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This report describes a conceptual design study
and represents one stage of the ongoing Canadian
Huclear Waste Management Program. Some of the
assumptions and decisions will have to be modified
in light of further work.

In particular, the projected load growth in Canada
and the date for start of construction of tht
centre which were originally assumed are, as of
the date of publication, no longer considered
realistic.

The changes do not, however, significantly modify
any of the conclusions and recommendations of this
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RESUME

Ce rapport decrit une etude conceptuelle d'un centre de stock-

age du combustible nucleaire irradie. Les installations de surface con-

prennent des usines de preparation des recipients en acier contenant le

combustible nucleaire irradie fixe dans le plomb, des batiments a che-

valement et toutes les installations de soutien necessaires. L1enceinte

d'evacuation souterraine est situee a un seul niveau a une profondeur de

1000 metres. Les recipients contenant le combustible irradie sont mis

en place sur une couche de materiaux de remblayage d'un metre d'epais-

seur et ensuite completement recouverts de remblai. Toutes les instal-

lations de surface et de sous-sol sont decrites, les operations et les

calendriers de travaux sont resumes et les previsions de couts et les

besoins en main d'oeuvre sont indiques.
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ABSTRACT

This report describes a conceptual design of a disposal centre

for irradiated nuclear fuel. The surface facilities consist of plants

for the preparation of steel cylinders containing irradiated nuclear

fuel immobilized in lead, shaft headframe buildings, and all necessary

support facilities. The underground disposal vault is located on one

level at a depth of 1000 metres. The cylinders containing the irradiated

fuel are emplaced on a one-metre thick layer of backfill material and

then completely covered with backfill. All surface and subsurface fa-

cilities are described, operations and schedules are summarized, and

cost estimates and manpower requirements are given.
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1. INTRODUCTION

A program has been initiated by Atomic Energy of Canada Limited

(AECL) to develop methods for the disposal of irradiated fuel and/or

high-level radioactive wastes . Since the reference concept is burial

deep underground in crystalline rock, a major segment of the program in-

volves the design of an underground vault which will safely isolate nu-

clear wastes from the biosphere. This report presents a synthesis of

the results of conceptual studies carried out in fiscal year 1978 on the

design of a disposal centre for irradiated fuel. The main surface fa-

cility is an immobilization and packaging plant for the irradiated fuel.

Shafts link the surface to an underground vault. The containers of im-

mobilized fuel are eraplaced in rooms underground and the rooms are then

backfilled. A companion report describes a similar disposal centre

for immobilizing and disposing of wastes arising from the reprocessing

of irradiated fuel.

Both irradiated fuel and immobilized waste disposal concepts

have been studied because the Canadian goverment has not yet determined

which route the Canadian nuclear program will follow. Irradiated CANDU

fuel contains fissionable material whose recoverable energy is at least

equivalent to that of natural uranium and is several times that of na-

tural uranium if it is used in conjunction with thorium. The key to

extracting this energy is fuel recycle, which includes chemical separa-

tion of the true radioactive waste from the material in the fuel. How-

ever, there is considerable debate in the international community con-

cerning the future role of commercial reprocessing. Until the govern-

ment lu»s made its decision, therefore, it is essential to develop tech-

nologies that can immobilize and dispose of either type of waste.

CANada Deuterium Uranium



The objectives of this study were to develop a reference de-

sign for the vault, and to develop designs for the attendant irradiated

fuel handling, backfill and sealing operations, and for the surface im-

mobilization plants and services. Costs and manpower requirements were

also to be determined. Emphasis was placed on analysis of technical

feasibility and on describing one complete scenario, rather than on

investigating a broad range of processing and disposal alternatives.

The vault layout and container emplacement designs were based on prelim-

inary studies which were previously performed by Acres Consulting Ser-

vices Limited

The studies reported here are only one stage in the on-going

investigations. Final designs, or even necessarily complete ones, have

not been developed; other emplacement and vault layout options, as well

as surface facilities, will be investigated in future studies. However,
(2)

the designs presented here and in the companion study are a reference

to which the other alternatives can be compared.

Surface facilities design was performed by the Design and

Project Engineering Branch, Whiteshell Nuclear Research Establishment,

Atomic Energy of Canada Limited, in association with W.L. Wardrop and

Associates Limited. The study coordinator was M.M. Ohta (AECL).

The underground vault design and analyses were performed by

Acres Consulting Services Limited in association with RE/SPEC Inc. and

Dilworth, Secora, Meagher and Associates Limited. R.G. Charlwood (Acres)

was the study manager and A.S. Burgess was the study engineer, A bibli-

ography of the reports resulting from these studies is given in Appendix A.

The disposal centre study was funded by the Whiteshell Nuclear

Research Establishment (WNRE), Atomic Energy of Canada Limited, with

H.Y. Tammemagi acting as technical coordinator.



2. THE CONCEPT

2.1 IRRADIATED FUEL DISPOSAL SCENARIO

The concept of irradiated fuel disposal is outlined in Figure

2-1. Fuel fabricated from natural uranium oxide is irradiated in one of

the operating CANDU reactors. After discharge from the reactor, the

fuel is stored for a time in water bays at the power station. Following

a suitable period of storage at the power station, the irradiated fuel

is transferred to the fuel disposal centre where xl is immobilized,

packaged and transferred into the underground vault located in a stable

hard-rock formation at a depth of 1000 m.

The disposal centie hao been designed to immobilize and dis-

pose of the irradiated fuel produced by all Canadian once-through natu-

ral uranium fuelled CANDU-PHW* reactors up to and including the year

2015.

The rate of production, and the physical and chemical proper-

ties of the waste containers at time of emplacement, have been conserva-

tively estimated by assuming:

1. Fuel arisings are based on a projected reactor development

scenario with a generating capacity of 194 GW(e) in 2015.

2. Fuel will be stored in reactor bays and vault surface fa-

cilities for a total period of 10 years.

3. The fuel immobilization facility will be commissioned in two

stages:

CANada .Deuterium Uranium - Pressurized jfeavy Water
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Half

Full

Capacity

Capacity

Capacity

(containers/a)

4050

8100

Start Date

(Jan. 01)

2000

2009

4. The fuel will have been irradiated to 588 GJ/kg U.

5. Each immobilized fuel package will contain 72 fuel bundles

equal to 1.355 Mg U fuel.

The annual irradiated fuel arisings, the fuel characteristics

and the design of the immobilization containers are discussed in Section

2.2.

The disposal centre development and operation timetable speci-

fied for the studies was:

Selection of site completed 1984

Demonstration facility completed 1988

Start of construction of full scale vault 1994

Commence fuel immobilization and emplacement 2000

Terminate fuel immobilization and emplacement 2034

Start of backfilling of rooms 2055

End of backfilling of rooms 2060

Start of backfilling of drifts and shaft sealing 2100

Project completion 2105

For the purposes of this study, it was assumed that the full-

scale vault would be built as an extension of the demonstration facility.

This decision would only be made if the operations in the demonstration

vault proved that all expected safety criteria would be achieved at the

demonstration site. Other scenarios would, of course, lead to other

timetables.
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The disposal centre layout is shown in Figure 2-2. This shows

the surface facilities required to receive the irradiated fuel and to

immobilize and package it in containers. The containers will be tempo-

rarily stored at the surface before transfer to hoists and transport to

underground rooms for emplacement.

The major on-site operations and facilities are summarized in

Section 2.3. More complete descriptions of the surface facilities and

equipment are in Section 3, and the shafts and underground facilities

are described in Section k.

2.2 FUEL QUANTITIES, CHARACTERISTICS AND CONTAINER

2.2.1 Quantities

The rate of immobilized fuel production is governed by the

discharge rate from the reactors and by the need to have all fuel cooled

for a minimum of ten years prior to underground disposal. Furthermore,

since immobilization is performed by two parallel production lines only,

throughput at a constant rate is desirable. To meet these requirements,

the schedule shown in Table 2-1 was devised. For the first nine years

of operation, however, production will be at half capacity for the fol-

lowing reasons:

1. Adequate time has to be allowed for development and improve-

ment of operating equipment and procedures (both above and

below ground).

2. A slow build-up of operating staff, resulting in less social

and socio-economic impact on surrounding communities, is de-

sirable.

3. More time can be made -viilable for training new operating

staff.
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4. The maximum size of the construction force is reduced.

The full production rate is 8100 containers per year. A cumu-

lative total of 246 483 will have been produced and emplaced by the end

of year 2035. These containers will include 334 000 Mg 0 from fuel which

will have ariser

of electricity.

2.2.2 Characteristics

12
will have arisen during the generation of approximately 16 x 10 kW-h

Fuel discharged from a reactor contains about 98.8% of the

original urr.nium; the other 1.2% has been converted to fission products

(0.8%) and plutonium (0.4%). There are more than one hundred fission

product and actinide isotopes in the irradiated fuel.

Radioactivity of the discharged fuel is intense, of the order

of 74 PBq per fuel bund]P. For the first 500 years after discharge,

this is predominantly from the fission products. Subsequently, the ac-

tinide elements become the main source of activity and heat generation.

2.2.3 Container

The reference container, made of AISI 304 stainless steel, is

shown in Figure 2-3. It is an enclosed cylindrical vessel, with bottom

and top end plates made from corrosion-resistant alloy material. A cen-

tral annular column is welded to the bottom end plate of the container

and extends to within 50 mm of the top end plate.

Each container holds 72 bundles of irradiated fuel stacked in

two levels of 36 bundles. Bundles are arranged in concentric rings

around the central column; the first ring contains 6 bundles, the second

ring 12 bundles and the third ring 18 bundles.
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The bundles are immobilized in the container with a matrix of

cast lead. A fully loaded container weights 7795 kg.

2.3 DISPOSAL CENTRE FACILITIES AND OPERATIONS

The disposal centre will receive 10-year-cooled irradiated

fuel for immobilization, packaging and disposal. The overall centre

operations are shown diagrammatically in Figure 2-4.

The integrated handling system, from the receipt of fuel at

the centre to emplacement in the vault, will be designed for reliable

operation and will be operated to minimize the radiation exposure to the

operators. As with all equipment designed for operation in a radioac-

tive environment, the equipment will be simple, with few components to

maintain. Those requiring maintenance will be stategicallv located.

2.3.1 Surface Facilities

The fuel- and container-handling systems at the centre perform

the following major operations:

1. Receive the irradiated fuel and unload the flask.

2. Load the bundles into the container and close it.

3. Immobilize the fuel and seal the container.

4. Provide temporary storage of the container.

The irradiated fuel will be shipped dry from CANDU stations in

road or rail flasks. It is assumed to arrive in the Ontario Hydro

96-bundle shipping container. All ensuing operations at the surface

will be done in a hot-cell environment.

It has been assumed that more than one type of container will

be required for station storage, fuel shipping and disposal. Therefore,



once the shipping container has been removed from the flask, the fuel

bundles must be transferred into a disposal container. When the. con-

tainer is full, a lid with fill and vent holes will be welded on and the

package inspected.

The irradiated fuel will then be immobilized by filling all

the voids in the fuel containers with molten lead. Once the lead has

solidified, the casting will be inspected for defects, the container

holes sealed by plug welds and the container inspected.

Each container of immobilized fuel will be decontaminated to

remove external surface contamination, then dispatched to the waste

shaft headfraiie building. It has been assumed that the immobilization

plant will be located within 100 m of the headframe, ao transportation

of containers will be by a shielded conveying system, and the need for

on-site surface trarsport flasks will be avoided.

Temporary storage has been provided to store approximately one

year's throughput of containers, thereby insulating vault operations

from any long-term disruptions in fuel supply. The reference storage

scheme is a dry hot-cell. The fuel will be stored in containers, either

immobilized, un-immobilized or a mixture of both.

Surface operations associated with the vault will be performed

in a hot-cell environment and with a shielded flask. The containers

will be transferred remotely from the storage cell in the headframe

building into the hoist cage.

2.3.2 Vault

The vault has been designed for construction on a modular

basis at a depth of 1000 metres in a stable hard-rock formation. When

complete, it will consist of 16 panels each containing 52 rooms. Each
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room will accommodate 300 containers emplaced in a grid pattern in the

backfill.

Initially, the two exhaust shafts would be sunk, one to be

used for intake and one for exhaust during the demonstration phase; the

demonstration rooms would then be excavated.

The development and emplacement operations are planned on a

retreating basis from the exhaust shafts toward the main waste-lowering

shaft.and intake ventilation shaft. The perimeter drifts will be used

for fuel container transport, while the central drift will be used for

construction traffic, thus providing separation between waste emplace-

ment and excavation operations.

Vault operations directly related to the active material are:

1. Transport underground by unshielded hoist.

2. Transfer to underground buffer storage.

3. Underground transport in shielded flask to emplacement room.

4. Emplacement in a bed of backfill.

5. Backfilling of room around containers.

There is a significant mining operation still in progress un-

derground at the same time as the other operations are being carried

out.

Final backfilling of all underground openings, and sealing and

decommissioning of the vault, has been assumed to be deferred to the

year 2100.



FUEL ARISINGS, STORAGE, IMMOBILIZATIOH AMD PACKAGING QUANTITIES

Year

(31 Dec.)

