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RESUME

Ce rapport représente la première partie d'une étude prélimi-

naire faite pour l'Energie Atomique du Canada, Limitée. Les conditions

requises d'un dépôt souterrain pour le stockage des déchets produits

dans le cadre du Programme Canadien de Combustible Nucléaire, sont exa-

minées dans cette étude. En ce qui concerne de dépôt, les sujets sui-

vants y sont discutés: 1) disposition souterraine, 2) évaluations des

coûts, 3) manutention des déchets, 4) possibilité de récupération,

mise hors service, scellement et surveillance, et 5) conditions re-

quises d'ingénierie de recherche et de conception.
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ABSTRACT

This is the first part of a report of a preliminary study for

Atomic Energy of Canada Limited. It considers the requirements for an

underground waste repository for the disposal of wastes produced by the

Canadian Nuclear Fuel Program. The following topics are discussed with

reference to the repository: 1) underground layout, 2) cost estimates,

3) waste handling, 4) retrievability, decommissioning, sealing and

monitoring, and 5) research and design engineering requirements.
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1. INTRODUCTION

A program has been initiated by Atomic Energy of Canada

Limited (AECL) to develop techniques for the ultimate disposal of high-

level radioactive wastes into geological formations. Fart of this

program requires the design, construction and operation of an under-

ground repository which will satisfactorily isolate the waste produced

by the Canadian nuclear power program.

A conceptual design study of a radioactive waste repository

was carried out by Acres Consulting Services Limited of Niagara Falls,

Ontario, with Atomic Energy of Canada Limited. The technical coordi-

nator was Dr. H. Tammemagi of the Whiteshell Nuclear Research Estab-

lishment at Finawa, Manitoba. RE/SPEC Inc. of Rapid City, South Dakota,

U.S.A., Dilworth, Secord, Meagher and Associates Limited of Toronto,

Ontario, Hagconsult AB of Stockholm, Sweden, and Professor J.A. Cherry of

the University of Waterloo, Ontario, acted as subconsultants to Acres.

Their report is divided into Part I (AECL-6188-1), Part II (AECL-6188-2)

and Part III, a summary (AECL-6188-3), and presents the major objectives,

results and conclusions of the study.

A timetable of events for development and operation of the

repository is ao follows:

1975-1976 Preconceptual Facility Design, Feasibility Studies,
Planning

1976-1979 Geological Investigations

1977-1979 Conceptual Facility Design

1980-1981 Agreement on Facility Site

1980-1982 Detailed Facility Design

1981-1982 Construction Bids and Negotiations
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1983-1987 Test Facility Construction and Mining: includes
Construction of Requisite Surface Facilities, Shaft
Sinking and Excavation of Mine Level Shaft Station
Facilities and Several Radioactive Waste Disposal
Rooms for Experimental Purposes in the Immediate
Vicinity of the Shaft Station

1988-2000 Test Facility Operation

1996-2000 Reassessment and Refinement of Detailed Facility Design

Construction Bids and Negotiations

Initiation of Augmented Surface Facility Construction,
Additional Shaft Sinking and Underground Excavation
for the First Panel of Waste Disposal Rooms

Operational Operation of Test Facility for Emplacement
of Radioactive Waste Containers on a Pre-Production
Basis

2001-2025 Production Repository Excavation and Radioactive Waste
Emplacement

2023-2025 Reassessment and Refinement of the Detailed Design for
Sealing, Decommissioning and Monitoring of the Facility

2026-2100(+) Sealing, Decommissioning and Monitoring of the Facility

2. UNDERGROUND LAYOUT CONCEPTS*

2.1 OBJECTIVES

An underground radioactive waste storage facility presents

unusual design problems beyond the logistics and ground support problems

normally encountered in a conventional mining project. To examine the

The principal author of this section is W.H. Grams of RE/SPEC Inc.,
with consultation and review provided by R.J. Pine and D.R. McCreath
of Acres Consulting Services Limited, J.L. Ratigan and P.F. Gnirk of
RE/SPEC Inc., and U. Lindblom of Hagconsult AB.
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design feasibility, a basic repository layout has been developed con-

sisting of a rooai-and-pillar mine with canisters placed in drilled holes

in the floors. This will provide a basis for estimating excavation

requirements, haulage distances, ventilation and safety considerations.

In addition, the requirements for further study of such topics as mining

equipment selection, surface facilities, safety procedures and thermo-

mechanical rock response can be identified. Alternative layout schemes

and room geometries will be considered in Section 3.

For this report a single-level repository will be delineated

and evaluated. The mine layout is developed for the full quantity of

waste expected up to the year 2025. The mining development and waste

emplacement sequence is then outlined. In addition, the extent and

location of a demonstration section for operation in the period 1988-

2000 are shown.

2.2 PRESENTATION OF THE CONCEPTUAL REPOSITORY LAYOUT

2.2.1 General Features of the Layout

The layout is established upon a building-block principle,

where the storage room is the basic unit or building block. These

rooms will be grouped along sub-main haulageways into panels with fifty

or fewer rooms. The panels are, in turn, interconnected by main haul-

ageways to form the repository.

A minimum of four access shafts to the surface are incorpo-

rated into the design including:

(a) Main shaft for man, material and rock hoisting

(b) Radioactive waste hoisting shaft

(c) Mining operations ventilation shaft

(d) Waste storage operations ventilation shaft.



- 4 -

For this layout, the four shafts are situated in a shaft

pillar that is centrally located within the repository.

Although mining can be considered to be confined to a single

level, the ventilation drifts are located above the main haulageways

with ramps connecting them to the panel ventilation drifts. An addi-

tion, pumping stations and the skip loading pockets are below the main

shaft stations.

The geometry is arranged so that the mining sequence can be

completely separated from the radioactive waste haulage and placement.

This reduces greatly the number of people working in the strictly con-

trolled working areas associated with the radioactive waste. Potential

hazards due to radioactive contamination are therefore greatly reduced.

2.2.2 Typical Storage Room Layout

The storage room layout is illustrated in Figure 1. The

storage room is 6.3 m wide, 190 m long and 5 m high. The room is

arranged so that 500 holes for emplacement of waste canisters are

drilled vertically in the floor on a spacing pattern of 0.9 m from the

rib (wall) with 1.5 m between holes and rows of holes.

A short section of tunnel, 5 m wide by 5 m high, connects the

storage room to the submain haulage drift and a short section of tunnel

2.5 m wide by 3.1 m high on the far end of the room connects to the

ventilation drift. Both the connecting drifts are merged into the

larger cross-section storage room to reduce stress concentrations.

The 5 m height in the emplacement room and access drift to the

sub-main haulageway is required to provide clearance for the waste can-

ister transport and emplacement vehicle and the large hole drilling

equipment used to excavate the canister emplacement holes.
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2.2.3 Typical Panel Layout

The storage panel is illustrated in Figure 2. Up to fifty

storage rooms are grouped along a 5 m by 5 m sub-main haulageway. The

rooms are connected into the sub-main haulageway in a herringbone pattern

at an angle of 60 degrees. At the far ends of the storage rooms, 2.5 m

by 2.5 m ventilation drifts connect the rooms to the main ventilation

drifts located above the main haulageway. The offset entries of the

rooms into the sub-main haulageway are used to minimize the maximum

unsupported roof span, giving a more stable and safer roof. The first

room is connected to the sub-main haulageway 40 m from the intersection

of the main and sub-main haulageway. This establishes a protective

pillar 85 m across, in which the main haulage is located.

The rooms are separated by a 15 m pillar which gives a center-

to-center room spacing of 21.3 m. The panel is 370 m wide as measured

from the outside of the ventilation drifts. A panel of fifty rooms,

twenty-five to the side, gives a panel length of 775 m.

2.2.4 Single-Level Repository layout

By grouping the panels along main haulageways which connect

them to the shaft facilities, a single-level repository is developed.

Given 1 081 900 waste canisters to emplace, 500 canisters per storage

room, this repository requires forty-three full panels plus one smaller

panel of fourteen rooms. Figure 3 illustrates one possible configura-

tion of a single-level repository. The panels are arranged about a

central shaft pillar with 30 m pillars between adjacent panels and

between the panels and main haulageways.

When a shaft pillar of the same dimensions as a fifty-room

panel is used, the repository covers a rectangular area bout 5935 m long

by 3570 m wide. With a buffer zone of 500 m surrounding the repository,
2

this would give a total surface land area of about 32 km .
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The main haulageways are dual entry, 5 m by 5 m tunnels sepa-

rated by a 15 m pillar. Breakthroughs between the two entries would be

driven at least every 100 m. The dual-entry system provides ease of

ventilation during initial development and also allows complete separa-

tion of the mining phase of construction from the radioactive waste

transportation and storage.

The central shaft facility is illustrated in Figure 4. The

main shaft which houses the rock skips and man/material cage is located

on one side of the main haulageway along with the ventilation shaft used

for the mining operations. The radioactive waste hoisting shaft and the

radioactive storage ventilation shaft are located on the opposite side

of the main haulageway. Given this arrangement, the mining and waste

storage operations can be isolated from each other.

The ventilation drifts are not shown in Figures 3 and 4.

Separate ventilation drifts ars excavated above the main haulageways,

connecting the ventilation drifts on the boundaries of the panels to the

main ventilation shafts. There are two ventilation systems, one for

mining operations and one for the radioactive waste storage. Figure 5

shows how the ventilation drifts are arranged above the main haulage-

ways. The section view in Figure 4 shows where the ventilation drifts

would pass over the skip pocket. This simplifies rock removal. During

the excavation of the ventilation drifts, access to the main haulageway

would be necessary for safety, ventilation and rock removal. Once the

ventilation drift excavation is complete, suitable stoppings at the skip

pocket and other accessways along the main haulageway would be emplaced,

assuring the desired ventilation flow paths.

2.3 EXCAVATION REQUIREMENTS

2.3.1 Total Excavation Requirements

The excavation requirement for a single room is approximately

6000 m . This includes the 5 m wide access drift from the submain haul-
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ageway and the 2.5 m wide connector to the ventilation drift. A single

panel of fifty rooms including the submain haulageway and the ventila-
3

tion drift requires about 329 000 m of excavation. The smaller room
3

panel requires 95 000 m of excavation. With the fourty-three full-

sized panels and one smaller panel, the total excavation requited for
3 3

the panels is 14 242 000 m . The main haulageways require 554 000 m of
rock removal and the ventilation drifts along the main haulageways

3
require 177 000 m of excavation.

The total excavation (less the shaft-bottom development) is
3

about 15 000 m .