Up to
Present

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

2021

2022

2023

2024

2025

2026

2027

2028

2029

2030

2031

2032

2033

2034

Irradiated Fuel Arisings

Annual I Cumulative

(Mg U) (Mg U)

9 100

10 300

11 400

12 300

13 300

14 400

15 300

16 400

17 400

18 300

19 400

20 400

21 400

22 400

23 400

24 400

64 400

73 500

83 300

95 200

107 500

120 800

135 200

150 500

166 900

184 300

202 600

222 000

242 400

263 800

266 200

309 600

334 000

334 000

Fuel Immobilized

Annual

(Mg U)

5 «88

5 488

5 488

5 488

5 488

5 488

5 488

5 488

5 4d8

10 976

10 976

10 976

10 976

10 976

ID 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 976

10 208

Cumulative

(Mg U)

5 488

10 976

16 464

21 952

27 440

32 928

38 416

43 904

49 392

60 368

71 344

82 320

93 296

104 272

115 248

126 224

137 200

148 175

159 152

170 128

181 104

192 080

203 056

214 032

225 008

235 984

246 960

257 936

268 912

279 esa

290 864

301 840

312 816

323 792

334 000

Annual

(Containers)

4050

4050

4050

4050

4050

4050

4050

4P50

4050

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

8100

7523

Cumulative

(Conta

4

s
12

16

20

24

28

32

36

lners)

050

100

150

200

250

300

350

400

450

44 500

52 650

60 750

68 650

76 950

85 050

93 150

101 250

109 350

117 450

125 550

133 650

141 750

149 S50

157 950

166 050

174 150

182 250

190 350

198 450

206 550

214 650

222 750

230 850

238 950

246 473
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FIGURE 2-1: IRRADIATED CANDU FUEL DISPOSAL CONCEPT



IMMOBILIZED FUEL C O N T A I N E R
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FIGURE 2-2: DIAGRAMMATIC LAYOUT OF DISPOSAL CENTRE
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CONTAINER-

LATTICE FRAME

BOSSES WELDED TO LID
SEALED AFTER FILLING
WITH LEAD

FUEL BUNDLES

SECTION THROUGH CONTAINER
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CENTRAL COLUMN
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CONTAINER
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SECTION A-A

FIGURE 2-3: FUEL DISPOSAL CONTAINER
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FIGURE 2 - 4 : FLOW DIAGRAM FOR FUEL DISPOSAL CONTAINERS
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3. SURFACE FACILITIES

3.1 SITE LAYOUT

3.1.1 Description

The major surface facilities at the disposal centre will be

the fuel immobilization building, waste shaft hepHframe building, ser-

vice shaft headframe and support services. They will be located on
2

1.0 km site as shown in Figure 3-1. For this scenario, an exclusion

zone extending 1 km from the mine ventilation intake and oxhaust stacks

has been assumed. Figure 3-2 shows the relative sizes of the centre,

the surface facilities and the vault, and also shews the proposed exclu-

sion zone.

The buildings at the centre have been arranged around the

headframe buildings. Immobilized fuel containers are transferred.from

the fuel immobilization plant through underground tunnels to the waste

shaft headframe.

The administration buildings, stores, warehouse, inactive

maintenance workshop, mined rock handling and backfill preparation fa-

cilities are arranged close to the vault service shaft for ease of mate-

rials and personnel movement. A cafeteria has been provided in the in-

active area. Power and heating plant are centrally located to reduce

utility piping and power line costs, whereas water supply and inactive

liquid wastt treatment systems are located near the water source.

3.1.2 Materials Movement

The materials which will be received at the centre are as

follows:
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1. Vault backfill material (450 m3/d).

2. Lead (140 Mg/d).

3. Coal for Heating Plant (150 Mg/d).

4. Empty waste containers ?7/d).

5. Miscellaneous materials including equipment, chemicals and

supplies.

Because of the large quantities of material, rail and road

access is desirable Economics of the specific mode will depend on the

source location. Storage areas and bins have been provided close to the

point of use, e.g., coal is stored outside in pits close to the heating

plant. Containers and lead are received and stored in designated areas

at each plant.

Most other materials are expected to be delivered to the site

by trucks. A warehouse and material storage yard are available for

equipment, materials of construction and other bulk materials storage.

Chemicals will be received and stored at the points of consumption.

Small equipment, components, tools and other supplies will be received

at the stores building.

Movement of active materials within the site is generally

limited to the active zone. Inactive wastes and materials can leave the

active zone through one of the control points after monitoring. Mate-

rials flow through the surface facilities is shown diagramatically in

Figure 3-3. The major inactive material which will require disposal is

the mine rock. A 40 hectare disposal area is provided at the site, and

the rock will be piled by scraper trucks in a pile 10 m high.

Transfer of containers from the plants to the temporary stor-

age facility will be through two independent tunnels. Each tunnel will

be approximately 4 m wide to permit maintenance.
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3.2 DESCRIPTION OF FACILITIES

3.2.1 Fuel Immobilization Plants

The Fuel Immobilization Building (FIB) houses two parallel

lines of hot-cells and the equipment necessary to receive, package, im-

mobilize and dispatch irradiated fuel to the active headframe, as well

as storage ells for one year's throughput of fuel, active waste systems,

ventilation systems, shops and offices (see Figure 3-4). The main area

of the FIB is 123 m x 132 m, while the total first floor area is approx-
2

imately 13 000 m . The height of the building is 25 m.

Irradiated fuel flasks arriving at the centre will be received

in one of four flask-receiving bays located in the basement. Here they

will be recorded, decontaminated if necessary and unsealed by a safe-

guards inspector. The irradiated fuel shipping modules will be removed

and lifted up into one of the two unloading cells, 1-A or 1-B. An empty

module will be lowered into the fl sk, which will then be resealed, de-

contaminated if required and disr tched from the FIB for return to the

originating CANDU station.

The irradiated fuel shipping module will be transferred from

the unloading cell by an overhead crane and floor-mounted trolley to one

of the adjoining bundle-loading cells, 2-A or 2-B (Figure 3-5), and

placed on a bundle-loading machine. Simultaneously, an empty disposal

container will be retrieved from sto-age and placed on the same machine,

which will then automatically transfer the fuel bundles from the module

into the container. Once the container is full (72 bundles), a lid with

fill and vent holes in it will be welded on, using remote automatic

welding equipment. The container will be inspected for leaks or weld

defects, and sent to one of the adjoining fuel immobilization cells, 3-A

or 3-B, (Figure 3-6). The time to load, weld and inspect ^ach container

is estimated to be two hours.
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Upon arriving in the fuel immobilization cell, the container

will be picked up by an overhead crane and placed onto one of the three

fuel immobilization machines. This machine will move the container into

a furnace where the container and fuel will be preheated to 200°C by

forced hot air. Molten lead at a temperature of 370°C will then De

poured into the container to completely fill all voids. The container

will be forced-cooled to solidify the lead, removed from the furnace and

transferred to an inspection station, where the lead casting will be in-

spected for voids or defects. A container which passes this inspection

will be moved to a welding station, where the fill and vent openings

will be plug-welded by remote automatic welding equipment anc inspected.

It will then be lifted off the fuel immobilization machine and sent to

one of the dispatch cells, 4-A or 4-B. The total time each container

will spend on a fuel iiu^ie'iilization machine is estimated to be 5 hours.

Containers which are found to have defects in the lead casting

will be moved to a defect correction machine, where thr. lead will be re-

melted to close the voids or defects. Containers having defective welds

will also be transferred to the defect-correction machine where the weld

will be repaired.

A container arriving in dispatch cell 4-A or 4-B will be low-

ered into a decontamination pit, where it will be decontaminated by high

pressure sprays of hot water or rieam. It will then be dried and exam-

ined to ensure that it is free from surface contamination. Clean con-

tainers will be lowered through the floor of the cell onto a waiting

trolley which will carry them through a shielded tunnel to the waste

shaft headframe. Containers which do not pass inspection will be re-

turned to the decontamination pit for further cleaning.

The FIB also houses four storage cells which will store up to

one year's throughput of loaded containers. This storage facility ia

intended to insulate FIB and vault operations from breakdowns or dis-
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ruptions in supply. Most of the stored fuel would be in immobilized

form so that, when fuel must be drawn from storage to feed the vault,

the only processes necessary will be decontamination and dispatch. How-

ever, the temporary storage facility will also be used as surge storage

for the FIB, so a part of the storage capacity will be used for contain-

ers of fuel not yet immobilized. In this way, if one or both of the

fuel immobilization cells is out of service, the FIB may continue to

receive and containerize fuel and send it to the temporary storage fa-

cility. If there is an interruption of fuel shipments, the fuel immo-

bilization cells may continue to operate by drawing containers from the

storage facility and immobilizing them. Containers sent to or retrieved

from the temporary storage facility will be carried by self-propelled

trolleys operating in shielded tunnels in the basement of the FIB.

During the course of the design study, consideration was also

given to using concrete canisters or water-filled pools for the tempo-

rary storage of irradiated fuel. Neither had a significant cost advan-

tage over hot-cell storage, and both were found to have operational dis-

advantages, such as increased handling and turn—around times or an in-

crease in the volume of liquid wastes that would have to be processed.

Secondary facilities within the FIB include container receiv-

ing and storage equipment, lead receiving, storage and melting facili-

ties, active waste systems, ventilation equipment and miscellaneous

shops, offices arid laboratories. Containers would be received in a ve-

hicle bay and transported through the basement of the FIB by self-pro-

pelled trolleys. They would be raised up into container storage cell

#10, where they would be stored and fed into the bundle-loading cells as

required.

To immobilize 1944 bundles of fuel per day, the FIB must re-

ceive and melt 140 000 kg of .lead per day. The lead will arrive by

truck or rail in the form of 900-kg pigs. These pigs will be unloaded
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in vehicle bays and transported through the basement of the FIB by self-

propelled trolleys. They will be lifted off the trolleys and lowered

into one of two lead melters, which maintain a quantity of molten lead

at 370°C. This molten lead is gravity-fed to the six fuel immobiliza-

tion machines and the two defect correction machines.

All areas of the FIB would be ventilated to control the spread

of radioactivity, and to provide conditions conducive to personnel com-

fort and satisfactory electronic equipment operation. All ventilation

air will be filtered to remove particulates, treated to remove iodine,

and exhausted up to a tall stack into the undisturbed air layer well

above surrounding buildings. All exhaust air will be carefully moni-

tored to ensure that the total release of radionuclides to the environ-

ment does not exceed X°4 of the derived release limits for the site. The

FIB would also contain decontamination facilities and active workshops

to repair active equipment, inactive workshops for maintaining non-active

equipment and miscellaneous offices and laboratories.

3.2.2 Waste Shaft Headframe

The waste shaft headframe building will receive containers of

immobilized fuel from the FIB. The building contains the 'aoist head-

frame structure, a temporary storage cell, associated operating galler-

ies and all required services and facilities (Figures 3-7 and 3-8).

As indicated above, decontaminated containers will be dispatched

from the FIB on trolleys operating in shielded tunnels which terminate

under the storage cell of the waste shaft headframe building. The con-

tainers will be lifted off the trolleys and up into the storage cell,

where they will either be placed in storage or transferred directly for

lowering to the vault level. The headframe storage cell will have a

capacity of 810 containers, which will allow for a one month outage in

either the FIB or the vault, and will also compensate for differences in

operating schedules between the two facilities.
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Containers vill be moved within the storage area by remotely-

operated overhead cranes. Transfer into the cage will be by roller con-

veyor and a hydraulically-operated loading arm.

3.2.3 Service Shaft Headframe

The service shaft headframe (Figure 3-9) will consist of a re-

inforced concrete structure, on a monolithic concrete base incorporating

the shaft collar. The headframe will accommodate the rock skip (waste

rock hoist), service and emergency man-riding cage hoists and all asso-

ciated control equipment. The base of the headframe will provide ap-

proximately 1200 t of rock-storage capacity, acting as a surge facility

between the underground and surface operations.

For the installation of various pieces of hoist machinery in

the headframe and their subsequent servicing and maintenance, a heavy-

duty jib crane will be installed on the skip hoist floor. The crane

will be capable of hoisting the heaviest pieces of equipment from ground

level to the upper floor of the headframe and positioning them, in a

single operation. Supplementary lifting equipment will be provided from

the various levels for equipment that is not directly accessible to the

jib crane.

Rail access will be provided to the service cage for transfer

of large pieces of equipment between surface and underground.

3.2.4 Backfill Preparation Plant

To prepare the material required for the final backfilling of

the vault, rock will be reclaimed from the service headframe bin by a

conveyor and transferred to the intermediate rock storage pile. Rock

which is to be disposed of will be loaded from this pile by a front-end

loader into dump trucks which will transport the rock to the disposal
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area. Rock required for crushing will be reclaimed by conveyor and

transferred to the preparation plant for screening and crushing. Fol-

lowing crushing, coarse aggregate will be stored in a bin in the prepa-

ration plant.

Pit-run sand and gravel will be brought to the site by means

of dump trucks, discharged into a bin and fed by a stacker to a surge

pile. It will be reclaimed and fed by conveyor into the crusher and

screen house, where it will be screened as necessary and stored in a

bin. The crushed rock, sand and gravel will be blended, and the mate-

rial conveyed to the headframe of the service shaft. Bentonite will be

transferred underground via the service cage, and mixed with the blended

aggregates immediately before emplacement backfill.

3.2.5 Secondary Active Waste Treatment Facilities

The secondary active waste treatment facilities will manage

the radioactive liquid and solid wastes generated by the centre, to en-

sure that the total release of radionuclides to the environment will not

exceed 1% of the derived release limits for the site. The containers of

immobilized fuel are not considered as waste in this context, as they

are disposed of in the underground vault. Airborne wastes will be

treated directly by the ventilation systems of the various buildings.

Active wastes from a facility such as the proposed centre are

generally classified as high active wastes (HAW), medium active wastes

(MAW), or low active wastes (LAW) according to their level of activity

and rate of heat generation. Due to the age of the fuel handled by the

centre (minimum 9-years-cooled), the simplicity of the operations, and

the absence of any processes to alter the fuel either physically or

chemically, the centre is expected to produce only small quantities of

active wastes.
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All HAW, defined for the purposes of this study as particles

of fuel or activation products, will be confined to the FIB. The only

liquid to come into contact with HAW solids will be water, and since

water cannot dissolve these particles, the only possible HAW liquid

would be water carrying suspended HAW solids. These liquids will be

filtered to remove 99.99% of the solids, and the effluent fed to the LAW

liquid treatment system. All HAW solids collected by these filters, the

ventilation filters, or filters in the cell-vacuuming systems will be

placed in containers, immobilized and sent to the underground vault.

Because the operations of the centre are expected to be rela-

tively clean, no MAW treatment system is planned. The effluent from the

HAW liquid filtration system, together with all other active liquids

generated by the centre, will be sent to the LAW liquid treatment system.

Here they will be treated as necessary and released to a natural water

body. If, for any reason, the level of activity of the influent is too

high to be treated by the LAW treatment system, the liquids may be re-

circulated to the HAW filtration system.

LAW solids will result both from the operation of the centre

and from decommissioning. Some MAW solids may also arise, but these

would be treated in the same manner as the LAW solids. These wastes

would consist of combustible trash such as rags, clothing and paper,

non-combustible solids like discarded equipment and filters, and sludge

from the LAW liquid treatment system. Due to the small volume of solid

waste production (500 m / a ) , neither incineration nor compaction would

be economic. Instead, the waste will be decontaminated as necessary,

bagged, fragmented and sorted, and placed in concrete bunkers in the

waste management area. Wastes which wilJ decay to innocuous levels

during the lifetime of the site may be permanently disposed of iri this

manner; longer-lived wastes must be stored retrievably in the bunkers,

with evenutal disposal either underground or at another waste management

area.



3.2.6 Services

Because the centre will be a self-contained complex, all re-

quired services must be provided on site. An intake/pumphouse/water

treatment plant will be provided to supply up to 500 L/s of domestic,

service and fire-suppression water to both the underground and surface

facilities. Inactive drainage systems will collect both sanitary and

storm drainage and treat them as necessary before discharge to the envi-

ronment. A power house equipped with three 16-MW coal-fired boilers

will supply hot water for heating the surface buildings. Building cool-

ing requirements will be supplied by absorption chillers operating off

the high temperature water system. One megawatt of process steam will

be generated by electric boilers, while compressed air will be supplied

by eight 420-L/s air compressors. Fifteen megawatts of electrical power

will be received from the utility at 115 kV and transformed down to

4160 V by the main substation. It will then be distributed to each

building, where it will be further transformed down as required.

3.2.7 Environmental Laboratory

A laboratory is provided for monitoring the site and the envi-

ronment for radioactivity. The laboratory will be set up before the ac-

tive facilities start up to gather background data for subsequent moni-

toring of the environmental impacts of centre operation.
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4. VAULT

4.1 STUDY METHODOLOGY, SPECIFICATIONS AND DESIGN CRITERIA

The vault design study methodology is shown in Figure 4-1 and

consists of the following general sequence of tasks:

1. Determination of preliminary design criteria.

2. Determination of preliminary design concepts.

3. Thermal-rock, mechanics analysis.

4. Design of vault layout, services and operation.

5. Estimates of cost and manpower requirements.

6. Design Concept Report.

4.1.1 General Specifications and Constraints

AECL specifications for this design study were based upon pre-

vious conceptual studies , available data, and constraints used by

other study groups. Those which have not been described in Section 2.2

are summarized below.

4.1.1.1 Setting

The vault will be located on a single level at a depth of

1000 m in a crystalline rock whose properties are either those of gran-

ite or gabbro. It will contain rooms for fuel emplacement, connected by

drifts. Containers will be emplaced within the rooms and completely

surrounded by a minimum of 1.0 m of backfill.
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4.1.1.2 Operations

All construction and development operations for the vault will

use standard, accepted mining industry techniques.

Emplacement procedures and handling equipment for containers

are designed to ensure that radiation doses received by personnel will

be consistent with current design target levels for nuclear workers.

Conventional worker safety standards will also be met.

Vault development and fuel emplacement operations are kept

separate. Ventilation of the vault is designed to provide air flows for

worker protection and comfort during both construction and fuel emplace-

ment phases. Provision is also made for temporary ventilation in those

areas which may require short-term worker access. The ventilation sys-

tem will draw air through the construction area and then through the

fuel emplacement area, or separate systems will be provided.

All air flowing from the "active" part of the vault will pass

through a radioactive-particulate monitoring system. In the event of

airborne radioactive contamination, the air is directed through filters

before discharge into the environment.

Backfill will be placed around the containers immediately

after emplacement. However, the rooms will not be completely backfilled

until 20 years after emplacement of the last container in the vault.

4.2 THERMAL-ROCK MECHANICS

A thermal-rock mechanics analysis of the reference concept was

undertaken to establish the criteria for use in the layout and design

studies for the vault. Specifically, this required establishing the

thermal loadings which would be acceptable within the limitations of the
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specifications and design options. Details of the thermal-rock mecha-

nics analyses are contained in Appendix B.

For the purpose of this study, the vault area has been divided

into three regions.

1. The container (near-field) region, which includes the back-

filled cavity and the volume of rock along the room and pillar

extending from the room floor to a few metres below the container

2. The room-and-pillar region, which includes the rock mass in

the room-and-pillar unit and extends to several room diameters

both above and below the room

3. The far-field region, which extends vertically from the sur-

face to two or more times the vault depth below the level of

the vault, and horizontally to at least a vault's length

beyond the edges of the vault.

The thermal and mechanical constraints which were agreed for

these regions with AECL at the initiation of the study are summarized in

Table 4-1.

The irradiated fuel heat generation rate as a function of time

relative to the heat generation at the time of emplacement is illustrated

in Figure 4-2. Since the heat generation rate in an immobilized fuel re-

pository continues to be significant for a very long time due to the

presence of plutonium and other long-lived actinides, a long-term, sus-

tained average temperature limit of 75°C was also imposed on the design.

During the far-field analyses, the potential for the develop-

ment of a perturbed fissure zone (defined as the zone of rock where the

existing fissures will be opened due to the action of tensile stresses)
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was recognized. For the purposes of this study, the acceptable depth of

the zone was limited to 100 in.

The design was such that modifications to the thermal loadings

could be achieved within this concept by:

1. Varying the spacing of the rooms (extraction ratio)

2. Varying the spacing of the containers along the room (pitch).

Revisions to capacity requirements may be met by the extension

of panels or addition of further panels. The transverse spacing and the

number of containers across the room was fixed for these studies.

Two specific rock types, granite and gabbro, were considered.

No distinction was made between the rock types with regard to their me-

chanical properties. The thermal conductivity and coefficient of ther-

mal expansion were considered to provide the distinction between the two

rock types.

A matrix of the important variables (extraction ratio, pitch

and panel thermal loading (PTL) for near-field and room-and-piliar anal-

yses, or gross thermal loading (GTL) for far-field analyses) was used to

define the required thermal analyses. The extraction ratio, pitch and

PTL satisfying the thermal constraints for all three regions of the

vault were chosen for the subsequent rock mechanics analyses.

For the two-dimensionai plane-strain rock mechanics analyses,

a linear Mohr-Coulomb failure criterion was used for both the intact

rock and joints. In addition, a 'no tension' criterion was employed in

all the analyses.

For both granite and gabbro, the preferred PTL-pitch-extrac-

tion-ratio combinations are controlled by the thermal and/or thermal-
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mechanical performance in the far-field region over the long-term. The

basis for selection of long-term criteria and restrictions will require

refinement prior to undertaking further analyses. In particular, the

depth of an allowable perturbed fissure zone requires research, both

from a generic and site-specific standpoint. Room-stability and pillar-

strength ratio criteria do not appear to be critical for any of the

thermal loadings considered.

Based on the analyses described, the thermal and thermomechan-

ical constraints and restrictions, and a selected extraction ratio of 25

percent, the following configurations were defined for the vault design:

Granite - extraction ratio 25%

- PTL 14.4 W/m2

- GTL 14.2 W/m2

- pitch 2.5 m

This configuration is defined by both the restriction on GTL

imposed by the 75°C long-term temperature maximum and the perturbed

fissure zone maximum depth of 100 m.

Gabbro - extraction ratio 25%
2

- PTL 11.3 W/m

- GTL 11.0 to

- pitch 3.2 m

This configuration is defined by the restriction on GTL imposed

by the 75°C long-term temperature maximum.

4.3 LAYOUTS

The detailed vault layout was developed using the design cri-

teria developed from the thermal-rock mechanics analyses.



- 39 -

In addition, the following factors were considered:

1. The number of penetrations of the pluton should be minimized,

consistent with economic development of the vault.

2. The layout should be flexible so that it could be readily mod-

ified to suit changes in waste management practices or geolog-

ical conditions, by extending a panel or by construction of

additional panels.

3. Development and emplacement operations would retreat toward

the main shafts to avoid working in active and heat-generating

areas.

4. Separation of development and emplacement operations would be

achieved by physical barriers and/or operating procedures.

5. The conceptual design should be workable, although not necess-

arily optimal.

The layout of the vault is shown in Figure 4-3. Design con-

siderations for the three principal components of the vault are discus-

sed below.

4.3.1 Shafts and Major Drifts

The shafts are shown on Figure 4-3. The service shaft, waste

shaft and downcast ventilation shaft will be located at one end of the

vault. At the opposite end, two upcast shafts will provide ventilation

air exhaust. All shafts are located outside the vault area with a min-

imum distance of 200 m from the nearest panel. This was determined from

thermal analyses to restrict the temperature rise at the shafts to less

than 5°C with the maximum rise occurring 50 years after emplacement.



Rock-handling and container-handling facilities will be sep-

arated vertically in the shaft area, with common maintenance facilities

on the main vault level.

The development and operation of the vault will require drifts

for access and materials transport. These will be:

1. Main drift for access during primary development and panel

development.

2. Waste transport drifts to permit transport of containers

separate from development operations.

3. Rock rail haulage and backfill rail haulage drifts located

30 m below and above the main drift, respectively, with

raises driven to the vault level for transfer of materials.

4. Panel drifts to provide access for room development, waste

emplacement and backfilling.

All drifts will be driven on a 0.5% upgrade from the main

shaft group to facilitate drainage. Cross sections are based on single-

lane operation, widened for passing areas at suitable locations. Turn-

ing points will be provided at approximately 200-m intervals in panel

drifts to assist in traffic operations during waste emplacement. Inter-

sections will be offset to reduce roof spans and, in the case of panel

drift/main drift intersections, to permit installation of security

grills for operations separation.

4.3.2 Panels

Each panel contains 52 rooms arranged 26 on either side of the

panel drift. Each complete panel will contain 15 600 containers. Room/

panel drift intersections are offset to reduce roof spans.
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The room spacing was determined from the results of thermal-

rock mechanics analyses, which suggested an extraction ratio of 25%.

The panel dimensions (850 m by 450 m) were determined from consideration

of rock excavation and haulage methods. Rock will be loaded into trucks

in the room using front-end loaders, and will be hauled to the rock raise

for dumping to the rock rail haulage level.

Development and emplacement activities will not take place

simultaneously in the same panel. Development of a panel will begin

with excavation of the panel drift from the main drift to the waste

transport drift. Rooms will be developed beginning at the main drift.

4.3.3 Rooms

The rooms are designed to permit emplacement of four containers

at 1.5-m centre-to-centre spacing across the room, as shown in Figure 4-3.

Each room will hold 300 containers. The room height is determined pri-

marily from container-handling considerations. The room entry is "dog-

legged" to reduce direct radiation levels in the panel drift from con-

tainers placed in the room prior to backfilling. Rooms will be driven

on a 2% upgrade from the panel drift to facilitate drainage. All rooms

will be single entry to minimize possible hydrogeological interconnection

through the vault. At the room entrance the rock surface will be cleaned

and the surrounding rock grouted as necessary to form the foundation for

a backfill "plug" to minimize interconnection between rooms and drifts.