Althc'gh drilling is not normally considered part of the

excavation, drilling of one million large holes for canister emplacement

results in significant excavation volumes. In order to store 1 081 900

canisters in holes 0.36 m in diameter by 4.57 m deep, excavation of over

491 000 m 3 t

excavation.

3
491 000 m of rock is required, or about three percent of the total

Thus, the total excavation volume required to complete the
o

waste repository would be 15 485 000 m , excluding the shaft facilities

and miscellaneous excavations such as garages, instrumentation rooms and

other openings which may be required to safely handle radioactive ma-

terial.

2.3.2 Development Excavation

The term initial devetopnent excavation is generally defined

as that material which must be removed prior to the start of production

mining. In the case of an underground waste storage facility, the

storage areas are the reason for the mining project, and the initial

development excavation could be termed that excavation needed prior to

storing the first canisters.
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Figure 6 illustrates a possible pattern in which the excava-

tion would progress. After the shafts and shaft bottom facilities have

been completed, the forty-four panels are developed in such a way that

the mining and radioactive waste emplacement can be completely separa-

ted. In addition, the repository is designed such that any area used

for radioactive waste transportation will never be used for the mining

operations. This includes ventilation drifts and'material haulageways.

Figure.7 illustrates a panel mining sequence which allows

mining on either side of the shaft facilities, thus relieving congestion

in the haulageways.

Mining on both sides of the main shaft would have several

advantages. The miin advantage would be to double the number of working

faces which would allow more equipment to be utilized in the repository.

A second advantage would be to balance the rock removal around the shaft

to minimize shaft disturbance.

Figure 8 illustrates how the mining and radioactive waste em-

placement are separated. Temporary and permanent stoppings across the

various haulageways and ventilation drifts would prevent any possible

radioactive contamination from spreading from the storage rooms into

those areas being mined.

To assure that radioactive waste haulage and mining are sepa-

rated, a panel must be completely mined out and the emplacement holes

drilled before the canisters can be stored. Therefore, the initial

development excavation would include the mining of the first panel plus

the main haulageways and ventilation drifts to provide access to that

panel. The total excavation (less shaft-sinking) necessary for initial
3

development would be about 407 000 m which is slightly less than three

percent of the total repository excavation.
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2.4 GENERALIZED DISCUSSION OF HAULAGE CONSIDERATIONS

2.4.1 Excavated Rock Haulage

The size of the repository presents special problems con-

cerning haulage requirements for both rock removal and waste canister

transportation. The repository Is arranged symmetrically about the

central shaft pillar, providing for equal haulage distances from the

storage rooms to either the main shaft or the radioactive waste hoisting

shaft. For this particular repository, the average haulage distance

from the center of a room to the shaft facilities is approximately

2000 m. or a 4000 m round trip.

Rock haulage over these distances probably eliminates total

rubber tire haulage, although "local-haul-dump" (LHD) units would prob-

ably be used to transport mulik in the rooms and in the haulageways

during initial development. Conveyor belts may also be used in some

form; however, the abrasive nature of explosively fragmented granite may

cause extensive belt wear. Large trucks may also be used to transport

the rock over the long distances but the use of one entry of the main

haulageways for the canister transporters would probably cause some

traffic problems in the waste haulage entry. Rail haulage, at least

along the main haulageways, may be the most economic means of rock

transport for such a large underground excavation. The high rate of

excavation required for project completion by the year 2025 and dis-

stances greater than 4 km one-way warrant a very detailed study to

provide the most economical rock haulage method.

2.4.2 Waste Canister Transportation

The handling of the fairly large canisters of radioactive

waste presents an unusual problem in underground transportation. Due to

the highly radioactive nature of the wast» material, utmost care will be

necessary to ensure safe working conditions. A loading cycle of IS
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minutes at the radioactive waste hoisting shaft and an unloading cycle

of 15 minutes in the storage rooms would be possible; however, these

estimates may be optimistic. Although the transporter velocity could

possibly be as great as 250 m/min, a lower velocity of 125 m/min would

be more reasonable for initial observations on canister transportation.

At 30 minutes for the loading and unloading cycles, plus an

average of about 30 minutes for the round trip from the shaft to the

storage room, an average cycle time for the canister transporters would

be 60 minutes. In all probability, safety considerations will limit the

transporter capacity to one canister which corresponds to 1 081 900

trips. At 60 minutes per trip, 16 hours per day (two production shifts),

250 working days per year, and an efficiency of 75 percent, one trans-

porter could move all the canisters in 360.63 years. This would then

require, a minimum of twelve transport vehicles over the repository

working life of 30 years.

2.5 VENTILATION CONSIDERATIONS

2.5.1 Generalized Ventilation Constraints

In conventional mining operations, a separable ventilation

system is not necessary. However, rigorous safety precautions will

probably require an essentially fail-safe ventilation system for an

underground radioactive repository. With this in mind, complete sepa-

ration of the mining and waste storage operations and the corresponding

ventilation systems must be considered. It is doubtful, due to the

potentially dangerous nature of the waste canisters, that any other

method would be allowed.

Depending on the safety criterion established for ventilation

of the active storage areas, it might be possible to combine the mining

and storage return ventilation. However, the rock dust and possible
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diesel fumes caused during excavation of the rooms would possibly over-

load the filtration system for the potentially contaminated return air.

The actual volumetric ventilation requirement is dependent

upon several factors:

(a) Manpower requirements

(b) Diesel equipment requirements

(c) Cooling requirements

(d) Special regulatory agency constraints.

The layout of the repository does not initially address the

amount of air flowing through the repository, only the flow patterns

necessary for separation of mining and waste storage operations.

2.5.2 Ventilation Flow Paths

The ventilation flow paths are divided into two areas which

are permanently separated. In other words, once a panel function is

switched from mining to waste storage, the ventilation is also changed

over, and only in an emergency would the ventilation systems be reversed

again.

For either ventilation system (mining or waste storage) the

general flow paths are quite similar. The intake air flows down the

man/material skip and radioactive waste hoisting shafts and through

separate entries of the main haulageway, where it is diverted into the

panels. Air flow through the panels is identical for either mining or

waste storage, where the air from the main haulageway moves down the

submain haulageways into the storage rooms and then into the ventilation

drift network.

Initially, the ventilation drifts from the panels are con-

nected into the mining ventilation drift which is located slightly above
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the main haulageway. This ventilation drift follows the main haulageway

back to the shaft which is connected directly to a large ventilation

suction fan on the surface.

After the mining is complete, the ventilation for a particular

panel is cut back or stopped until waste storage operations begin in

that panel. Then the ventilation is linked to the waste storage venti-

lation drift also located slightly above the main haulageways. The air

then flows through the ventilation drift, back to the shaft pillar area

and up the waste storage ventilation shaft.

Figure 9 shows the separation of ventilation for any two

panels, one where mining is in progress, and the other where waste is

being stored. This illustrates the complete separation of the two

ventilation systems. Figure 10 shows how the ventilation is controlled

while excavating the main haulageways and the rooms. The dual entry

haulageway provides an intake and exhaust pathway back to a developed or

partially developed panel, where the flow of air would enter the venti-

lation drift network back to the centralized mining operations ventila-

tion shaft. Portable blower fans with temporary ductwork provide venti-

lation at the working face in the haulageways rooms and ventilation

drifts. This method of extending tunnels is well accepted in the mining

industry and poses no unusual problems.

2.6 SAFETY FEATURES OF THE UNDERGROUND LAYOUT

2.6.1 Safety as Regards Ventilation

The repository is designed so that any air passing through

areas where radioactive waste has been stored, or is being transported,

is directed away from the working areas through isolated ventilation

drifts. The air is sucked through the ventilation drifts and up the
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waste storage ventilation shaft where any radioactive contaminants from

Che storage operations can be removed and disposed of safely. Radio-

active contamination in a room or haulageway can be isolated from the

remainder of the repository simply by stopping the flow into that area.

If a "spill" occurs in the main haulageway, it may be necessary to stop

haulage to the storage rooms until the area has been made safe. How-

ever, if the "spill" is in one room of a panel where storage is in

progress, then only that room would be temporarily unusable. In any

case, it is doubtful that an accident in radioactive waste handling

would influence the mining operation to any great extent.

For safety reasons, it may be necessary to provide upcast

ventilation in the radioactive waste hoisting shaft. This would mean

that the intake air for the storage operations would flow down the main

man/material skip shaft. A common air intake would not compromise the

separability of mining from the waste storage operation. A system of

ventilation control doors and other flow control means can be used to

assure that the air flow through the two operations does not mingle.

In an emergency situation such as a rockfall, fire or major

radioactive waste spill, the ventilation network is such that either

ventilation shaft could provide emergency air control for the entire

repository. In addition, the flow of air could actually be reversed by

opening strategic stoppings and placing temporary control doors in the

main haulageways.

With all aspects considered, the ventilation control is much

safer than would normally be available for a standard room-and-pillar

mining method. This improvement in safety is essentially due to the

ability to separate mining and waste storage ventilation systems, such

that permanent storage rooms are always "downstream" from the shaft

facilities and main haulageways.
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2.6.2 Safety Shafts and Multiple Path Escapeways

Any underground facility should have several surface accesses

in case of an emergency. As designed, this repository has only one nan

shaft; however, arrangements could be made for using the ventilation

shafts and possibly the radioactive hoisting shaft as emergency exits.

It may be necessary to excavate several auxiliary man shafts in the more

remote sections of the repository, as distances to the central shaft

area could exceed 4 km.

Each panel has three exits; namely, the submain haulageway

connecting into the dual entry vay and the ventilation drifts on either

boundary at the ends of the room which connect to both the mining and

waste storage ventilation networks. An additional safety feature would

be to connect each panel to another by extending the ventilation drift

which borders the panels. This would greatly increase the number of

possible escape paths from a given panel.

2.7 CONCLUSIONS

This particular underground radioactive waste repository is

capable of storing an estimated 1 081 900 canisters of fission waste and

spent fuel, each with a diameter of 0.3 m and a length of 3 m. The

general schedule would have a demonstration repository constructed be-

tween the years 1981 and 1985. A full operational test would then be

conducted from 1986 through 1995. Following a successful completion of

the demonstration project, the waste repository would be expanded and

the radioactive waste for the next 30 years, until the year 2025, would

be permanently stored. The repository would then be closely monitored

until the year 2100 when it would be permanently sealed and decommis-

sioned.
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To provide a baseline for critical areas of study including

thermomechanical rock response, radioactive waste handling, mining

operations analysis and initial cost analysis, the waste canisters would

be stored in vertical drill holes in the floor of the storage rooms.