A.4 DEVELOPMENT AND OPERATION

4.4.1 Master Schedule

The master schedule for development and operation of the vault

during the period 1984 to 2105 was developed to meet the project milestones

defined in Section 2.1. The schedule encompasses the following phases:

See disclaimer on inside of front cover.
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Phase I Access and Demonstration 1984 - 1992

Phase II Primary Development 1993 - 1999

Phase III Panel Development and Emplacement 1999 - 2034

Phase IV Maintenance and Decommissioning 2035 - 2105

Milestones and activities for Phases I and II are shown in

Figure 4-4. The start of construction has been taken as early 1984 in

order to have the demonstration vault available for operation in 1988.

Bidding and selection of contractors will have to be complete in advance

of this date.

Development of the demonstration vault was not within the scope

of work of this study and, therefore, only an outline schedule has been

prepared. This indicates that 6 years are available for demonstration

before commencing full-scale vault construction, if full-scale waste em-

placement is to begin in year 2000. The primary development start date

has been established as 1994 in order to allow time for an orderly con-

struction program. The emplacement schedule has been established to

suit the delivery rates of containers from the immobilization facility

at the surface.

The maintenance and decommissioning phase follows completion

of waste emplacement. Provision has been made for access to the rooms,

drifts and shafts for inspection and maintenance. Final room backfilling

occurs from 2055 - 2060, followed by a further maintenance period to

2100, during which access to the panel drifts has been allowed for.

Final backfilling, sealing and decommissioning of the vault is planned

for the period 2100 - 2105. The completion of these operations has been

defined as project completion for the purposes of this study.

It has been assumed that contractors would be appointed for

Phase I and II activities. Phase III and IV activities have been plan-

ned on the assumption that the owner would operate the facility.



4.4.2 Access and Demonstration, Phase I

The start date for this phase is early 1984. The contractor

will have to have been selected and all detailed engineering required

for shaft sinking will need to be done in advance of this date.

The initial construction activity and approvals will start in

1984 with the sinking of a small construction shaft at the far end of

the vault from the service shafts area. From this shaft, an 850-m long

drift will be driven to the location of a second small shaft which,

subsequently, will be excavated to the surface by raising techniques.

These two shafts will later serve as permanent exhaust ventilation shafts.

In the area between these shafts, the demonstration and testing vault

facilities can be developed. From the interconnecting drift between the

shafts, an exploratory drift will be driven along the centre axis of the

future vault to the location of the future service shaft at the opposite

end. This will permit exploration of the rock mass during the early

stages of activity on the site.

4.4.3 Primary Development, Phase II

Around 1992, a decision must be made as to whether to proceed

with the construction and development of the vault on the selected pro-

visional site. This is necessary to permit the detailed design of all

service facilities, shafts and vault to be carried out, and to prepare

tender specifications for construction activities to begin in 1994.

The critical path diagram for these activities is shown in

Figure 4-4. The construction of the large service shaft must start in

1994. This will be carried out by raising a pilot raise from vault

level to the surface. At the same time, the concrete headframe will be

erected, and the necessary shaft-sinking equipment installed, allowing

the shaft to be slashed to full size once the pilot raise is completed.
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The excavated rock will be dropped to the vault level where it will be

brought by rail cars to the temporary construction shaft for hoisting to

surface. Once the various shaft levels have been cut, the backfill and

rock bins excavated, and all necessary shaft and hoist equipment installed,

the two adjacent shafts, the waste shaft, and the downcast ventilation

shaft will be raised to the surface.

The underground vault development will start as soon as the

rock hoisting facilities are ready in the service shaft. This develop-

ment activity will consist of driving the five major drifts to the oppo-

site end of the vault. In addition, excavation and installation of the

necessary service and waste-handling facilities around the shafts will

be carried out.

Inspection of the critical path shows that the service shaft

construction controls the date for the start of the primary underground

vault development in 1997. Construction of the service and downcast

shafts will require ventilation air from the pilot main drift which is

planned for prior construction during the demonstration phase. The re-

mainder of the critical path lies on the main drift development, leading,

on completion, to the initial panel development.

4.4.4 Panel Development and Emplacement, Phase III

The detailed schedule and sequence of activities in this phase

are shown in Figure 4-5.

Four principal activity streams are planned for the panel de-

velopment and emplacement phase. These are:

1. Room excavation.

2. Room preparation and initial backfilling.

3. Container emplacement.

4. Partial backfilling.
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It has been assumed that these operations will be handled by

the owner's staff. The equipment requirements and rates of operation

have been set to match container delivery rates. It appears that the

resulting schedule is quite flexible and should be capable of adjustment

to suit the active materials handling requirements, monitoring, etc.

4.4.5 Maintenance and Decommissioning, Phase IV

The concept requires the owner to maintain access to allow the

final room backfilling operations to be carried out in the period

2055 - 2060. Details of these maintenance operations have not been es-

tablished. However, ventilation cooling of the rooms will be required

before backfilling.

The vault design concept allows containers to be retrieved

fairly readily from the partially backfilled rooms prior to 2055. Sub-

sequent retrieval is still possible, but involves progressively more

backfill material excavation.

The final backfilling of drifts and shafts, sealing, an' de-

commissioning of the vault is scheduled for the period 2100 - 2105.

This follows a 40-year period during which access via the shafts and

main drifts will be maintained. Project completion is scheduled for

2105.

4.5 FACILITIES AMD EQUIPMENT

4.5.1 Rock Excavation and Handling Equipment

4.5.1.1 Access and Demonstration

This will involve excavation of the two upcast shafts and the

demonstration vault, and driving a pilot drift along the line of the
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main drift for access and exploration purposes. Drill-and-blast methods

will be used for excavation, with trackless and/or rail haulage as ap-

propriate. Upcast shaft 1 will be furnished with a temporary headframe

for skip hoisting. Rock excavation quantities are summarized below.

Depth/Length Quantity

(m) m

Upcast Shafts (2) 1000 22 000

Drifts 4450 40 050

4.5.1.2 Primary Development

Rock excavation for primary development will comprise:

1. Sinking of service, downcast and waste shafts.

2. Enlarging main drift to final cross section.

3. Driving waste transport drifts.

4. Driving rock and backfill rail-haulage drifts.

5. Excavation of shaft levels for rock- and waste-handling fa-

cilities, and installation and commissioning of equipment.

Details of the shaft excavation are given in Section 4.5.2.

The excavation of service facilities around the shaft group

and of the major drifts will be carried out as soon as the service shaft

is completed and ready for double skip hoisting.

Excavation rates have been based upon conventional drill-and-

blast methods using currently available trackless electric-hydraulic drill

jumbos. Mucking and haulage to the service shaft will be by Load-Haul-

Dump (LHD) units and diesel-powered trucks or rail equipment as appropriate.
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Excavation quantities are summarized below;

SHAFTS

Description

Service

Waste

Downcast

Depth

(m)

1075

1000

1030

Diameter

Cm)

7.3

3.6

4.6

Volume

(m3)

45 000

10 000

17 000

HAULAGEWAYS AND SHAFT PILLAR DEVELOPMENT

Main Drift

Rock rail haulage drift

Backfill rail haulage drift

Waste transport drifts (2)

Shaft levels

Total
Length

(m)

3 900

4 000

4 000

10 900

Volume

(m3)

108 000

86 000

86 000

302 000

27 000

4.5.1.3 Panel Development

Rock excavation for panel development will comprise:

1. Excavation of panel drifts

2. Excavation of emplacement rooms.

Excavation of the first panel will begin in mid-1998 in order

to be prepared for container emplacement at the beginning of 2000. In-

dividual panel development will begin with driving the panel drift from

the main drift to the waste transport drift. A number of rooms will be
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excavated simultaneously for efficiency and to meet schedule requirements.

The excavation cycle includes:

1. Drilling.

2. Hole loading.

3. Blasting.

4. Mucking and hauling.

5. Ground support.

These activities are illustrated in Figure 4-6.

Excavation rates and cost estimates are based upon conventional

drill-and-blast methods using currently available trackless electric-hy-

draulic drill jumbos. LHD units will load blasted rock into trucks for

haulage to the rock passes located at the main drift. Two independent

train sets hauled by 25-tonne trolley-battery electric locomotives will

haul muck cars from the rock passes to the service shaft. Rock will be

dumped into a large rock bin for automatic hoisting to the surface by a

double skip friction hoist.

Panel development rock excavation quantities are summarized

below and annual rates are shown on Figure 4-7.

PANEL DEVELOPMENT

Panel drifts

Rooms

Total

Total
Length

Cm)

11 820

185 900

Average cross
sectional area

(m2)

27.7

42.5

Total
Volume

Cm3)

327 000

7 893 000

8 220 000
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4.5.2 Shafts and Hoists

Five shafts will be required between the surface and vault

level.

At the main shaft group - service shaft

- waste shaft

- downcast ventilation shaft

At the exhaust end of the vault - two upcast ventilation

shafts

4.5.2.1 Service Shaft and Hoist

The service shaft is required to provide for:

1. Efficient hoisting of excavated rock.

2. Conveyance of large units of mechanized equipment and under-

ground supply material with maximum weights of 10 t.

3. Expedient conveyance of underground personel at start and end

of working shifts. The number of people to be handled at one

time is estimated at 50.

4. Auxiliary man-riding cage for supervisors and emergency

situations during the shifts.

.5. Ladder escape-way to surface, as required by mining regulations.

6. All necessary service pipes and cables from surface to the

underground vault.

The shaft will be 7.3-m diameter, concrete-lined and divided

into three sections as shown in Figure 4-8. These will contain:
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1. Two 13-t balanced skips for rock hoisting.

2. Service cage

3. Ladder escape way, service pipes and cables, and emergency

cage.

The skip hoisting system will be designed for a capacity of

410 t/h.

For the purpose of this study, it was assumed that the shaft

will be excavated by Allmak raising from vault level followed by slash-

ing to full diameter and lining. A typical shaft sinking operation

sequence is shown in Figure 4-9.

The service shaft headframe is described in Section 3.2.3.

4.5.2.2 Waste Shaft and Hoist

The waste shaft will be dedicated for handling containers be-

twean the surface and underground. The maximum container emplacement

rate will be 8100 containers per annum from 2009 through 2034.

The shaft will be 3.6 m diameter, concrete-lined. The cage

will be a single-deck unit of steel construction with an enclosed deck,

safety doors and container restraining equipment. The floor of the cage

will be equipped with a roller deck to facilitate the loading and un-

loading of the containers. Roof structural members will be thickened

for shielding in the nrent that it is necessary to work near a loaded

cage. Safety devices will be provided to arrest the cage upon cable

failure. The cage will have a weight of approximacely 9 t and a load

capacity of 10 t.

It has been assumed that the shaft will be excavated by full

face raising from vault level using an Allmak system or similar equipment.
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The waste shaft headframe is described in Section 3.2.2.

4.5.2.3 Ventilation Shafts

Ventilation shafts will be required to handle 283 m /s. A

single 4.6-m concrete-lined downcast shaft and two 3.65-m concrete-lined

upcast shafts will be required.

The present schedule allows for the development of a demonstra-

tion vault at the exhaust end of the vault. The first upcast shaft will,

therefore, be sunk by conventional methods. It has been assumed that

the second upcast shaft and the downcast shaft will be excavated by full-

face raising from the vault level, using an Alimak or similar system.

4.5.3 Container Handling

The containers will be sealed and decontaminated at the fuel

immobilization plant, so surface contamination will not be an operational

problem in the vault.

Shielding requirements will be determined by gamma-radiation

levels. Neutron fluxes are sufficiently low that the gamma-ray shield-

ing will be adequate for neutron-flux shielding. The container surface

dose rate will be 1.0 rem/h. At 4 in from the container surface, the

dose rate is estimated to be less than 25 mrem/h.

The waste immobilization plant will produce containers at a

maximum rate of 8100/a. On the basis of two shifts per day, approxi-

mately 18 containers will have to be emplaced per shift.

Containers will be moved from storage into the waste shaft

cage by means of a remotely-operated overhead crane, roller conveyor and

hydraulically-operated arm. Each container will be mechanically secured

in the cage for lowering. The containers will be transported unshielded
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to the vault level through the waste shaft, then unloaded from the cage

onto a roller conveyor by a hydraulically-operated boon. Temporary

storage for up to 8 containers will be available on the roller conveyor.

Details of the underground transfer station are shown on Figure 4-10.

In the vault, t..a containers will be transported in a flask,

two at a time, through the waste haulage drifts and panel drifts by

manned transporters. The transporter design is based upon existing

4-wheeled articulated diesel mine vehicles.

The transporter will reverse into the room to the emplacement

location., where the flask doors will be opened and the two containers

placed upon the prepared 1 m thick backfill base. Shielding will be

provided around the transporter operator to ensure protection from the

exposed containers within the room.

Details of the transporter and the emplacement procedure are

shown in Figure 4-11. To meet emplacement schedules and maintenance

considerations, 4 transporters will be required.

4.5.4 Services

4.5.4.1 Ventilation

The underground ventilation system will:

1. Maintain dust concentrations below acceptable levels.

2. Provide the required air volumes for the operation of diesel-

powered equipment, so that concentrations of harmful gases and

particles are kept within regulatory limits.