These drill holes would be sized to give a 2.54 cm clearance between the

canister and the rock, and drilled deep enough to leave a 1.5 m distance

between the floor and the top of the canister. Thus, each canister

would be stored in a drill hole of 0.35 m diameter and 4.5 m in depth.

The rooms are designed such that 500 canisters can be emplaced

in each. The central storage area for each room is about 190 m long

with a total room length, including connecting drifts to the ventilation

drift and sub-main haulageway, of about 200 m. The storage area of the

room is 6.3 m wide by 5 m high. This allows a drill hole array of four

rows with 125 holes per row. Drill holes are arranged on a square

pattern with a distance of 0.9 m from the wall of the storage room to

the centerline of the first holes and a center-to-center spacing of

about 1.5 m between adjacent holes and rows of holes.

The storage rooms are grouped along sub-main haulageways into

discrete storage panels, fifty rooms to the panel. These panels are

interconnected by main, dual-entry haulageways and connected into the

shaft facilities to form the single-level repository. Figure 11 is a

graphic illustration of a typical panel and how it interconnects into

the shaft facilities. Figure 12 gives a three-dimensional schematic of

a typical storage room and shows how it is tied into the sub-main and

main haulageways. Figure 12 also illustrates the peripheral ventilation

drift which borders the storage panel. To store more than one million

canisters will take forty-three full size panels of fifty rooms each,

plus one smaller panel.

The excavation for this repository, excluding shaft facili-

ties, requires the mining of over 15 million cubic metres of rock.
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Figure 13 illustrates the cumulative mined volumes from the year 1980,

when the demonstration project begins, to the year 2024, when the full-

size repository has been excavated. To develop the first storage panel

in five years, an excavation rate of about 88 000 m per year is re-

quired. Once the storage demonstration is completed, production mining

operations will begin in 1995. To finish by the year 2024, leaving one

year for final storage and shutdown, the excavation rate is over 522 000
3

m of rock per year. If mining proceeds at a constant rate from 1985 to

2024, about 352 000 m of rock would have to be removed each year. The

curved line in Figure 13 represents the average volume requirement to

keep abreast of the canister storage requirements. Except at the very

beginning of the project, the storage room excavation would always be

ahead of canister placement requirements, thus eliminating temporary

storage of waste canisters.

Complete separation of the mining operations from the radio-

active waste storage is very desireable and will probably be a mandatory

requirement when operating the repository. In order to separate the two

operations, the vehicle travelways and ventilation systems have been

arranged such that each is completely independent of the other. Venti-

lation is separated by having two ventilation shafts connected to venti-

lation drifts located in a sub-level above the main haulageways. The

ventilation air front the storage panels is directed into either the

mining or waste storage ventilation drift, whereby it is sucked to the

surface through the respective mining operations or waste storage venti-

lation shaft. Once mining is complete and the panel ventilation is

switched over from mining ventilation to radioactive waste storage

ventilation, it would remain on that ventilation system, except for an

unforeseen emergency situation.

Haulageways for both the excavated rock and radioactive waste

also remain completely separate. Figure 14 illustrates a section of the

repository containing the shaft facilities, a panel being mined and a
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panel In which waste is being stored. The shaded area represents the

controlled radioactive storage section of the repository. Because the

intake ventilation air flows through the main haulageways into the

respective panels, stoppings are placed at breakthroughs and inter-

sections, assuring that the two passageways remain separate.

The overall safety of the underground repository is of primary

concern. The areas of interest as regards the underground layouts are

the ventilation safety aspects and the access to emergency shafts through

multiple escapeways. As stated previously, the ventilation for mining

and waste emplacement is separate, which provides a great benefit in

safety. In addition, the flow pattern is such that the air travelling

through the potentially contaminated storage rooms proceeds directly

into unoccupied ventilation drifts where any contaminants would be

directed into the waste storage ventilation shaft and up to the surface

filtration system.

The repository as presented has four shafts connecting the

storage area to the surface. If emergency man hoists were available,

the two ventilation shafts could be used for emergency hoisting of

underground personnel to the surface. The radioactive material hoisting

shaft may not be useful for emergency hoisting of personnel due to pos-

sible radiation contained within this shaft.

All storage panels have three possible exits—one through the

main haulageways and the other two through either of the ventilation

drifts. The possible number of escape routes could be increased multi-

fold by Interconnecting the panels with drifts, which would connect the

ventilation drifts, which are directly connected to the storage rooms.

The spatial arrangement for an underground repository could

provide almost an infinite number of possible designs. The particular

layout presented herein has certain positive features concerning the
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separation of mining and waste storage area. Certain areas of interest,

as far as layouts of the repository are concerned, could delineate other

criteria for changing the repository layout to provide a safer and/or

less expensive design. These areas may include:

(a) Multi-level storage

(b) Multi-canister per drill hole storage

(c) Open-air canister storage on the room floor

(d) Storage in excavated trenches in the storage room floors

(e) Storage in large-diameter boreholes.

A critical analysis of the above areas may be necessary to

determine if the single-level repository layout presented herein is the

best possible conceptual plan from which a detailed repository design

can be developed.

3. ALTERNATIVE LAYOUTS AND COST ESTIMATES*

3.1 GENERAL

The previous layout work for an underground radioactive waste

storage facility was based on storing 1 081 900 waste canisters, each

initially producing 250 W of thermal power. The "Baseline" conceptual

layout (Section 2) established a room where 500 canisters are stored in

large vertical boreholes in the floor. These rooms, as illustrated in

The principal authors of this section are W.H. Grams of RE/SPEC
Inc., and R.J. Fine of Acres Consulting Services Limited, with
consultation and review provided by D.R. McCreath and
R.6. Charlwood of Acres and P.F. Gnirk and R.L. Ratigan of
RE/SPEC Inc.
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Figure 1, are arranged about a sub-main haulageway and connected into

the ventilation system to form storage panels, as shown in Figure 2. By

then arranging these storage panels about a centralized shaft facility,

the single-level repository layout was developed as shown in Figure 3.

The first alternative covered in this report shows the differ-

ences in single-level repository layouts with 2500 W canisters as opposed

to 250 W canisters. To make this comparison as valid as possible, the

same general layout scheme of rooms, panels, etc., as was developed in

the previous section is used. Only the necessary modifications are pre-

sented and no attempt is made to improve on the original design.

A second topic is the comparison of the original single-level

layout for 250 W canisters with multiple-level design. Again all the

general features of the "Baseline" design are retained, the difference

being only multiple-levels.

Having compared the differences between storing 2500 W versus

250 W canisters and single-level versus multiple-levels, four alterna-

tive schemes of waste storage are compared to the "Baseline" scheme of

placing each waste canister into a separate emplacement hole. General

description, containment and operation are considered.

A brief section follows that deals with the waste handling

facilities which will probably be required. This section includes dis-

cussions on the surface facilities, underground emplacement system and

canister cladding.

In order to confirm the site selection and validate the de-

sign, a test facility is proposed as the first stage of repository

development. We have, therefore, presented a suitable layout with six

rooms which would allow extensive in-situ experiments to be carried out

at the final repository site. At this stage two shafts will be suffi-
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cient for access and ventilation. Cost estimates are given for this

stage.

A discussion of the effects of alternative designs on capital

costs of the repository is included with approximate cost estimates for

the alternative single-level layouts, waste handling facilities and

equipment, and the test facility. The preliminary and approximate

nature of these cost estimates is emphasized.

In the development of the repository concepts, a maximum pro-

jection of nuclear wastes has been assumed in order to yield an "upper

limit" case. Final repository size will be dictated by actual nuclear

power usage. Hence, the size of any ultimate repository could be sig-

nificantly smaller than outlined in the following pages.

3.2 SINGLE-LEVEL REPOSITORY FOR 2500 WATT CANISTERS

3.2.1 Conceptual Layout for a Single-Level Repository

The emplacement of a million 250 W canisters is clearly a

major material handling project when it is considered that they must be

lowered into the repository, transported to the storage rooms, and

finally emplaced in the drill holes. Not only will this transportation

operation be time consuming, but will, in all probability, be very

expensive. In addition, excavation of the canister emplacement holes

will be a very large portion of the repository cost. By increasing the

power of the canisters tenfold and decreasing their numbers proportion-

ally, the storage requirements can be reduced to 108 190 canisters of

2500 W each.

Using the sane room and panel arrangements as illustrated in

Figures 1 and 2, the overall size of the repository would be reduced by

an order of magnitude; however, the Gross Thermal Loading (GTL) would be
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increased by the same amount. This vould probably not be acceptable,
2

and therefore the same GTL of 32 W/m is used as the design criterion.

To simplify the comparison between repositories for 250 W and 2500 W

canisters, the only change in the single-level repository layout is in

the storage room, as illustrated in Figure 15, where the four rows of

drill holes are replaced by a single row of drill holes centered in the

storage room. The spacing between holes required to maintain the GTL
2

factor of 32 W/m is about 3.67 m; thus, each room can store 52 can-

isters. To fulfill the storage requirements for the 2500 W canisters,

41 panels of 50 rooms each and 1 panel of 31 rooms are needed, as com-

pared to 43 panels of 50 rooms and 1 partial panel for storage of the

250 W canisters.

The repository layout for the higher watt canisters would then

be virtually identical to that for the 250 W canisters, as shown in

Figure 3, with the exception of eliminating the two furthermost panels.

3.2.2 Excavation Requirements

The slightly more effective storage of the 2500 W canisters
3

reduces the excavation requirements about 4 percent, from 15 000 000 m
3

to slightly more than 14 420 000 m of rock. However, considerable
3

savings in drilling may be realized, specifically 491 000 m of drill
3

hole excavation for the 250 W canisters, as compared to only 49 100 m

for the 2500 W canisters. The drill hole excavation volume when com-

pared to the total volume of excavated rock from the repository may seem

insignificant; however, the drilling costs on a volumetric basis may

well be two orders of magnitude greater than the bulk excavation costs

for rooms and tunnels.
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3.2.3 Comparison of Conceptual Repository Layouts for 250 W
and 2500 W Canister Storage

Apart froa the drill hole array for canister emplacement in

the floors of the storage rooms, the conceptual repository layouts for

250 W and 2500 W canister storage are essentially identical. The sequen-

tial operation of mining and waste emplacement, haulage routes, and

ventilation flow paths are the same for both canister power levels. The

layout for the 2500 W canisters requires the excavation of two less

panels, or an overall reduction in mining excavation of about 4 percent.

The similarity in volumes of facility excavation arises from a common
2

thermal design criterion of 32 W/m (GTL). A major cost saving can be

attributed to an order of magnitude reduction in the excavation volume

required for the canister-emplacement drill holes when the power output

of the canisters is increased tenfold.

From an operational viewpoint, the overall haulage requirement

for canister emplacement will be reduced by a factor of approximately

ten if 2500 W canisters are utilized. However, the higher thermal power

output of the canisters may necessitate the use of somewhat more speci-

alized waste handling equipment and temporary underground storage fa-

cilities. The reduction in the number of drill holes per room should

enhance the operational mobility of any rubber-tired emplacement vehi-

cles which may be used.

3.3 MULTIPLE-LEVEL REPOSITORY

3.3.1 Layout of Multiple-Level Repository

The approach for the conceptual design of a multiple-level

repository is very similar to that utilized for the single-level reposi-

tory. The building block concept is retained and the layout of any
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level is in general identical to the layout of the single-level reposi-

tory, except for the number of panels. Figure 16 illustrates the mul-

tiple-level concept of panels grouped about a centralized shaft facility.

The basic concept of separation of the mining operations from radioactive

waste storage remains unchanged.

At this time the assignment of specifications for the vertical

dimensioning of a multiple-level repository would be purely speculative.

Decisions on the number of levels and distance between levels depends on

a very exacting analysis of the operational, geotechnical, thermomechani-

cal, environmental and financial considerations. In other words,, a two-

level repository may be store advantageous cost wise than a single-level

repository, and a four-level repository may even be more cost advantage-

ous. However, the cost of creating an additional level will, at some

point, be financially unattractive. For similar reasons, the other

major areas of concern must be analyzed in detail. These more or less

independent studies are then integrated to determine if and/or how a

multiple-level repository is to be constructed.

The most distinctive feature of a multiple-level repository is

the compactness of design and the use of three-dimensional space to pro-

vide rapid access to each storage area. Figure 17 illustrates a super-

imposed plan view of the single- and four-level repository designs,

where the shaded panels are common in a spatial sense to both single-

and multiple-level repositories. Obviously, the outlying panels in the

four-level repository are much closer to the main shaft facilities.

Figure 18 shows how the two main shafts give access to the

storage levels. The waste rock skip pocket, where rock is loaded and

transported to the surface, is located at the lowest level, where it

could load the excavated material from all the levels.
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The large equipment used in mining and transportation of

radioactive waste will probably be disassembled for lowering into the

repository and then reassembled underground. To facilitate movement of

these large pieces of equipment between levels, inclined drifts, or

ramps, driven at a slope of 10 to 40 percent are necessary. Figure 19

illustrates such a ramp connecting two main haulageways. In addition to

these ramps, small service raises will be required for movement of

personnel and supplies between levels to avoid total dependence on the

main man-material-skip shaft. Small man cages would probably be Instal-

led in these raises, and would be operated just like the elevator in a

modern office building. This is also shown in Figure 19.

3.3.2 Multiple-Level Versus Single-Level Repository Design

3.3.2.1 General Features

The overall design criteria for the single- and multiple-level

conceptual repositories are assumed to be virtually identical in order

to permit a rational comparison between the different designs. The

principle of complete separation of the mining operations - excavation,

haulage and ventilation - from the radioactive waste storage operations

- hoisting, transportation, emplacement and ventilation - is retained in

all cases. Any design ox plan can be improved upon, and any design for

a radioactive waste storage facility will have to be worked and reworked

many times before all the details are finalized.

3.3.2.2 Excavation Considerations

The total amount of excavation in a multiple-level repository

is greater than that for a single-level repository, mainly because of

duplication of haulageways, ventilation drifts, and other excavations in

the shaft pillar area. The additional vertical access, raises, ramps,
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etc. also add to the total excavation requirements» Since the multiple-

level parameters, such as number of levels, distance between levels,

etc. have not been calculated, no numerical values for the incrase in

excavation requirements is presented. It may be as much as a 10 percent

increase, depending upon how much vertical interconnection between

levels is desired.

The order of excavation is, in part, controlled by the safety

aspects of radioactive waste handling. Initially, the main shafts are

sunk, the shaft stations are excavated, and other facilities solely for

use in vertical transportation of men and materials are constructed.

The two main ventilation shafts could be either sunk conventionally

concurrent with the main shaft sinking, or they could be driven from the

bottom up or, in mining terms, 'raised1. Normally, the upper areas in a

mine are excavated prior to opening up lower levels, usually for rock

stability reasons, and it may be less expensive to work from the upper-

most level downward. However, in the case of a radioactive waste reposi-

tory, critical studies of water movements, rock mechanics, potential

radiological hazards and financial considerations will have to be made

in order to determine the sequence in which the repository is developed.

3.3.2.3 Haulage Considerations

As stated previously, the general haulage plan, as developed

for the basic single-level repository (see Section 2), has not been

changed for a aultiple-level repository. In fact, there are only two

major differences between the designs.

The first major difference is the closeness of the outlying

rooms to the main shaft facilities in the multiple-level designs, as

shown in Figure 17. For the relatively small increase in hoisting dis-

tance of 150 m if a 50 m level interval is chosen, a four-level reposi-
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tory would cut the average haulage distances for both excavation and

emplacement operations to almost one-half of those for a single-level

design. The large distances being considered in the single-level repo-

sitory place many restrictions on the excavation haulage equipment.

Many of the newer and more efficient methods of haulage must be elimi-

nated due to excessive hauling distances. The more compact designs of

the multiple-level repository open up the possibility of using the

trackless excavation haulage systems to make potential savings in capi-

tal costs and an increase in manpower efficiency.

The second main difference in haulageway concepts is the ramps

which connect the various levels. These ramps allow the relatively

rapid movement of men and equipment between the various levels, and

permit easy access to those areas of the mine that are farthest from the

shaft facilities.

3.3.2.4 Ventilation Considerations

The basic ventilation system is the same for either the

single-level or multiple-level repository.

Figure 20 illustrates one possible method of ventilation in

the multiple-level design where the flow paths for each level, as shown

in Figure 21, are identical to the single-level repository. Basically

the air is drawn down the main man-material-skip shaft, through the main

haulageways, through the rooms, through the ventilation drifts and up

the ventilation shafts by the main exhaust fans located on the surface.

There would be two exhaust ventilation shafts, one for the mining opera-

tions and one for radioactive waste emplacement operations.

A second option for multiple-level ventilation is illustrated

in Figure 21. The basic difference between the multiple-level and the
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single-level repository ventilation is that the main ventilation shafts

do not extend past the uppermost level. Ventilation to the lower levels

is provided by a system of several small raises, which would connect the

ventilation drifts of the lower level panels to the ventilation network

in the upper panels. In this way a potential saving in shaft sinking

and ventilation drifts in the shaft pillar area is possible at the cost

of some relatively inexpensive raises.

w

3.3.2.5 Safety Considerations

For this preliminary repository design, the safety considera-

tions are grouped into two general areas, namely ventilation safety and

escapeways.

The ventilation safety for the single- and multiple-level re-

positories is virtually identical. The separation of the ventilation

systems for the excavation and waste storage operations limits the

number of people working in areas where airborne radioactive contaminants

could be present. If such contaminants were present, due to damaged

waste canisters or some other misfortune, then the ventilation system

would draw them away from the working areas and into the radioactive

waste ventilation drifts and shaft where they are effectively isolated.

The second safety criterion, escapeways, is again subdivided

into two general categories; viz, multiple escape paths and escape

shafts. The major difference in the multiple- and single-level layouts

is that the multiple-level repository has many more potential escape

paths due to its three-dimensional geometry; i.e. the various levels are

not only connected by the main shafts but also by the service raises,

ramps and possible ventilation raises. The compactness of a multiple-

level repository also shortens the escape paths considerably.
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For these reasons the multiple-level design can be considered

safer.

3.4 EFFECTS OF ALTERNATIVE STORAGE SYSTEMS AND ROOM GEOMETRIES
ON THE REPOSITORY DESIGN

In addition to the basic layout developed in Section 2, several

alternative underground storage concepts have been proposed, both from

within the Acres study group and by others * . Of these alternatives,

four have been selected for inclusion in the following discussion,

leaking a total of five alternatives including the basic layout. At this

time, these five are considered to be the most likely to receive serious

further attention in terms of plutonic rock emplacement.

The details, advantages and disadvantages of the five alterna-

tives are summarized in Figure 22, and discussed in the following sub-

sections.

3.4.1 Alternative Concepts

3.4.1.1 "Floor-Hole" Concept ("Baseline" Concept)

(a) Description - This "Baseline" design layout is discussed in

detail in Section 2 (see Figures 1, 2, 3). In addition to the

single can per hole concept shown, the possibility of several

cans per hole should be evaluated.

A concept was also considered in which 2500 W canisters are

enplaced in a single line of drill holes at 3.67 m centers

along the centerline of rooms of the same size as for the

"Baseline" design. The resulting Gross Thermal Loading (GTL)

and Net Thermal Loading (NTL) remain the same at 32 and 106
2

W/m , respectively. The major difference in behaviour between
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the two schemes will be in increased local temperatures in the

vicinity of the canisters.

(b) Containment - The thermal and rock mechanics conditions for

this concept are discussed in detail in Sections 4 and 5,

respectively, of report AECL-6188-2. With the "Baseline"

design layout as described, there do not appear to be any

significant problems with these aspects of the concept.

Provisional limiting thermal criteria are met, and the stress

levels in the room walls, roof and floor due to excavation and

thermal loading are probably less than plutonic rock mass

strengths.

Because the canisters are emplaced below the room floors,

drainage will be difficult and it may not be possible to pre-

vent minor groundwater inflow to canister emplacement holes.

Thus canister corrosion could begin soon after emplacement.

In the case of the 2500 W canisters, the canister surface/rock

interface temperature could exceed 200°C. During the mining,

emplacement and surveillance stages the room pressure will be

at, or close to, atmospheric pressure and thus any groundwater

draining into the holes would probably be converted to steam.

The steam created by this process may accelerate canister cor-

rosion. Thus the "Baseline" design with either 250 W or 2500 W

canisters is not as good as the "In-Room" concept (see sub-

section 3.4.1.2) in this respect.

From a macroscopic viewpoint, all the underground concepts

with storage at great depth have similar and extremely good

long-term shielding characteristics, but concepts with canis-

ters emplaced within the room floor provide superior shielding

within the rooms, except directly above unplugged holes.
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The "Baseline" concept, with drilled holes in room floors, is

in this category and operational constraints are greatly eased

as a consequence.

The sealing possibilities of the "Baseline" design are good.