3. Provide a good underground working environment for all person-

nel, within the limits and standards set for working tempera-

ture, humidity and dust and gas concentrations.
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4. Ensure that any airborne radioactive contamination arising In

an extreme accident is removed in a controlled manner with

minimum risk of exposure to workers.

The use of ventilation for control of thermal effects in the

rock has not been considered in this study.

In general, mining experience has shown that the ventilation

requirements for the operation of diesel equipment will also satisfy

personnel criteria for temperature, humidity and airborne particulates.

The design of the ventilation system has, therefore, been based on the

requirements for diesel equipment operation underground.

The total ventilation supply of 283 m /s is tabulated below by

functional requirement and distribution.

Function E n S ± n e Ventilation
Power Requirement

CkW) (m3/s)

Panel Development 1566 127

Waste Handling 999 80

Backfilling 529 43

Rail Haulage - 10

Service Installations - 23

TOTAL 3094 283

Distribution

Downcast Ventilation Shaft

Main Shaft Group - Upcast in Waste Shaft

Upcast Ventilation ShaftB

Main Drift

Waitte Transport Drifts

Rocr. an-i Backfill Rail Haulage Drifts
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The sequence of operations described in Section 4.4.4 permits

separation of ventilation flows between emplacement and development

activities.

The ventilation flow diagram is shown in Figure 4-12. In the

ventilation intake building over the downcast shaft a single 1081-kW

fan will operate. During wintertime, gas burners will heat the intake

air to 2°C.

Over each upcast shaft, a surface structure will house a dam-

per arrangement, a filter section and an axial flow fan. During normal

operations, exhaust air will bypass the filter chambers and be exhausted

by a fan.

In an emergency condition in which radioactive material might

enter the ventilation airstream underground, bypass dampers will close

and the air will be exhausted through the filter bank. This will con-

sist of medium-efficiency filters and high-efficiency (95%) filters.

Each filter bank, prefilter and high-efficiency filter will be approxi-

mately 12 m wide and 2.3 m high.

For each operating panel, it will be necessary to use auxil-

iary fan installations and ventilation ducts to provide the required

ventilation in the individual rooms. The maximum requirement for ven-

tilation in the individual rooms are identical for panel development,

waste handling and backfilling activities. This is approximately 19 m Is,

governed by the use of an LHD unit and a diesel truck during mucking for

panel development, and by the simultaneous operation in a room of 'the

waste transport truck and emplacement service vehicle. This ventilation

is also desirable in rooms during backfilling to control the concentra-

tion of airborne dust.



4.5.4.2 Compressed Air

Pipe distribution of compressed air will be required throughout

the vault. The main need for compressed air will be for rock bolting,

shotcreting and minor excavations such as the rock and backfill passes

which might be carried out, using air-operated drilling or mucking

equipment particularly, during primary development. The principal rock

excavation drilling will be undertaken using electric-hydraulic jumbos

and will not require a compressed air supply. The surface compressor

station will contain three reciprocating compressors, each rated for
3 2

0.6 m /s at 860 kN/m , driven by 225-kW electric motors.

The distribution system from the compressor station through

the service shaft and along the major drifts will employ st-.iel flange-

bolted pipes. In the panel drifts and emplacement rooms, portable pipes

with quick-couplings will be used. At the collar of each panel in oper-

ation, a water-trap receiver will be installed.

At the central shaft group, a compressed air distribution sys-

tem will be required to the various service installations for the opera-

tion of air tools and equipment.

v.5.4.3 Water

The requirement for water during vault operation will be for

drilling equipment, watering-down of blasted rock before mucking opera-

tions commence, and room preparation using air-water jets for flushing

the excavation faces and floor. The total maximum water demand has been

estimated at 22 L/s.

Water will be supplied from the main surface distribution sys-

tem. In the service shaft, the pipe will be equipped with a pressure-

sensing device and an emergency shutoff valve located at the shaft col-

lar to close in the event of a break in the water pipe in the shaft. A
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pressure-reducing station will be located at the bottom of the service
2

shaft to provide 400 kN/m at points of use. Distribution pipes will

run along each of the five major drifts. For each panel, portable

quick-coupled sections will be used in the panel drifts and the emplace-

ment rooms. As the rooms are completed, these pipes will be removed and

re-used in other rooms.

4.5.4.4 Drainage and Pumping Systems

The requirements for the underground drainage and pumping sys-

tems will be determined by the water inflow into excavated openings from

the surrounding rock formation, and by the consumption of supplied water

in various vault operations. A capacity of 63 L/s has been established

as a minimum pumping requirement to handle these flows.

To ensure that natural drainage will take place through the

entire vault area toward the main shaft group, the major drifts will

slope 0.5% upward from the main shaft group. All panel drifts will

slope 2% down toward the central main drift with the individual emplace-

ment rooms sloping 2% down toward the panel drifts.

The collection sump or basin at the main shaft group will be

sized to provide adequate depth of submergence over the pump suction for

satisfactory hydraulic performance, and to provide an operating volume

which will limit the motor start frequency to not more than once per

hour. Two high-pressure multistage cartridge-type centrifugal pumps,

each rated to deliver 63 L/s against the system design head, will be lo-

cated in a dry-sump arrangement adjacent to the collection sump. Normal

operation will consist of one pump operating under start-stop level con-

trol from the collection sump, with the second pump functioning as a

standby unit. However, these pumps will be capable of simultaneous

operation in the event of high inflow to the collection sump. Discharge

piping from the pump to the surface will be installed in the service

shaft.
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On the surface, the pumped mine water will be discharged into

a settling pond. Routine sampling and monitoring will be undertaken for

the detection of radioactive contaminants in the drainage water. If an

unacceptable level of radioactivity is detected in the drainage water,

mine water discharge will be redirected to an emergency holding pond on

the surface. The point of inflow of the radioactive drainage water into

the collector ditch in the rock rail haulage drift will be located, and

the contaminated water redirected into an emergency drainage pipe perma-

nently installed along the wall of the rock rail haulage drift. The

standby pump and spare discharge pipe will be used for segregated pumping.

4.5.4.5 Power System

The main underground distribution will be through two 13.8 kV

cables, one located in the service shaft and the other in one of the up-

cast shafts, and two 13.8 kV cables running the length of the centre

main drift. The rating of each of these cables will be sufficient that

either shaft cable and either main drift cable will be able to supply

the entire underground load.

The drainage pumps, skip hoists, downcast fan and backfill

blower will operate at 4.16 kV. Most of the other AC loads will operate

at 600 V. Power for stationary loads will be provided from distribution

boards located on the surface near the service shaft and one of the up-

cast shafts, and underground near the ends of the main drift. Power to

the mobile loads will be provided by portable power centres to be loca-

ted in the panel drifts. The power for the locomotives at each level

will be provided by three 500 VDC rectifiers connected to each end and

the centre point of the trolley cables.

In all main and panel drifts, lighting will be provided by

high-pressure sodium vapour fixtures, spaced at 50-m centres. Illumi-

nation for the emplacement rooms will be provided by portable flood-

lights.
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In case of failure of the main power distribution system, a

diesel-powered generator will automatically provide temporary power to

critical surface and underground installations such as the service cage,

waste hoist and handling system, main fans, and underground drainage

pumps.

4.6 BACKFILLING AND SEALING

Backfill material within the vault will serve three principal

purposes:

1. Act as a relatively impermeable barrier to the flow of water

in both the rooms and drifts.

2. Provide a geochemical buffer for sorption of leached radio-

nuclides, primarily in the emplacement rooms.

3. Serve as a conductive medium for the transfer of heat from the

container to the surrounding host rock within the emplacement

rooms.

The overall sealing of the vault will o>e a function of the na-

ture of the interface area between the rock and backfill. Room prepara-

tion will therefore be necessary, to ensure that the permeability of

this area is satisfactory relative to the backfill and rock permeability

properties.

Because of the requirement for containers to be completely

surrounded by backfill and to permit retrieval, if required, for a pe-

riod of 20 years after completion of emplacement, the backfill will be

placed in the room in three stages.

1. Initial 1.0-m thick backfill layer to form container emplace-

ment base.
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2. Placing of backfill around and to a depth of 1.0 m above

containers.

3. Completion of room backfilling.

Backfilling and sealing of shafts and drifts is scheduled to

begin in 2100 and be completed by 2105.

Preparation of the room for container emplacement will re-

quire:

1. Cleanup of loose material from the floor, walls and roof of

the room.

2. Geological mapping of the rooms.

3. Testing and remedial work on significant fractures.

4. Placing initial 1.0 m layer backfill using LHD units and

wheeled compactor-bulldozer.

For the purposes of the conceptual design study, it has been

assumed that only natural materials will be used for backfill. In addi-

tion, the use of as much excavated rock as possible has been incorporated.

The proposed backfill consists of:

crushed rock coarse aggregate - 55%

pit run sand and gravel fine aggregate - 35%

bentonite clay - 10%.

The surface backfill preparation plant is described in Section

3.2.4. Blended fine and coarse aggregates will be delivered via a pipe

in the service shaft to a bin at the backfill rail-haulage level. The
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bentonite will not be added to the backfill until immediately before

emplacement. The aggregates will be transported in the rail-haulage

drift to the backfill passes.

Placement of backfill around the containers and final back-

filling will employ a pneumatic method, shown in Figure 4-13. Bentonite

will be blended with the aggregates at the mixer. Water will be added

to the backfill at the nozzle to ensure placement at a satisfactory

moisture content. The placement machine will be electric-powered to

eliminate the need for refuelling in the emplacement room. Shielding

will be provided for the operator during the second stage of backfill-

ing. The 1-m layer of backfill over the containers will be sufficient

to ensure shielding during final room backfilling.

All drifts will be backfilled using a similar system.

Shaft sealing may require breaking out the concrete lining at

selected locations to ensure intimate contact between the backfill and

rock. Pneumatic or mechanical methods may be used for placement and

compaction.



TABLE 4-1

SPECIFIED THERMAL AND MECHANICAL CONSTRAINTS FOR VAULTS

Geometric Region
of v'ault

Container

near field

Room and
piilar

Far field

Thermomechanical Constraint

Container skin temperature

Container cavity stability

Near-field rock mass stability

Backfill volume - average
temperature

Roof and rib failure/support

Integrated average of strength-
stress ratio in pillar

Sustained long-term temperature

Rock mass stability and
deformation

Ground surface movement

Allowable Magnitude

150°C

(135 K rise)

open and stable hole

not supported

100 °C
(85 K rise)

conventional rock-
bolting requirements

> 2

not applicable

negligible irreversible
deformation and per-
turbed fissure zone
< 100 m deep

comparable to long-term
regional movements
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FIGURE 4-6: PANEL DEVELOPMENT AMD ROCK EXCAVATION SYSTEM
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5. COSTS AND MANPOWER REQUIREMENTS

5.1 COSTS

5.1.1 Basis for Cost Estimates

The basis for estimating the costs of both the surface facili-

ties and the underground vault is summarized below:

1. All costs are expressed in 1979 January Canadian dollars.

2. The centre was assumed to be located 300 km from a major urban

centre and within daily commuting distance of a town capable

of housing all employees.

3. It was assumed that construction of the centre would be car-

ried out by contractors and that the owners would erect a con-

struction camp to provide board and lodging for all construc-

tion personnel.

4. There is no allowance for the operating costs of the demon-

stration vault.

5. For major cost items, such as buildings, shafts, etc., de-

tailed estimates of labour, equipment capital, equipment oper-

ating, supply, services and overhead costs were prepared.

6. For less important cost items, such as minor buildings and

services, the estimate was based on unit cost statistics and

comparisons with existing similar installations.

7. Interest charges during construction have not been included in

the budget cost estimates.
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5.1.2 Surface Facilities

The capital cost estimates for the surface facilities are

shown in Table 5-1. The total direct costs of constructing the facili-

ties and associated services would be $154 million. Indirect costs,

which include construction indirects, engineering, administrative, over-

heads, and taxes, would amount to $44 million, for a total estimated

capital cost of $198 million. Including a contingency of 20%, the bud-

get capital cost would be $237 million or $0.71/kg U.

It should be noted that the estiirate for the headframe storage

cell includes only the cost of the cell, associated equipment and oper-

ating galleries. The balance of the waste-shaft headframe is included

in the vault costs. The first year's operating supplies include one

year's supply of lead and miscellaneous supplies, but only one month's

supply of containers.

The annual operating costs of the surface facilities (.at full

capacity) are estimated to be $151 million/a (Table 5-2). The total es-

timated lifetime operating cost would be $4 651 million and, including a

contingency of 22.5%, the total budget lifetime operating cost would be

$5 698 million or $17.06/kg U. The cost of containers accounts for 64%

of the lifetime operating cost, and the lead represents an additional 23%.

The cost to decommission the surface facilities is estimated

to be approximately $10 mil1.- on, and the cost to provide surveillance

ard security until filial decommissioning of all surface facilities would

be approximately $0.65 million/a. It might be possible to provide this

annual sum by establishing a security and surveillance fund of $6.5

million.