Ultimately each emplacement hole and each room could be sealed

separately if required. This may be desirable as a means to

reducing the possible long-term hydrogeological connections

between the canisters and any potential leakage path (Section

3, AECL-6188-2). It may not be possible to provide these

sealing measures until the surveillance period is complete

since there is a possible conflict with monitoring and re-

trievability.

The sealing of access shafts upon completion of the surveil-

lance period should be no more difficult in the "Baseline"

design than in any of the alternatives.

(c) Operation - The placing of canisters in the emplacement

holes should be a routine operation, possibly using an adap-

tation of fork lift equipment. The round trip cycle for the

underground transporter vehicles is discussed in Section 2.

Retrievability of an individual canister should be good, pro-

vided that an air/water gap is left separating the rock mass

and the canister, or the gap is filled with a relatively

mobile backfilling material e.g. sand or crushed rock. The

thermal aspects of the backfilling material are discussed in

Section 4, AECL-6188-2. With no backfilling the heat transfer

from the waste to the rock is expected to be reduced, with

higher waste temperatures resulting. Future studies will be

required to determine the extent of possible problems with

rock creep and spalling in the drill hole walls.
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Access to Individual canisters, monitoring and maintenance

should all be relatively straightforward In the "Baseline"

concept because of the good shielding within the rooms which

Is afforded by the drill hole emplacement.

Ventilation may not be needed in the "Baseline" concept for

removing waste generated heat, although it will be required

during construction and emplacement operations.

3.4.1.2 "In-Room" Concept

(a) Description - The overall layout for this concept is the

same as in the "Baseline" concept (Figures 1, 2 and 3). How-

ever, instead of storing the waste in canisters emplaced in

drilled holes in the floor, the canisters are placed directly

on the floor. Instead of the tubular canisters which have

been considered in the "Baseline" concept, more compact barrel-

shaped containers may be more appropriate for this concept.

For ease of comparison, the spacings of the containers are
2

assumed to be the same, giving the same NTL and GTL (32 W/m )

as in1 the "Baseline" concept.

(b) Containment - The thermal conditions within the rooms are

considerably different from those in the "Baseline" concept

(Section 4, AECL-6188-2, Subsection 4.2.3).

Since the containers are not in intimate contact with the rock

except at the bottom, the generated heat cannot be removed

efficiently except by continuous ventilation. Lack of venti-

lation in "In-Room" storage could lead to overheating of the

containers and slabbing failure of overhead rock forming the

room walls and roofs. In the long term it must be assumed

that the rooms will be filled with groundwater (Section 6)
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which may be capable of conducting the heat satisfactorily

from the containers to the surrounding rock. This would need

to be assessed. In the short term the groundwater can be

easily controlled by ventilation or by pumping if necessary

and the rooms and containers maintained in a dry condition.

Within the rooms there is no direct radiation shielding other

than self-induced, but this is of little consequence for the

effectiveness of long-term containment. It does, however,

have a bearing on the short-term operation of the repository.

Because of the probable continuous ventilation requirement,

the sealing of rooms and/or panels when filled with containers

may not be practicable. When the repository is completely

filled and the surveillance period has terminated, it may be

necessary to flood the storage level in order to conduct heat

to rock walls. All the containers will then be connected

relatively intimately to the external hydrogeological regime,

and this could magnify any long-term radionuclide contaminant

leakage problems (Section 4, AECL-6188-2).

(c) Operation - The placing and retrieving of individual con-

tainers or small groups of containers should be relatively

easy, but remote or fully shielded equipment will be required

because of the lack of shielding within the rooms. The type

of equipment required may include an overhead crane track

system in each room or shielded rubber tired emplacement

vehicles and a fixed or movable shielding wall over which the

containers must be lifted (Figure 23). If the room height is

to be maintained at S m, it will be necessary to make the

canisters more compact (barrels possibly) to make it possible

to lift them over an adequate shielding wall. Access to indi-

vidual containers, once a room is filled, will require exten-
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I sive shielding. In the case of a container failure during the

r surveillance period, it may be necessary to remove the whole

jj contents of a room to afford the necessary access.

Monitoring the containers will probably be difficult due to

the difficulty of maintaining the monitoring equipment.

Maintenance of remote placing, retrieving, monitoring, drain-

age and any other systems will probably be difficult, because

of the lack of shielding within the rooms.

Ventilation throughout the emplacement and surveillance phases

may need to be continuous in order to remove heat. The re-

quired air flow rate may impose additional expense for both

ventilation and filtering equipment.

3.4.1.3 "Floor-Trench" Concept

(a) Description - The mine layout is similar to the "Baseline"

design with a similar size and spacing of rooms. Instead of

drilling holes in the room floor, a trench is excavated for

the full length of each room. Excavation of this trench is by

bench blasting which is usually considerably cheaper than

blasting a heading. The emplacement holes are formed within

the trench by cheap cylindrical forms (e.g. steel culverts),

backfilled with crushed rock.

(b) Containment - The spacing of the holes can be such that the

Net and Gross Thermal Loadings are the same as in the "Base-

line" design. Alternatively, the trench concept allows for a

closer packing than a 1.5 m grid, and thermal loadings would

be higher. In the case of the 250 W canisters in the "Base-
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line" design, the spacing of the canisters is determined by

the hole drilling feasibility and much higher thermal loadings

cannot be achieved. However, a crushed rock or a similar

voided backfill will have a lower thermal conductivity than

the intact rock close to the canisters in the "Baseline"

design. This will lead to higher waste and other near-field

temperatures and will limit the closeness of emplacement hole

spacing.

2
For the pu.pose of cost comparisons, GTL of 32 and 128 W/m

can be considered, but the latter figure may only be feasible

with a better t.iermally-conducting backfill than crushed rock

and/or by the use of heat pipes and heat removal by ventila-

tion. If the far-field thermal criteria (Section 4, AECL-
2

6188-2) cannot be met using a GTL of 128 W/m , the closely-

spaced canister arrangement could still be feasible with the

same high Net Thermal Loading, but with a lower extraction

ratio (ER). Thus the rooms would be the same size but spaced

further apart, leading to a GTL which allows the far-field

criteria to be met. Although this compromise arrangement

leads to larger haulage distances than for a design with a GTL
2

of 128 W/m , there could be considerable savings compared with
2

â "Floor-Trench" design based on a GTL of 32 W/m .

In the "Floor-Trench" design there are good opportunities for

controlling groundwater inflow during the mining, emplacement

and surveillance phases. A gravity drainage collector system

could be incorporated in the bottom of the trenches and ground-

water pumped out from sumps at regular intervals. If the need

for a pump in each room is to be avoided, there must be some

inter-connection of drainage channels from room to room.



- 35 -

Further detailed thermal analysis will be required to assess

the rock stability. The possible use of a higher GTL or NTL

could lead to problems of spalling.

The radiation shielding may not be quite as good as that pro-

vided by holes drilled in solid rock. It may be possible, if

desired, to design a sleeve system to allow access to indi-

vidual canisters in a full room.

Sealing of emplacement holes against contaminated water and

air movement may be as effective as in the "Baseline" concept

in the short term. However, the voided nature of the backfill

and drainage system and possible corrosion of an inexpensive

hole lining would lead to less satisfactory sealing with time.

The use of a poured concrete slab on the top of a filled

trench might be considered as a more effective seal. In the

case of a higher NTL, other heat removal systems may be re-

quired which would affect sealing.

(c) Operation - The ease of placing and retrieving canisters,

access safety and ease of monitoring should all be the same as

in the "Baseline" design, i.e. good. Qualifying comments made

in Subsection 3.4.1.1 (c), regarding this are applicable.

Maintenance could be expected to be more of a problem than in

the "Baseline" design if the trench is allowed to flood. Cor-

rosion of the emplacement hole linings could lead to difficul-

ties with retrievability. However, with an adequate drainage

system this problem could be overcome. It is probable that,

once canisters are emplaced, maintenance of a trench bottom

drainage system could not be continued, and should be designed

accordingly. Maintenance of placing, ventilation and moni-
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torlng systems should be straightforward because of adequate

shielding within the rooms.

Ventilation will be required for construction purposes. With
2

the GTL at 32 W/m ventilation may not be required for heat

removal. The cutoff point with higher GTL1s will require

further study. The continuity of ventilation in the latter

case is of importance and would need to be studied further, as

in Appendix B of Section 4, AECL-6188-2.

3.4.1.4 "Long Hole" Concept

(a) Description - The "Long Hole" concept discussed herein was

first proposed by R. Tervo of the CANMET Elliot Lake Labora-

tory. An array of long, widely spaced horizontal drifts

(headings) 3.05 m high and 4.57 m wide is excavated at the

same depth (or possibly a little higher) as the rooms in the

"Baseline" design (see Figure 24). At 15.2 m intervals, the

drifts are enlarged for use as drilling stations. From the

station floors, a fan-like array of six emplacement holes,

0.38 m in diameter and 152 m long are drilled. Each hole

contains 40 canisters 3.05 m long.

With a panel of drifts as shown in Figure 24, the spacing of

400 groups of six emplacement holes at 15.2 m centers, and

forty 250 W canisters per hole, the total thermal power per

panel (96 000 canisters) is 24 MW. In the plan area of 610 m

by 1525 m, this leads to a GTL of 26 W/m , which is comparable
2

to the GTL of 32 W/m in the "Baseline" design. It may be
2

possible to increase the GTL to 32 W/m in the long hole

scheme by closing up the drift spacings or the drilling sta-

tion spacings, but in either case there may be problems with

ensuring the separation of individual drill holes. For cost
2

purposes, the layout corresponding to a GTL of 26 W/m is used.
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(b) Containment - Because the canisters are widely spread in

three dimensions and the GTL is comparable to the "Baseline"

design figure, it seems reasonable to expect that the far-

field thermal criteria can be met. However, thermomechanical

analyses are certainly required for near-field behavior.

The length of the emplacement holes makes it impractical to

provide drainage once the canisters are emplaced, and canister

corrosion must therefore be assumed to start at that time.

The question of room stability will be dependent partly on the

proximity of canisters to the room floor and again will re-

quire detail study. Again, because*of the length of the

holes, there is a greater possibility of some drill hole wall

instability due to intersection of unfavorable jointing sys-

tems. In a short hole ("Baseline" design), such a hole could

be abandoned without much economic penalty; in the "Long Hole"

design, this penalty would be greater. Instability of drill

hole walls due to thermal loading, once the canisters have

been emplaced, should not be any worse than in the "Baseline"

design. For 250 W canisters this problem is so far unresolved

but is estimated to be manageable.

Radiation shielding would be better than in the "Baseline"

design, since fewer drill hole openings intersect the drift

floors. The shielding in the "Baseline" design with plugged

holes is already considered to be adequate.

The sealing possibilities are good because of the reduced

number of drill holes, bearing in mind the basic conflict with

the hole-and-roon concept of sealing vs. monitoring and re-

trievability. In the long term, there may be a greater poten-

^
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tlal for radlonucllde transport In the groundwater because a

greater thickness of rock is intersected by the drill holes

within a plan area similar to that in i:he "Baseline" concept.

(c) Operation - Placing the canisters in the long holes and

maintaining canister integrity will be a delicate operation.

Retrievability may not be feasible because of the risk of hole

closure or impediment due to rock instability. The lower can-

isters would have to be specially designed to withstand the

weight of the canisters above without undue damage to the en-

capsulating matrix. The mechanism required to attach each

canister at the end of a retrieval cable is also a source of

some uncertainty, and it may not be possible to demonstrate

satisfactory operation after prolonged emplacement.

Monitoring of individual canisters other than the uppermost

ones does not appear to be feasible, except possibly by means

of complex remote equipment which would probably be difficult

to maintain. Monitoring in rooms should create no problems.

Safety of access to each drill hole is good, as in the "Base-

line" design, but access to individual canisters would require

the retrieval of up to forty others if, in fact, such retriev-

al is possible. The increased handling required in this case

may pose additional safety problems.

Maintenance of rooms, ventilation systems and room monitoring

systems should be easy, but in all other respects maintenance

would be difficult, if not impossible, because of the remote-

ness of canisters from the rooms (or drifts).

Ventilation is not required or possible for heat removal, but

is necessary for personnel and equipment during mining, em-

placement and surveillance.
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3.5.1.5 "Hot Shaft" Concept

(a) Description - The room or drift layout 1B similar to that of

the long hole concept, except that there are two levels, one

vertically above the other. Shafts in which the waste can-

isters are contained connect the upper and lower drifts at 15

m intervals (see Figure 22). The shafts which are about 1.83

m in diameter and either 152 m or 76 m deep are constructed by

drilling a pilot hole from the upper to the lower level of

drifts and raise boring from the lower to the upper level.

Rock cuttings are collected and removed from the lower level

to the racking shaft.

A critical aspect of this operation is ths alignment of the

drifts and of the pilot holes. As the pilot hole becomes

longer the possibility of error increases, and the lower level

drifts have to be made wider accordingly.

From Whitev , 150 mm blast holes can be drilled with maximum

deviation of 1 percent up to 61 m, and directional stability

improves with increased diameter. Harrison et al guarantee

accuracy of 1 percent for raise bored holes well over a hundred

metres deep. This accuracy will determine the size of the

lower tunnel to which the pilot hole is drilled. For a 152 m

hole the deviation could be 1.5 m either way and the lower

tunnel would need to be 4.9 m wide for 1.83 m shaft raising.

For a 76 m hole the lower tunnel would need to be 3.35 m wide.

Both these figures assume accurate setting out of the tunnels ]

and accurate collaring of the pilot hole.

Each shaft contains an annulus of ten 0.3 m diameter canisters

each 3.05 m long, stacked in layers. The upper 20 percent of

the shaft is left unloaded for shielding purposes, as in the
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"Long Hole" concept. Thus the 152 m and 76 m shafts contain

400 and 200 canisters each, respectively. With a panel of 400

shafts, as in the "Long Hole" concept, each containing 400 or

200 250 W canisters, the thermal power is 40 or 20 MW. To

achieve a GTL of 32 W/m requires a room spacing (4 rooms) of

205 m or 103 a, respectively, with each room 1525 m long.

This is a spacing comparable with the "Long Hole" concept from

spacing of 152 m. When the waste canisters are in place, the

shaft can be cooled by'ventilation, assisted by the natural

'chimney1 effect, and then backfilled with bentonite or another

designed viscous fluid with good ion-exchange and heat conduc-

ting properties. A possible alternative is to backfill immedi-

ately after emplacement, with no intermediate ventilation

stage. This concept requires considerable further study of

the thermal requirements of the backfill, and is not discussed

further in this sub-section.

An extension to the "Hot Shaft" concept has been proposed for
(4)

further study in a recent document by CANMET . This exten-

sion, called the "Hot-Chimney" concept uses shorter, more

closely spaced shafts (or chimneys) to give better retriev-

ability of emplaced canisters.

(c) Containment - The NTL in the shafts will be high, and near-

field thermal criteria may be critical except during the

ventilation stage. The behavior of the fluid backfill at

elevated temperatures will need further study. The GTL can be

adjusted by varying the drift spacing, shaft spacing and shaft

depth,

The groundwater inflow can be easily controlled during mining,

emplacement and surveillance by pumping from the lower drifts.

In the long term, provided that It is possible to design the
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backfill fluid economically to have the required thermal and

chemical (ion-exchanging) properties, some variation of this

concept nay provide a more positive method of dealing with the

problem of radionuclide contaminant leakage - at source.

Bentonite has been chosen for the cost estimate since it is

relatively cheap and stable and probably has good adsorption

properties.

Rock stability would be critical in areas subject to excessive

heat where 'spalling' might occur in 'hot spots'.

In backfilling shafts the fluid might have a sufficiently high

thermal conductivity that heat will be efficiently conducted

into the rock mass, avoiding the spalling and other thermal

problems.

Radiation shielding in the upper drifts should be adequate if

an empty section is incorporated at the top of each shaft.

Allowances have been made in the cost estimate for a space at

the top of the 76 m and 152 m shafts of 16 m and 33 m respec-

tively, although the latter figure may be excessive.

The sealing potential is good once ventilation ceases. As

discussed above, the bentonite type of backfill may provide

superior protection against long-term radionuclide contaminant

leakage. A decision would have to be made, based on both

technical and economic considerations, on whether to backfill

the whole repository, just the storage shafts, or the storage

shafts and lower drifts only. If the storage shafts only are

to be filled, numerous bulkheads will be necessary.
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(c) Operation - The placing of canisters will require special

but probably not sophisticated hoisting equipment. The lower-

ing of a complete layer of 10 canisters at one time in a

simple frame could be quite straightforward. During the

ventilation phase, provision could be made for the retrieval

of single canisters if the hoisting frames are made permanent

and fully load bearing. Otherwise the complete storage shaft

would need to be unloaded, a layer at a time, in order to

remove an individual canister at or near the shaft bottom.

The ability to remove single canisters would involve relatively

sophisticated equipment and may not be economically justifiable.

The potential for monitoring the canisters is good although a

remote system will be required within the shafts.

Access safety in the drifts should be good with safeguards in

the immediate area of the shafts, but access within the shafts

may not be feasible.

Maintenance within the rooms should be straightforward, but

the probable restricted access to the shafts means that they

will have to be unloaded for maintenance to canisters, racks

or shafts.

Ventilation will probably be required for initial heat removal

from the shafts, though assistance from natural convection

could be considerable, due to the chimney effect in the shafts.

3.4.2 Effect of Room Geometry of Alternative Concepts On Repository
Layout

3.4.2.1 "Baseline". "In-Room" and "Floor-Trench" Concepts

For each of the first three storage concepts, "Baseline", "In-

Room", and "Floor-Trench", the repository layout is the same as detailed

in Section 2 and summarized in Subsection 3.4.1.1.
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3.4.2.2 "Long Hole" Concept

In the "Long Hole" concept the basic panel as described in

Subsection 3.4.1.4 provides storage for only 96 000 canisters. For the

total storage requirement of 1 081 900 canister?, 11 full panels and one

reduced panel are therefore required. Figure 25 shows a possible single-

level repository layout incorporating 12 full panels. Access is via one

main haulageway with six panels on either side and the shaft pillar in a

central position above the haulageway. Since the GTL's of this concept

and the "Baseline" concept are similar, the plan areas are also similar.

If, for improved sealing possibilities, more flexible phasing

of excavation and emplacement or for other reasons, smaller panels are

required, overall layouts similar to the "Baseline" concept could be

utilized at the expense of excavating more access ways.

3.4.2.3 "Hot Shaft" Concept

À similar panel layout to the "Long Hole" concept is envisaged

for the "Hot Shaft" concept with shafts and rooms spaced to achieve the
o

required GTL of 32 W/m . Each panel contains either 160 000 or 80 000

canisters depending on whether 152 m or 76 m shafts are used. For the

total storage requirements of 1 081 900 canisters, approximately 7 or 14

panels, respectively, are necessary. These panels can be arranged about

a central shaft and haulageway corridor in a similar manner to the

panels in the "Long Hole" concept.

3.5 OVERVIEW OF MINING EQUIPMENT

3.5.1 Shaft Sinking Equipment

Shaft sinking has been developed to a fine art and the equip-

ment is generally of very specialized design and used only for a single
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purpose. The shafts of this repository will» in all probability, be

sunk under very favorable conditions with no groundwater, rock instabil-

ity or other adverse conditions, as compared to shaft sinking for access

to an ore body, where one does not have the freedom of shaft site selec-

tion. Almost all large shafts are drilled and blasted using either hand

held 'sinker' drills or mechanical shaft jumbos. Once the explosive has

been loaded and the sinking round detonated, then the waste rock is

loaded into the rock buckets by a mechanical shovel suspended from the

shaft sinking stage platform.

In general, the major equipment necessary for a normal shaft

in hard, competent rock is:

(a) Rock drills

(b) Mucking machine

(c) Multistage work platform

(d) Sinking hoist

(e) Mucking hoist

(f) Miscellaneous timber, concrete forms, rock bolt drills, etc.

The art of shaft sinking is very complex and would require a

separate volume for adequate detailed description. By working three

shifts per day, a good shaft sinking crew could possibly advance an

average 6 m/d. although a more realistic rate would be in the neighbour-

hood of 5 m/d. It would therefore take almost a year to sink a 1000 m

shaft.

3.5.2 Raise Driving Equipment

Vertical excavation in mining is commonly denoted as raising,

where an opening is excavated to connect one level to a higher level, or
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even to the surface. As the name implies, raising is accomplished up-

wards from a lower opening to a higher opening. There are two ways that

a raise may be driven. The first involves drilling and blasting conven-

tionally from a working platform constructed below the face with the

fractured rock being removed by gravity and consequently loaded into a

transport vehicle and hauled away. This method requires the following

major equipment:

(a) Rock drills

(b) Timber or other platform material

(c) Rock transportation equipment.