The cash flow for the surface facilities is presented in Table

5-3.
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5.1.3 Vault

The capital cost estimates for the vault are given in Table

5-4. The LOtal direct capital cost of the vault and associated struc-

tures and services would be $188 million. Indiiect costs would amount

to $24 million, for a total estimated capital cost of $212 million.

Including a contingency of 20%, the total budget capital cost for the

vault would be $254 million or 0.76/kg U.

It should be noted that the costs incurred during exploration

and demonstration (Phase I, 1984 - IS!?1'"; -rd during primary development

(Phase II, 1993 - 1999) have been capitalized. Initial purchase and re-

placement of major equipment has been capitalized during panel develop-

ment and emplacement (Phase III, 2000 - 2034) and during decommissioning

(Phase IV, 2035 - 2105).

The annual operating costs of the vault are shown in Table

5-5. The total estimated lifetime operating cost of the v£ult, in-

cluding an administrative overhead of 20%, would be $1 073 million. In-

cluding a contingency of 22.5%, the total budget lifetime operating cost

would be $1 314 million or 3.93 kg U. All expenditures in phases III

and IV are considered to be operating costs with the exception of ini-

tial and replacement purchases of major equipment. For th- panel devel-

opment, emplacement, backfilling, maintenance and decommissioning phases,

the rates for various job classifications were set at approximately the

same level as those used in the uranium mines in the Elliot Lake area.

These rates include all fringe benefits, vacation pay, shift work com-

pensation and bonuses where applicable.

The cash flow for the vault is presented in Table 5-6.
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5.2 MANPOWER

5.2.1 Surface Facilities

It is estimated that the construction work force for the sur-

face facilities would peak at approximately 350 people during the first

construction phase, and at about 150 peo; le during the second phase.

The operating personnel requirement would be 253 people from startup to

2008, while only one production line is operating. When the second pro-

duction line begins operating in 2009, the number of operating personnel

would increase to 321. This staff could operate the surface facilities

7 days per week, 24 hours per day, as well as perform routine maintenance.

Major overhauls would be performed by outside contractors. A breakdown

of operating personnel, by skill levels, is shown in Table 5-7.

5.2.2 Vault

The vault development and operation manning schedule is sum-

marized in Table 5-8.

During initial access and demonstration (Phase I) and primary

development (Phase II), the requirements fluctuate considerably. The

estimates shown are approximate and will be subject to smoothing during

the planning stages. It has been assumed that a contractor will perform

the work with some supervision by the owner's staff. Staff requirements

for the demonstration project have not been included.

The peak level during Phase 1 will be in the range 60 - 120.

The peak in Phase II will be in the range 300 - 400.

During panel development and emplacement (Phase III) the staff

will increase to a level of 250 - 300 for a 35-year period. A breakdown

of skill levels is shown in Table 5-9. The manpower skill levels dis-
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tribution in Phase III is only approximate, but is included to indicate

the mix and the opportunities for local labour, in terms of training and

experience requirements, for the main vault operation.

The levels during the maintenance periods of Phase IV will be

only about 10% of those during Phase III, and possibly as few as 20

people will be required.

The backfilling operation in the period 2055 - 2061 is esti-

mated to require 150 - 200 personnel, and 120 - 150 personnel will be

needed during the vault sealing operation in 2100 - 2105. These acti-

vities oould be extended in duration ir. order to spread the labour

demand and minimize peaking.
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TABLE 5-1

SURFACE FACILITIES CAPITAL COST

(1979 January Canadian Dollars)

Item

Direct Costs

Site, Related Work and Equipment

Site-Related Services - Inactive

Site-Related Services - Active

Fuel Immobilization Building

Ventilation Exhaust Building

Headframe Storage Cell

Auxiliary Buildings

Site Selection, Environmental and
Safety Assessment

First Year's Operating Supplies

TOTAL DIRECT COST (TDC)

Indirect Costs

Construction Indirects
(10% of TDC)

Engineering (12% of TDC)

Administrative Overhead (1.75% of TDC)

Taxes (5% of TDC)

TOTAL INDIRECT COST

TOTAL ESTIMATED CAPITAL COST

Contingency (20%)

TOTAL BUDGET CAPITAL COST (T3C)

9

9

8

83

1

4

12

6

17

15

18

2

7

Total
($ x 1000)

880

586

417

394

618

141

717

000

780

354

424

687

677

1J3

44

197

39

237

533

142

675

535

210
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TABLE 5-2

SURFACE FACILITIES ANNUAL OPERATING COST

(1979 January Canadian Dollars)

I T E M

Containers
($12 000 each)

Lead ($0.82/kg U)

Salaries
($24 000/a/person)

Operating Supplies
(10% of salaries)

Building and Equipment
Maintenance (1%)

Mobile Equipment
Maintenance (5%)

Taxes and Insurance
(2.57. of TBC)

Electricity

Coal

ANNUAL OPERATING COST

* **
2000 - 2008 2009 - 2034

$ x 1000/a $ x 1000/a

48 600 97 200

17 173 34 346

6 072 7 704

607 770

981 1 264

55 58

4 117 4 942

2 075 2 964

1 159 1 656

80 839 150 904

TOTAL ESTIMATED LIFETIME OPERATING COST $4 651 million

CONTINGENCY (22.5%) $1 047 million

TOTAL BUDGET LIFETIME OPERATING COST $5 698 million

* 4050 containers/a

** 8100 containers/a
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TABLE 5-3

ANNUAL CASH FLOW FOR SURFACE FACILITIES

(1979 January Canadian Dollars, no financing charges,

including contingencies)

Year

1996
1997
1998
1999
2000
2001
2002
2003
200^
2005
2006
2007
2008
2009
2010
2011
2012

1
2032
2033
2034
2035
2035
2036

I2044

Capital
Expenditures
($ million)

35
63
68
31

11
19
10

Operating Costs
($ million)

99
99
99
99
99
99
99
99
99
185
185
185
185

185
185
185

Others
($ million)

10*
0.65**
0.65**

0.65**

* Decommissioning of process plant.

** Surveillance and security cost.
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TABLE 5-4

VAULT CAPITAL COST

(1979 January Canadian Dollars)

Phase

I

II

III

IV

I T E M

Direct Costs

Initial upcast shafts and ventilation

Exploration and initial development

Service shaft

Downcast shaft

Primary and auxiliary ventilation

Waste shaft

Major drifts

Underground services

Waste handling installations

Backfill plant

Panel development

Waste handling

Backfilling

Room sealing

Vault sealing

TOTAL DIRECT COST

TOTAL INDIRECT COST

TOTAL ESTIMATED CAPITAL COST

CONTINGENCY (20%)

TOTAL BUDGET CAPITAL COST

Total
($ x 1000)

10 860

9 548

26 027

5 400

3 444

8 630

40 514

9 450

4 200

4 200

22 092

18 970

8 946

7 672

7 672

187 625

24 392

212 017

42 403

254 420



TABLE 5-5

VAULT ANNUAL OPERATING COST

(1979 January Canadian Dollars)

Phase I T E M

III Panel development

Waste handling

Backfilling

Underground s.ervices

Subtotal

IV Maintenance and monitoring

Room sealing and services

Vault sealing and services

Subtotal

Total Annual Base Cost

TOTAL ESTIMATED LIFETIME OPERATING COST

CONTINGENCY (22.5%)

TOTAL EUDGET LIFETIME OPERATING COST

1999

4 176

4 176

_

4 176

Phase

2000-2008

4

1

4

5

15

15

176

218

176

672

242

_

242

III

Typical Annual Base Cos

2009-2033

5

1

7

5

19

19

794

375

134

672

975

_

975

2034

1 299

7 134

5 672

14 055

_

14 055

2035-2054

-

870

870

870

$1 073 million

$ 241 million

$1 314 million

t ($ x 1000)

Phase IV

2055-2060

-

36 497

36 497

36 497

2061-2099

-

870

870

870

2100-2105

-

24 578

24 578

24 578
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TABLE 5-6

CASH FLOW FOR VAULT

(1979 January Canadian Dollars, no financing charges,

including contingencies)

Phase Year

1 1984
1985
1986
1987
1988
1989
1990
1991
1992

Phase I Subtotal

II 1993
1994
1995
1996
1997
1998
1999*

Phase II Subtotal

III 1999*
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014

($ x 1000)

Capital

6 412
3 750
4 864
5 351
3 347
3 349
200
200
200

27 673

1 000
8 528

13 100
26 198
33 068
30 325
25 910

138 129

10 270

9 511

14 504

Operating

-
-
-
-
-
-
-
-

-

_
-
-
-
-
_
-

-

5 116
18 672
18 672
18 672
18 672
18 672
18 672
18 672
18 672
18 672
24 470
24 470
24 470
24 470
24 470
24 470

Total

6 412
3 750
4 864
5 351
3 347
3 349
200
200 1
200

27 673

1 000
8 528
13 100
26 198
33 068
30 325
25 910

138 129

15 386
18 672
18 672
18 672
18 672
18 672
28 183
18 672
18 672
18 672
24 470
38 974
24 470
24 470
24 470
24 470

* Note overlap of Phases II and III in 1999.
continued.
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TABLE 5-6, concluded

Phase Year

2015
2016
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034

Phase III Subtotal

IV 2035-2054
2055
2056-2060
2061-2099
2100
2101-2105

Phase IV Subtotal

Decommissioning*

TOTAL ALL PHASES

($ x 1000)

Capital

9 511

14 504

9 511

67 811

_

10 403
-
-

10 403
-

20 806

2 105

254 419

Operating

24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
2.', 470
17 218

802 132

1 066 x 20
44 708
44 708 x 5
1 066 x 39

30 107
30 107 x 5

511 784

1 313 916

Total

33 981
24 470
24 470
24 470
24 470
38 974
24 470
24 470
24 470

24 470
33 F81
24 470
24 470
24 470
24 470
24 470
24 470
24 470
24 470
17 218

869 943

Total in
Period

21 320
55 111
223 540
41 5 74
40 510
150 535

532 590

12 500

1 568 335

Cost of decommissioning: Backfill prepara '.on plant, headframes and
other buildings directly associated with the vault operation.
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TABLE 5-7

SURFACE FACILITIES OPERATING PERSONNEL

SKILL LEVEL DISTRIBUTION AT FULL CAPACITY

Professionals

Technical

Trades

Clerical

TOTAL

18

165

121

17

321
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TABLE 5-8

VAULT MANPOWER LEVELS SCHEDULE

Phase

I

III

II

IV

Time

1984-1992

1993-1999

1999

2000-2008

2009-2033

2034

2035-2054

2055-2061

2062-2099

2100-2105

Administration
and Supervision

25

35

19

69

91

64

6

50

6

45

Operation

55

305

46

169

221

156

8

150

8

105

Total

80

340

65

238

312

220

14

200

14

150

All estimates are approximate.
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TABLE 5-9

VAULT MANPOWER SKILL LEVEL DISTRIBUTION

DURING PHASE III OPERATIONS

Professionals

Skilled Trades2
3

Semiskilled

Laborers

TOTALS

Staff

25

60

6

91

Labour

71

120

30

221

Total

25

131

126

30

312

1. Management, engineering, geological and other professionals

2. Mining, mechanical and waste handling technicians and
supervisors with several years training and experience

3. Mining and mechanical equipment operators possibly
trained on the job

4. General laborers starting without previous training or
experience
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6. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

6.1 SHMMAiv/ AND CONCLUSIONS

6.1.1 General

This study has developed a conceptual design of a centre to

immobilize irradiated fuel and dispose of it in an underground vault.

The principal facilities and equipment have been identified, construc-

tion and operation schedules developed to meet the project milestones,

and cost estimates prepared.

The study shows that the concept is feasible, and that no

technological breakthroughs are required to bring the centre into com-

mercial operation.

The quantities of irradiated fuel which could be immobilized

in the proposed centre are those which would arise from an optimistic

projection of nuclear generation in Canada to the year 2015 using a once-

through fuel cycle. However, the design of the centre is such that it

can readily be adjusted to suit other scenarios.

It must be emphasized that immobilizing the fuel by lead in-

vestment and emplacement in backfilled rooms in the vault is not neces-

sarily the best approach to fuel disposal. It was selected as a refer-

ence case on which to base this study, but other methods may be found

to be as good, or better. The designs of facilities and equipment

evolved throughout the study have not been optimized, but are offered

only as a possible design concept based on the stated assumptions ?nd

constraints. This concept can then be used as a basis for planning and

preliminary safety analyses. Other design options will be studied in

the coming years.
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6.1.2 Technical Feasibility

It has been shown that the design concept proposed for fuel

immobilization is feasible. However, a detailed study of each operation

is required for optimization.

This study has suggested that personnel exposure to radiation

should be minimal, since the irradiated fuel is at least 9-years-cooled

and is handled in shielded hot-cel]s or in shielded flasks. In addition,

the expected releases of radionuclides to the environment have been

shown to be very small. In general, this is due to the age of the fuel,

the simplicity of the operations, and the absence of any processes to

alter the fuel either physically or chemically. For the same reasons,

neither security nor safeguards requirements are expected to be complex.