A second method of excavating raises is by the use of a raise

boring machine. Briefly, this machine is a large drill which bores a

fairly large (0.25 to 0.50 m diameter) pilot hole'from one level opening

to a lower one. Then the pilot drill bit is removed and the finish dia-

meter reamer bit is attached. The raise borer than back-reams the pilot

hole to the finished raise diameter from the lower to the upper level.

The broken rock falls down the raise where it is removed by a suitable

haulage device. The equipment necessary for raise boring is:

(a) Raise boring machine

(b) Rock haulage equipment.

The production rates for raise driving can vary considerably.

Preparation prior to actual raise excavation can be considerable, pos-

sibly up to a week per raise. Conventional raising, i.e. by drilling

and blasting, is usually quite slow, 2.4 to 3 m per shift when using

ladders and cribbing; however, use of mechanical raise climbers can

increase this rate considerably. The mechanical raise borers require

extensive setup time prior to drilling. Penetration rates are directly

related to the strength of the rock. For the hard rock in the Canadian
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raises (between 1.2 and 1.80 m In diameter). Larger raises would advance

at a much slower rate.

3.5.3 Tunnel Excavation

Horizontal excavation for this repository would encompass the

excavation of the main haulageways, ventilation drifts and storage

rooms. The smallest of the headings would be the 2.5 m wide by 3.1 m

high ventilation drifts, and the largest would be the 5 m high by 6.3 m

wide storage rooms. For excavations of this size, mechanical drill

jumbos are generally used, of which there are a large number of off-the-

shelf machines readily available. These jumbos are available to fit any

mining plan, from mobile, rubber-tired, diesel-powered models to stand-

ard rail mounts. The drills themselves are normally pneumatically

driven with bores from 120 mm to 150 mm. The new electro/hydraulic rock

drills are becoming increasingly popular. Once the rock has been broken,

it is then loaded Into the haulage equipment and transported to the

shaft; from there it is hoisted to the surface.

The major equipment required for the excavation of haulage-

ways, ventilation drifts and rooms is:

(a) Drill jumbos

(b) Mucking equipment

(c) Haulage equipment.

Various sizes of equipment would be required, as the small

ventilation drift would require equipment much smaller than that which

is used for excavating the rooms and main haulageways.
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For the type of tunneling excavation being considered for the

repository, a typical drill 'round' will provide for 3 to 3.65 m of

advance. One 'round* per shift is generally obtainable, which could

give upwards of 10 m of advance per day. A critical study of types and

amounts of equipment is required to optimize the extraction rate.

3.5.4 Benching or Trenching Equipment

To excavate trenches in the floor of the room, the most effi-

cient drill for this purpose would be one of the small crawler-mounted

quarry drills which are available from a variety of manufacturers.

These machines carry boom-mounted, pneumatic rock drills on a rugged

air-powered crawler chassis. The drill itself would be in the 120- to

140-mm bore range, drilling 70 to 100 mm diameter blast holes. Normal

single-pass drilling would be about 2.5 m; however, longer drill steel

and guide shells are available.

The methods of removal of rock from the trench would depend on

the size and layout of the trench and its relationship to the storage

room.

Trenching excavation rates are dependent upon the type of

blast hole layout required, which is determined by the geometry of the

trench. For this repository a very narrow trench, which could be diffi-

cult to excavate, will probably not be considered. The smoothness and

competence of the walls could be a definite production problem, requiring

special, time-consuming blasting techniques such as pre-splitting or

smooth wall blasting techniques. As a result, the rate of excavation is

not easily predictable until the actual design and rock type is chosen.
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3.5.5 Potential Problem Areas In Mining Operations

The excavation of the shafts, raises, ramps, haulageways and

storage rooms poses no unusual problems. This is standard mining en-

gineering where there is over a century of mining expertise available

in the northern Canadian Shield. The only problem purely associated

with mining is the drilling of the large diameter canister emplacement

holes. Normal underground mining operations do not require drilling of

very large holes.

The large raise boring machines are certainly capable of

drilling 30 to 50 cm diameter pilot holes; however, setup time may be

as much as several days per drill hole. There are also a large number

of commercially available diamond drills, which could drill the canister

emplacement holes, and this may be a viable means of production.

In any case a detailed analysis of the drilling task is neces-

sary before determining the optimum means and mechanism for drilling

these large diameter holes. It may well be necessary to design a dril-

ling machine for the specific purpose of drilling the canister emplace-

ment holes. There is almost 5000 km of large diamond-drill holes re-

quired to store the 250 W canisters. An approximate cost of 60 dollars

per metre is not unreasonable, which would give a drilling cost estimate

of the order of 300 million dollars. Even a small increase of the effi-

ciency could pay for the development of custom-made drilling equipment

and save millions of dollars overall.

3.6 WASTE HAHDLING FACILITIES

3.6.1 Surface Facilities

The surface waste handling facilities are assumed to consist

of:
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(a) A receiving and unloading facility for transport flasks in

which the canisters, prepared elsewhere, are brought to the

repository. The flask unloading station, enclosed for pro-

tection from weather, would receive shipments by either rail

or road.

(b) A hot cell in which flasks are opened and the canisters re-

moved and inspected. Since exterior contamination of the

canisters should be very small, this cell is expected to

accumulate a minimum of residual activity. With all canisters

removed, the cell should be reasonably accessible for main-

tenance.

(c) A temporary storage for incoming canisters, to allow main-

tenance of other handling equipment without the necessity of

halting deliveries.

(d) A canister handling system capable of moving canisters between

the hot cell and the storage and capable of loading them on

the mine hoist. The hoist may receive and transport a number

of canisters at a time, the canisters being supported and pro-

tected by a crate or frame.

(e) A control room from which the system is operated.

It has been assumed that the waste will be delivered from a

source remote from the repository. However, the flask-receiving facility

could be limited if a fuel reprocessing plant is located at the reposi-

tory site. In this event, the canisters can be delivered to the repo-

sitory via a conveyor system running through a shielded corridor and

connecting with the hoist loading system. Even so, a transport flask

receiving facility should be retained in order to provide the ability

to receive waste from any source.
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At this stage of the repository study, the canister-handling

system has simply been taken into account but has not been laid out in

any detail. In view of the extensive and successful Canadian experience

in handling spent fuel, it seems reasonable to judge that such a system

is entirely feasible. The normal amount of engineering and development

will be involved but no unusual problems are expected.

3.6.2 Underground Emplacement System

The mine hoist can be considered as the first step in under-

ground transport and it will deliver canisters to a transfer station on

the repository working level. The transfer station is seen as being a

chamber capable of containing a number of canisters in order to serve as

a buffer between the hoist and the underground transport system. Proper

underground transport and emplacement is taken to be by monorail, oper-

ated remotely, and monitored by television. This presently appears the

most efficient and economical approach, although shielded, rubber-tired

transporters might be considered.

Depending on the complexity of the design of the emplacement

and underground transporters, it may be desirable to construct a large

number of rooms, install the equipment and operate on a trial basis for

an extended period before starting construction and operation of the

final repository. This trial phase is not elaborated on in this report.

It must be expected that a carriage carrying a canister will

fail sooner or later and will have to be retrieved for maintenance. In

this case, a shielded maintenance vehicle will be required, battery- or

diesel-powered and rubber-tired. It can be slower than the monorail

transporters and, since it will be in use only occasionally, it might

double as a means of inspection of active repository areas.
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As in the case of the surface handling system, this under-

ground system is judged to be feasible, and detailed studies have not

been undertaken at this time. However, since underground transport and

emplacement, with capability for inspection or retrieval, will be criti-

cal to satisfactory operation, a thorough study of this system might

well be included in the next stage of the project. The complete system

should emphasize reliability and simplicity. It may be desirable to

build and laboratory-test a prototype of the transport system prior to

its installation in the repository. A basic conceptual design will be

needed before accurate estimates of the time required for each operation

can be established.

3.6.3 Canister Cladding

Depending on the requirements of the canister cladding, it

could be made of a variety of materials. Because of the large number

required (in excess of one million) there will be some pressure to keep

the unit cost to a minimum.

As a basis for cost comparisons, it is assumed that the mini-

mum requirement of the cladding is to act as a satisfactory mechanical

container during the transport of the canisters from the spent-fuel

processing facility to the final emplacement location. This requirement

could be translated into say, a welded carbon steel cladding 3 mm thick.

If the requirements of the cladding extend to a minimum accept-

able unbreached containment life, the material may have to be stainless

steel in order to resist the potential corrosion with the repository.

A 6 mm thick stainless steel cladding is expected to have a minimum life

of the order of 2500 years (see Section 3, AECL-6188-2).

Other materials might be considered but their consideration is

outside the scope of this report.
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3.7 TEST FACILITY

3.7.1 Layout

The test facility conceptual layout is sized to provide rooms

for in-situ experiments to confirm the acceptability of the site and

validate the design. It is proposed that six rooms can be constructed

as the first stage of construction of one of the final repository

panels. Figure 26 illustrates the relative size and position of the

test facility in relation to the full-scale single-level repository.

Figure 27 shows a plan view of the test facility with details of haul-

ageways and storage rooms.

Two main shafts have been allowed for in the test facility.

It is assumed that any emplacement operation will follow the excavation

phase, only when all the excavations are complete. On this basis, one

shaft can be utilized for radioactive waste hoisting, emergency access

and ventilation, and the other for man and materials hoisting and venti-

lation. Should the site prove to be acceptable, two further shafts

could then be sunk for full-scale operations. The shafts are sunk to a

depth of 1000 m.

It is assumed that simulated waste canisters will be used for

experiments in the test facility. Initially, they may include heaters

and, later, spent fuel may be emplaced in canisters. A fuel reproces-

sing facility may not be operational in Canada until approximately year

2000 and, consequently, experiments with the actual waste may not be

possible until then, unless imported waste is used.

At this stage, only the construction concepts of the test fa-

cility have been considered. More detailed development of the test

program will be necessary before this size of test facility can be shown

to provide sufficient information and be representative of the final

repository.
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3.7.2 Excavation Requirements

In addition to the two shafts, the test facility requires

approximately 800 m of main haulageway, 100 m of sub-main haulageway,

1200 m of ventilation drifts and six rooms. The excavated volume is

less than 90 000 m , or about 0.6 percent of the total excavation re-

quirements.

3.7.3 Excavation Sequence

Obviously, the access shafts are constructed first. There are

several options for the shaft construction; viz:

(a) Sink both shafts concurrently

(b) Sink both shafts in sequence

(c) Sink one shaft and on completion raise the other shaft.