If either the age or burn-up of the reference fuel, or the processes to

which it is subjected, are altered, these topics may have to be re-

investigated.

The shafts, hoists and underground facilities can be con-

structed using state-of-the-art mining technology. The influence of

heat generation by the irradiated fuel on rock stability (granite or

gabbro) has been kept at acceptable levels through the selection of ap-

propriate container spacing, room-and-pillar design and vault layout.

Container skin and room temperatures can also be constrained

never to exceed the specified design maximum of 100°C. However, the

container and backfill temperatures remain in the range of 75° to 90°C

for about 10 000 years before they drop significantly.

Underground immobilized fuel handling, emplacement and room

backfilling can be done using straightforward adaptations of standard

mining materials handling equipment. Radiation exposures during hand-

ling can be kept within allowable limits.
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The thermal-rock mechanics analyses have provided detailed

predictions of the initial state, transient thermal effects and non-

linear rock, response and failure. Parametric studies of key parameters

have demonstrated the adaptability of the concept to suit actual rock

conditions and properties.

6.1.3 Schedules

The operating schedule for the surface facilities requires

construction to commence in 1996 and fuel immobilization to start at

half capacity (4050 containers/a) in 2000. This would allow emplacement

of waste containers at half capacity (4050 containers/a) in the same

year. The throughput of surface facilities would be increased to full

capacity (8100 containers/a) in 2009. Fuel immobilization and emplace-

ment would be complete in 2034.

The initial shafts and underground facilities should be con-

structed in the period 1984 to 1987 to allow demonstrations to commence

in 1988. Adequate time must be allowed prior to construction for bids,

planning, detailed engineering, mobilization and equipment procurement.

The main vault construction should begin in 1994 if emplace-

ment is to commence in 2000. Six years are available for demonstrations

before starting the main vault development for this particular scenario.

The room and panel development, fuel emplacement and backfilling opera-

tions can be scheduled to suit the fuel immobilization rates. Consid-

erable flexibility in operating rates is available.

The final room backfilling and vault decommissioning opera-

tions, which, for the purposes of this study, are planned to commence in

2055 and 2100, respectively, can be scheduled at various rates to suit

the available resources. Durations of 5 to 10 years appear realistic.
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6.1.4 Cost Estimate

The capital and operating costs for the centre are summarized

in Table 6-1.

The capital cost of the surface facilities is estimated at

$237 million ($0.71/kg U), while operating costs are estimated at

$5 698 million ($17.06/kg U), resulting in a total of $5 935 million

($17.77/kg U).

The capital cost of the vault is estimated at $254 million

($0.76/kg U) and operating costs at $1 314 million ($3.93/kg U), re-

sulting in a total of $1 568 million ($4.69/kg U).

The total centre cost is therefore estimated to be $7 503

million ($22,46/kg U). An estimated additional $29 million ($0.09/kg U)

will be required for subsequent decommissioning, security and surveil-

lance of the facility, making a total lifetime cost of $7 532 million

($22.55/kg U). This cost is distributed over irradiated fuel arising

from the generation of 16 x 1(

therefore, is 0.47 mlls/kW-h.

12
from the generation of 16 x 10 kW-h of electricity. The unit cost,

The cost of containers was found to be the most significant

component of the cost of immobilization. The second most important fac-

tor was the cost of lead. If the cost of containers could be reduced by

a factor of three (e.g., fabricate containers from carbon steel rather

than stainless steel), the unit cost for the services of the surface

facilities would be reduced by 41%. If all other costs remained the

same but the need for fuel investment was eliminated, the unit price

would decrease by 22%.

It has been assumed in this study that irradiated fuel will

arrive at the centre in Ontario Hydro-type 96-bundle shipping modules

and that the fuel will be transferred from the modules into 72-bundle



- 95 -

disposal containers. If a combination storage/shipping/disposal con-

tainer is eventually developed, the amount of bundle handling would be

substantially reduced. This cost saving would, however, be very small

compared with the effects of any change in the cost, of containers.

6.1.5 Manpower Requirements

Figure 6-1 shows the total manpower requirements for construc-

ting and operating the complete disposal centre.

The surface facilities construction labour force will be built

up to a maximum of 350 during the period 1996 - 2000. The vault con-

struction labour force will peak at 400 during the same period. The

total construction labour force will, therefore, be approximately 750

and will be primarily contractor personnel.

The surface facilities operating staff will peak at 321 during

the period 2000 - 2034. The vault operations staff will peak at 300 in

this period, resulting in a combined total peak of about 620 on site.

Of this number approximately 70% will be required at the site for the

full operating period 2000 - 2034.

6.2 RECOMMENDATIONS

This study has developed a conceptual design of an irradiated

fuel disposal centre and, in so doing, has identified several areas

where further effort is required during the concept assessment phase.

These are primarily questions having major impacts on the design concept

and its feasibility. Optimization requirements have not been identified

except in certain key instances.
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6.2.1 Surface Facilities

1. It has been shown that the costs of the prefabricated containers

and lead collectively represent 68% of the total life-time

cost of the surface facilities. Therefore, both the design of

the container and the need for and design of the inner barrier

(lead envelope) must be investigated in greater detail. The

performance criteria for the container must be established, in

the light of the service it will see (e.g., disposal only, or

storage, shipping and disposal), its shape and capacity, the

required life of the inner and outer barrier, and the design

environment in the vault.

2. This study has identified the processes and operations which

may be performed on irradiated fuel to prepare it for disposal

in the underground vault. Each of these operations should be

investigated in greater detail and optimized. In particular,

bundle handling, fuel immobilization, remote automatic welding

and testing, inspection of the inner barrier, and integrated

container handling throughout the surface and underground

operations need to be studied carefully.

3. Future effort might usefully be directed to investigating the

various storage alternatives as they apply specifically to the

centre.

6.2.2 Vault

1. Further construction scheduling studies of the primary devel-

opment phase should be undertaken to attempt to reduce the

construction time prior to emplacement.
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2. Safety analyses of the reference and other irradiated fuel

handling concepts should be made to establish optimum trade-

offs between shielded and unshielded handling underground.

Analyses should be made of accident scenarios in terms of

handling, ventilation and filter systems.

3. The development of specially adapted backfilling methods to

allow for operation in the radiation fields in the emplacement

rooms is important and will benefit from development work.

4. Backfilling and sealing methods for the shafts should be de-

veloped in detail once the material properties, shaft liner

and rock response in the hydrogeological system have been

established.

5. The acceptability of drill-and-blast excavation methods for

the emplacement rooms versus possible tunnel-boring machine

methods should be assessed, with particular attention to the

effect of the blast-fractured zone on hydrogeology.

6. Cost benefit analyses of the bentonite content of the backfill

should be made, in view of its high cost.

7. In-situ geochemical data is required to confirm assumed con-

ditions and properties such as in-situ stress, geothermal

regime, joint patterns, etc.

8. Laboratory, analytical and in-situ tests are required to con-

firm the thermal-rock mechanics response of the rooms and the

backfill. The long-term potential for creep-rupture around

the room periphery requires further assessment in terms of its

impact on groundwater flow in the vault zone.
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9. Studies and tests are required 10 verify the maximum alJowable

long-term backfill temperatures.

10. The far-field thermal-rock mechanics criteria should be more

rigorously defined.
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TABLE 6-1

COST SUMMARY WITH NO FINANCING CHARGES

(1979 January Canadian Dollars)

SURFACE FACILITIES

CAPITAL

OPERATING

VAULT

CAPITAL

OPERATING

Total Capital

Total Operating

Decommissioning, security, and
surveillance

TOTAL

Cost

$ x 1000

237 210

5 697 534

254 420

1 313 916

491 630

7 011 450

29 000

7 532 080

$/kg U

0.71

17.06

0.76

3.93

1.47

20.99

0.09

22.55
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FIGURE C-J: MANPOWER PROJECTIONS FOR THE IMMOBILIZED FUEL DISPOSAL CENTRE
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APPENDIX A

BIBLIOGRAPHY OF SUPPORTING STUDIES
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47 Irradiated Fuel and Immobilized Waste Vaults: Design Specifica-
tion and Scope of Work

48 Irradiated Fuel and Immobilized Waste Vaults: Preliminary
Design Concepts

49 Irradiated Fuel Vault: Container Near-Field Thermal-Rock
Mechanics Analyses

50 Irradiated Fuel Vault: Room and Pillar Thermal-Rock Mechanics
Analyses

51 Irradiated Fuel Vault: Far-Field Thermal-Rock Mechanics
Analyses
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APPENDIX B

THERMAL ROCK MECHANICS

B.I INTRODUCTION AND OBJECTIVES

The objective of the thermal rock mechanics study was to es-

tablish criteria for use in the conceptual design studies for the vault.

Specifically, this required establishing the acceptable thermal loadings,

within the limitations of the specifications and design options.

For the purpose of this study, the vault area was divided into

three regions.

1. The container (near-field) region, which includes the back-

filled cavity and the volume of rock along the room and pil-

lar, and extends from the room floor to a few metres below the

container

2. The room-and-pzllar region, which includes the rock mass in

the room-and-pillar unit, and extends to several room dia-

meters both above and below the room

3. The far-fi '.Id region, which extends vertically from the sur-

face to two or more times the vault depth below the level of

the vault, and horizontally to at least a vault's length be-

yond the edges of the vault.

Specified thermal and mechanical constraints for these regions

are summarized in Table B-l.
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Preliminary layouts were developed before undertaking the

thermal-mechanical analyses. The arrangements were based primarily on

constructional and operational considerations, with individual panels

400 m wide by 800 to 1400 m in length.

The design was such that modifications to the thermal loadings

can be achieved by varying the spacing of the rooms (extraction ratio)

or by varying the spacing of the containers along the room (pitch). Re-

visions to capacity requirements may be met by the extension of panels

or addition of further panels. The transverse spacing and the number of

containers across the room were fixed for these studies.

During the far-field analyses, the development of a perturbed

fissure zone (defined as the zone of rock where existing fissures will

be opened by the action of tensile stresses) was noted. For the purposes

of this study, the acceptable depth of the zone was limited to 100 m.

Although the reference long-term sustained average temperature

in the vault was specified as 75°C, the effect of allowing this tempera-

ture to rise to 100"C or 125°C was also examined.

B.2 MATERIAL PROPERTIES

The thermal and mechanical properties used in this study are

summarized in Table B-2.

Two specific rock types, granite and gabbro, were considered.

These were differentiated by differences in their thermal conductivity

and coefficient of thermal expansion. For the room-and-pillar analyses,

the effect of variation of rock strength was also examined.
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The vertical in-situ stress in the models was assumed to re-

sult from gravitational load only. The horizontal stress was taken as
/•o -I \

a function of depth, based on the work of Herget ' , and equal to 1.5

times the vertical stress at a depth of 1000 m. The geothermal gradient

was assumed to be 15 K/km, with an average surface temperature of 0°C.

Detailed data on the geometry of rock-jointing in plutons of

the Canadian Shield are not available. For this study, three models

have been used.

1. Unjointed Rock Material - representing the upper end of the

range of strength of rock masses.

2. Ubiquitously-Jointed Model - two vertical sets and one hori-

zontal set wore assumed over the entire rock mass, repre-

senting the lower end of the range of rock mass strength.

3. Blast-Fractured Zone/Discrete Joint Models - used in the room-

and-pillar analyses as being a reasonable approximation to

anticipated conditions.

For the two-dimensional plane-strain rock mechanics analyses,

a linear Mohr-Coulomb failure criterion was used for both t.ie intact

rock and joints. In addition, a "no tension" criterion was employed in

all the analyses. "No tension" modelling involves reversing any tensile

forces arising during the analyses and transferring these forces to ad-

jacent rock. This procedure is repeated until no tensile stresses re-

main. This load transfer mechanism is described in detail by Zienkie-

wicz<B-2>.

In each region, the ratio of available she ir strength to shear

stress was computed for both intact rocks and joints, and expressed as
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the "strength ratio". Regions with strength ratios of unity represent

zones of strength failure. Areas of the models in which the "no ten-

sion" criterion was applied have been referred to as a "perturbed fis-

sure zone". These represent areas in which exi3ting fractures may be

opened.

B.3 GENERAL CONSIDERATIONS

The thermal-rock mechanics analyses of the three regions of

the vault were performed using two-dimensional finite-element models and

the material properties listed in Table B-2.

A matrix of the important variables (extraction ratio, pitch

and panel thermal loading (PTL) for near-field and rcom-and-pillar anal-

yses, or gross thermal loading (GTL) for far-field analyses) was used to

define the required thermal analyses. The heat-generation characteris-

tics of the irradiated fuel are given in Figure. B-l. The extraction ra-

tio, pitch and PTL satisfying the thermal constraints for all three re-

gions of the vault were chosen for the subsequent rock mechanics analyses.

All analyses considered both granite and gabbro as potential host rocks.

It was recognized that a complete parametric analysis of the

vault alternatives would be time-consuming and expensive. At the pre-

sent conceptual stage of design, such studies could not, therefore, be

justified. Some parameters, such as backfill temperature and container

skin temperature, were limited by maximum values in the specification,

Other parameters, such as the depth of the perturbed fissure zone and

the long-term sustained temperature, were developed as restrictions du-

ring the analyses. Parameters such as room dimensions, numbers of con-

tainers, spacing across the room and minimum pitch were set at the pre-

liminary layout study stage.
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A hierarchy of constraints and restrictions was, therefore,

established for the analyses.

The first level was represented by the geometric restrictions

which were delineated during the preliminary layout study stage. Thus,

only layouts which satisfy these geometric restrictions were considered

for analysis.

The second level was represented by thermal constraints such

as container skin temperature and average backfill temperature. Thermal

analyses were undertaken, and combinations of pitch and extraction ratio

which satisfied the thermal constraints were defined. These analyses

were undertaken primarily with the container near-field and roora-and-

piliar models.

The third level, stress and deformation constraints and re-

strictions, required nonlinear-coupled thermal-mechanical analyses of

the three vault regions. Because of the complexity, it was advantageous

to limit the number of these analyses. Therefore, only combinations of

pitch and extraction ratio which satisfied the thermal constraints were

selected for the thermal-mechanical analyses.

Examination of the proposed layout indicates that, to achieve

the same GTL, reducing the extraction ratio would be less expensive than

increasing che pitch. The former requires lengthening the limited num-

ber of panel drifts, but the latter requires lengthening all rooms. The

thermal loadings used satisfied all thermal and thermal-mechanical spe-

cified constraints, as well as the restrictions developed in the course

of the study.
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B.4 ANALYSES OF THE VAULT

B.4.1 Container Near-Field

The thermal analyses used a combination of single-container

(axisymmet-ric) and room-and-pillar (two-dimensional vertical section)

finite-element models, in order to determine thermal loadings compatible

with the container skin temperature criterion of 150°C maximum.

Preliminary analyses showed that convective and radiative heat

transfer across the partially-backfilled room could be satisfactorily

simulated using an equivalent conductive medium. This permitted the use

of superposition methods to determine skin temperatures for a variety of

extraction ratios and pitches. In this method, the container mid-plane

radial temperature distribution is determined from a finite-element mod-

el of an idealized single container in an infinite medium. The tempera-

ture in a field of multiple containers is then determined by summation

of temperature rises from contributing containers.

The allowable ranges of extraction ratio and pitch for granite

are shown in Figure B-2. This shows that the physically imposed minimum

container-spacing constraint of 1.5 m is the governing criterion up to a

PTL of 35 W/m , equivalent to an extraction ratio of 36%. For higher

extraction ratios, the container skin temperature constraint of ]50°C is

the governing criterion.

The allowable ranges of extraction ratio nnd pitch for gabbro

are shown in Figure B-3. This has a similar foim to that for th^ gran-

ite, except that the minimum container-spacing constraint only governs
2

up to a PTL of 15 W/m , equivalent to an extraction ratio of 15%. For

greater extraction ratios, the container skin temperature constraint of

150°C governs. The lower allowable PTL's for gabbro are due to its

lower thermal conductivity relative to that of granite.
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Thermal-mechanical analyses were made for stresses on the con-

tainer using available closed-form solutions employed in geotechnical

engineering. During the 20-year period of partial backfilling, the max-

imum horizontal stress was estimated as being equivalent to about 18 kPa.

Loads due to equipment operating on the backfilJ were not included.

Following completion of backfilling, the stress rise in the backfill,

due to the thermal expansion of the contained water, would be very sen-

sitive to the backfill elastic properties and permeabilities of the

walls of the room. The analyses indicated that partial saturation of

the backfill will be beneficial in reducing stresses on the container,

since the backfill bulk modulus decreases rapidly as the degree of satu-

ration decreases from 100 percent.

A plot of backfill pore-water pressure as a function of time

is shown in Figure B-4. For preliminary container design considera-

tions, it is recommended that a maximum backfill pore-water pressure of

9800 kPa be used. Mechanical pressures due to backfill and rockfalls

should be aiided if considered significant.

B.4.2 Room and Pillar

The criteria addressed by the room-and-pillar models were:

1. Maximum volume averaged backfill temperature to be 100°C.

2. Rcom and pillar stability to be achieved by conventional

mining procedures.

3. Average pillar strength ratio to be greater than 2.

The effects of limiting the sustained vault temperatures to

75°C, 100°C, and 125°C were not examined in detail in these analyses,

but were covered by the far-field analyses (see Section £.4.3).
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Parametric thermal analyses were performed up to 50 000 years

after emplacement using a matrix of the design variables: extraction

ratio and pitch. Two operating sequences were considered.

1. Partial backfilling after emplacement and complete backfilling

after 20 years, without consideration of ventilation cooling.

2. Partial backfilling after emplacement and ventilation cooling

of the room from 20 to 30 years, with complete backfilling at

30 years.

The latter sequence was considered to investigate an extreme

case cf the effects of ventilation cooling for access (possibly for

backfilling, inspection or retrieval) on the rock response.

Two broad peaks of the volume average temperature rise of the

backfill were obtained for both operating sequences. The first peak

occurred at 20 to 50 years, with the second peak at 10 000 years (Fig-

ures B-4 and B-5). (The double peak of the vault temperatures is dis-

cussed in greater detail in Section B.4.3.) The effects of ventilation

cooling after 20 years resulted in a decrease in the first peak by ap-

proximately 8 K. The second peak, however, was only reduced by about 2 K.

Allowable ranges of pitch, extraction ratio and PTL which

satisfy the backfill thermal constraint of 100°C and the long-term

requirements are shown in Figure B-6.

The following configurations were selected for the room-and-

pillar thermal-mechanical analyses.

Granite

extraction ratio = 25%

PTL _< 14.4 H/m2

pitch 21 2.5 m
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Gabbro

extraction ratio = 25%

PTL <_ 11.3 W/m2

pitch >_ 3.2 m

The basis for the selection of these configurations is given

in Section B.5.

The nonlinear finite-element thermal rock mechanics analyses

of the room-and-pillar concept were performed using the rock joint mod-

els described in Secion B.2. The Blast Fractured Zone/Discrete Joint

model is believed to best represent conditions of openings in hard-rock

mining, as evidenced by core drilling, stress determination and seismic

tests ' ' . Using this model and the configurations detailed above,

the thermal rock mechanics analyses showed that the room and pillar are

stable throughout the thermal cycle to 20 000 years or more after em-

placement. The incremental strength failure due to the thermal loading

was slight compared to the initial strength failure due to excavation.

The region of strength failure around the room was shown to be limited

to a depth of about 0.5 m. It is anticipated that support by conven-

tional rock-bolting practices will be adequate for this zone. Ventila-

tion cooling of the rooms had a beneficial effect on the stability of

the room-and-pillar configuration (Figures B-7 and B-8) since the magni-

tudes of the stre. ies (which were all compressive) were reduced.

B.4.3 Far-Field

The principal criterion addressed in the far-field analyses

was the requirement for no irreversible strain in the far-field rock

mass. In the course of the analyses, however, it became apparent that

restrictions on the sustained vault temperature and the extent of the

perturbed fissure zone should also be included.



- 113 -

Initial thermal analyses were undertaken for the granite and

gabbro vault concepts, using a range of values of PTL and an extraction

ratio of 25%. The predicted temperature rise at the mid-plane of the

vault as a function of time is shown in Figure B-9 for granite and Fig-

ure B-10 for gabbro. These analyses indicate two temperature peaks, the

first at 30 years after emplacement and the second approximately 10 000

years after emplacement. The temperature rise contours in the far-field
2

region of a vault in granite for a PTL of 14.4 W/m are given in Figure

B-ll at the time of the last temperature peak. Although not illustra-

ted, the far-field thermal response of the vault in gabbro is similar.

Because of the possible significance of the long-term sus-

tained temperature within the vault and the second temperature peik at

10 000 years after emplacement, a supplementary study was undertaken to

investigate the effects of varying several parameters. These were the

depth of the vault, the age of the irradiated fuel before immobilization

and emplacement, the thermal conductivity of rock mass and the effect of

the finite-element model idealization (two-dimensional versus axlsymme-

tric models). In addition to finite-element analyses, solutions were

employed to investigate the sensitivity of the vault temperature peaks

to the parameters, particularly to those of vault depth and waste com-

position. The conclusions from these analyses were

1. A change in depth from 1000 m to 500 m for the vault has no

significant effect on '/ault peak temperatures.

2. For a given GTL at the time of emplacement, the younger the

waste, the greater the plan area of the vault required, and

the lower the average vault temperature rise.

3. Lowering the thermal conductivity of the rock mass from K. to

K» has the effect of increasing the temperature rise approxi-

mately in the proportion to /K./K,..
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4. Axisynunetric and two-dimensional vertical models give similar

thermal results up to 1000 years after emplacement, beyond

which the axisymmetric model gives slightly lower temperature

values.

Rock mechanics analyses were made using the temperature rises

predicted in the far-field region by the thermal analyses. For a vault

in granite with a PTL of 14.4 W/m (GTL = 14.2 K/m ) , the perturbed fis-

sure zone reached a maximum depth of 100 ir. at 10 000 years after em-

placement (Figure B-12). This thermal loading also met the most severe

sustained long-term temperature requirements of 75°C. No shear strength

failure regions were identified in the analyses.

For the vault in gabbro, the maximum depth of the perturbed

fissure zone reached 100 m at 20 000 years, for a PTL of 15.5 W/m~.
2

(GTL = 15.3 W/m .) This resulted in a sustained long-term temperature

of 100°C in the vault. In order to restrict the maximum long-term sus-

tained temperature rise to 75°C, the PTL had to be reduced to ]1.3 W/m~.

(GTL = 11.0 W/m .) At this thermal loading, no perturbed fissure zone

was encountered in the gabbro concept. No shear-strength failure regions

were identified by the analyses at either of these therma} loadings. It
2

should be noted that the PTL of 15.5 W/m was not examined in the room-

and-pillar thermal mechanical analyses, since it did not meet the short-

term 100°C maximum backfill temperature constraint.

B.5 SUMMARY OF ANALYSES

The allowable ranges of pitch and extraction ratio for vaults

in granite and gabbro are summarized in Figure B-13. For both the gran-

ite and gabbro, the preferred PTL-pitrh-extractinn ratio conibin.ition is

governed by the far-field region in the long-term perio;1, using the 75°C

limit. The basis for the selection of the long-term criteria and re-
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strictions will require refinement before undertaking further analyses.

In particular, Hie depth of the allowable perturbed fissure zone requires

research, both from a generic and site-specific standpoint. Room-sta-

bility and pillar-strength ratio criteria do not appear to be critical

for any of the thermal loadings considered.

Based on the analyses described, the thermal and ther;nc-me-

chanical constraints and restrictions, and the common extraction ratio

of 25% for all designs, the following configurations were defined for

the vault design:

Granite

extraction ratio - 25%

PTL - 14.4 W/m2

GTL - 14.2 W/m2

pitch - 2.5 m

The configuration is defined both by che restriction on GTL

imposed by the 75°C long-term temperature maximum and the perturbed fis-

sure zone maximum depth of 100 m.

Gabbro

extraction ratio - 25%

PTL - 11.3 W/m2

GTL - 11.0 W/m2

pitch - 3.2 m

The configuration is defined by the restriction on GTL imposed

by the 75°C long-term temperature maximum.
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TABLE B-l

SPECIFIED THERMAL AND MECHANICAL CONSTRAINTS FOR VAULTS

Geometric Region
of Vault

Container
near field

Room and
pillar

Far field

Thermomechanical Constraint

Container skin temperature

Container cavity stability

Near-field rock mass stability

Backfill volume - average
temperature

Roof and rib failure/support

Integrated average of strength-
stress ratio in pillar

Sustained long-term temperature

Rock mass stability and
deformation

Ground surface movement

Allowable Magnitude

150°C
(135°C rise)

open and stable hole

not supported

100°C
(35°C rise)

conventional rock-
bolting requirements

> 2

not applicable

negligible irreversible
deformation and per-
turbed fissure zone
< 100 m deep

comparable to long-term
regional movements



TABLE B-2

THERMAL AND TKERMOMECHANICAL MATERIAL PROPERTIES

Property

Thermal Conductivity

Specific Heat

Density

Young's Modulus

Poisson's Ratio

Angle of Internal Friction
- Peak
- Residual

Cohesion
- Peak
- Residual

Coefficient of Thermal
Expansion

Units

W/m/K

J/kg/K

kg An

MPa

Degrees
Degrees

MPa
MPa

Intact

3

800

2800

40000

0

45
35

19
1

8(10~6

Granite

Rock

0 1' 2

1

1

1

.21

3
3

2

.92

,1.4

Joints

_.

-

-

-

-

40
35

1
0.

i

3
3

2

32

Intact

2.

800

2800

40000

0

45
35

19
1

Gabbro

Rock

01.2

1

1

1

21

3
3

2

92

6(HfV'4

Joints

_

-

-

-

-

40
35

1
0.

-

3
3

2
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FIGURE ri-7: CONTOURS OF STRENGTH RATIO IN ROOM-AND-PILLAR REGION
FOR A GRANITE VAULT
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FIGURE B-13: THEEMOMECHANICAL CONSTRAINTS
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