Figure 28 shows a bar chart of the excavation task for the

test facility. The shafts are sunk prior to any other work, followed by

the shaft bottom facilities, skip pocket, rock bin, sump, access between

shafts, and drifts to the bottom of the ventilation shafts. Immediately

thereafter the ventilation drifts and main haulageways are driven. Once

these progress to where the first panel submain haulageway is accessible,

excavation of the first room may commence.

The bar chart shows the need for about 2.5 years to complete

excavation of the test facilities. The exact time constraints and dura-

tions of the tasks are not fixed and may be changed; however, the se-

quence of operations will not change significantly.
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3.7.4 Surface Facilities

The necessary waste-handling facilities for the test facility

at the ground surface are assumed to be similar to those in the full-

scale repository discussed in Subsection 3.6.1, but on a reduced scale.

Some simplifications may be necessary depending on the quantities of

radioactive material to be handled.

Surface facilities other than those for waste handling (e.g.

townsite infrastructure) are not considered in this report.

3.7.5 Underground Emplacement System

It will be necessary to test the underground emplacement

system at some stage in the test facility. It will probably be appro-

priate to do this after the initial heater and other experiments are

complete. The equipment should be the same as that proposed for the

final repository, as discussed in Subsection 3.6.2.

3.8 COST ESTIMATES

3.8.1 General

The cost of the repository has been broken down into construc-

tion (capital) and operating costs, for both surface and underground fa-

cilities. It has been assumed that the construction costs of the sur-

face facilities will be much the same for the various geometrical arrange-

ments of underground facilities and storage conditions. The alternative

conceptual designs are defined in sufficient detail so that a comparison

of construction costs of the underground facilities (which will be major

capital cost) is possible, although each total cost may be in some error

in absolute terms. The determination of operating costs both above and

below ground is a complex task, and is only considered briefly in Sub-

section 3.8.9 for the test facility.
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3.8.2 Underground Construction Cost Data Base

Unit costs have been assembled for the basic excavation oper-

ations and for bulk materials such as bentonite and crushed rock. These

costs are based on precedent costs' derived as far as possible from pro-

jects of a similar nature. It should be recognised that the diversity

of the initial data base makes the values chosen a matter of some judg-

ment. Cost estimates for even relatively straightforward operations are

frequently subject of some dispute depending on the estimator's past ex-

perience. In particular there is a considerable difference in unit exca-

vation costs for a mining or a civil engineering operation, because of

the difference in end use of the created space, and the associated exca-

vation methods and philosophy.

The repository will be on a scale comparable with many mines

but the end use will be more comparable with civil engineering projects.

Thus some judgment has been exercised and the resulting figures are

probably open to some dispute. When comparing schemes, the costs should

be more reliable. The unit costs adopted are summarized in Table 1.

The excavation rates include allowances for labor, equipment

depreciation, and materials for the complete excavation cycle from intact

rock breakage to removal to the head frame, and allowances for ventila-

tion and other services. The materials unit costs reflect the material

costs in place inclusive of transport, handling and placing costs. It

was assumed that the repository will be in the vicinity of the Sudbury -

Timnins area for the purpose of obtaining transportation costs of ma-

terials.

The costs quoted are direct costs as of 1976, plus allowances

for contingencies, overheads, conventional engineering and administra-

tion. Not included are profit, interest charges, research and special-

ized design. Because of the long schedule of construction the interest

charges and cost of inflation could be unusually high.
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3.8.3 Alternative Layout Cost Estimates

The estimated construction costs for the alternative layouts

for a single-level repository are compared in Table 2. It should be

emphasized that these figures provide only a basis for comparison of the

alternative schemes, and many common items - emplacement equipment,

sealing, monitoring, maintenance and ventilation costs (both capital and

operational), are not included. The costs of crane tracks for .emplace-

ment operations are included.

A common cost of 30 million dollars is included to provide four shafts

to a depth of 1000 m. This figure includes allowances for basic shaft

linings and furnishings such as hoisting equipment and service lines.

In the first three concepts, the cost of the heading type of
o

excavations plays a large role. Increasing the GTL to 128 W/m from 32
2

W/m allows an approximate fourfold reduction In this cost. However,

this may be offset by the cost of additional ventilation for heat re-

jection, but this additional cost will probably be significantly less

than the savings in excavation costs.

In the "Long Hole" and "Hot Shaft" concepts, the total length

and cost of headings is much reduced and the cost emphasis is in the

holes or shafts. Alternative higher GTL's have not been explored in

these concepts, but it appears that the potential for savings in heading

costs is not great. Deviation tolerances for the shafts and holes will

tend to work against much increased GTI.'s. Emplacement costs as pre-

sented in Table 2 include the excavation and materials (including crane

tracks installed) costs other than those associated with the provision

of shafts, access headings and ventilation headings. In the "Baseline"

concept the emplacement cost is mostly due to the provision of the drill

holes. The only means to reduce the magnitude of this cost is to use

canisters of higher thermal power, e.g. 2500 W instead of 250 W. Al-

though there may be some near-field thermomechanical problems with this

option, the potential savings are considerable» irrespective of the GTL

adopted.
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The emplacement costs in the "In-Room" concept are attractively

low, but safety, access and other problems detailed earlier in this re-

port should not be overlooked. The thermal ventilation cost is not in-

cluded, but this is not expected to be a major addition.

The "Floor-Trench" concept appears to be more expensive than
2

the "Baseline" for 250 H canisters emplaced at a GTL of 32 W/m . How-
o

ever, at a GTL of 128 W/m , the "Floor-Trench" concept (then a "Hot-

Trench") shows substantial savings. It does not appear to be possible

to increase significantly the GTL of the "Baseline" scheme using 250 W

canisters because of limitation on hole spacings. The "Floor-Trench"
2

concept at 128 W/m GTL's is possibly a realistic-engineered alternative

to the "Baseline" concept, provided that the potential thermal problems

can be evaluated and resolved. The use of a geochemical backfill (e.g.

bentonlte type) with good adsorption properties is also a possibility in

this concept. Various engineered room ventilation and canister cooling

systems appear to warrant study in this context.

The total cost of the "Long Hole" concept, as estimated in this

report is not greatly different from that estimated by the originator of

the concept. The estimate for 96 000 canisters is about 28 and 21 mil-

lion dollars, respectively. However, in the current costing, heading

costs are lower and hole drilling costs are higher than in the original.

The higher drilling costs are mainly due to the assumption of larger

diameter drill holes to conform with the 250 W canister diameter of 0.3 m

specified, with an oversize allowance because of the length of the hole.

The relatively attractive cost of this concept must be weighed against

the loss of retrieyability, which must be considered to be marginal at

best. There may also be near-field thermal problems, particularly near

the room floors. If the diameter of the canisters is reduced and the

same length and total power retained, smaller diameter holes could be

used and the lower drilling costs would apply. The potential savings
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with smaller diameter (say 0.2 to 0.25 m) canisters of higher power per

canister (say up to 2500 W) is considerable, although the retievability

will be even more uncertain with the smaller holes.

The "Hot Shaft" concept is relatively expensive in terms of

emplacement costs with little apparent opportunity for cost reductions.

However, the potential containment superiority of the bentonite type of

backfilling may warrant further consideration for this concept.

3.8.4 Effect On Costs Of Multiple- Compared With Single-Level
Repository Layouts

In comparing the cost of construction and operation of a

multiple-level repository with that of a single-level repository there

are many trade-offs which must be made, and some costs which will remain

sensibly the same. The complexity of the trade-offs is such that a

numerical cost comparison is not possible at this stage due to the lack

of available hard data concerning many of the construction and operation

aspects of even the simplest single-level concept. However, the cost-

affecting items are relatively easy to identify with an approximate

indication of their overall importance. Probably the most important

variable items are the excavation quantities and the haulage costs in

both excavation and emplacement operations.

3.8.4.1 Excavation Costa

As discussed in Subsection 3.3.2.2, the multiple-level reposi-

tory will require additional and more complex excavations which, although

contributing to accessibility and safety, may cost more than single-

level excavations, with haulage costs neglected.
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3.8.4.2 Haulage And Hoisting Costs

The obvious major cost benefit from using a multiple-level

repository is the reduction in haulage distance for both the excavation

and emplacement operations. The use of four levels instead of one

allows a reduction in average haulage distances by a factor of a little

less than two. (The shaft pillar is assumed to be of constant plan area

in both cases). However, much of the excavation has a relatively high

fragmentation cost (large drill holes in particular), and the haulage

cost may only be a small percentage of the total excavation cost, pos-

sibly of the order of 5 to 10 percent.' Halving the haulage distance

will probably reduce excavation costs by less than 5 percent of a four-

level case, considering that muck loading and unloading operations will

take the same amount of time irrespective of the haulage distance. The

trade-off between reduced excavation haulage costs in the multiple-level

repository, compared with the smaller quantity of less complex excavation

in the single-level repository, therefore appears to be marginal, without

the benefit of detailed cost analyses.

In the canister emplacement operation, the loading and un-

loading of transporter vehicles will also take the same amount of time

irrespective of haulage distances. This time, in conjunction with the

haulage time, will help determine the number of transporter vehicles

required and the cost of the emplacement operation.

The reduced energy costs afforded by reduced haulage distances

are unlikely to be a significant factor in either excavation or emplace-

ment. The broken rock and canister hoisting costs will be much, the same

for both single- and multiple-level repositories excavated at a similar

level.
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3.8.4.3 Additional Cost Considerations

Cost-affecting variables in the multiple-level repository

which are judged at this stage to be relatively minor include:

(a) Reduction in site plan area and exclusion area

(b) Easier compliance with access/safety regulations

(c) Reduced ventilation drift length

(d) More complex hoisting controls, shaft access and shaft

furnishings

(e) More complex ventilation circuits

(f) More complex thennomechanical and groundwater conditions

(possibly no effect on costs).

3.8.5 Effect of Repository Depth on Cost

The main benefits to be obtained with an increasing depth of

the repository level(s) are a reducing rock mass permeability and im-

proving overall containment. This has to be paid for with increasing

groundwater pressures, in-situ rock stresses and temperatures leading to

increased construction costs. The shafts are deeper and more expensive

and the shaft construction schedule is extended. Hoisting time and costs

for excavated rock and for canister emplacement are also increased.

From a rock mass permeability viewpoint, it is probably not

necessary to go below a depth of 5Q0 to 1000 m> and therjnomechanical

rock problems could be severe below about 15Q0 to 20Q0 m. Radiological

containment is probably entirely adequate at much shallower depths, but

the requirements for containment of leached radionuclide contaminants in

the groundwater have yet to he resolved (see Section 3, AECL-6188-2).
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Within the depth range of 500 to 1500 m it is probable that

the more significant cost variables are the shaft excavation cost and

schedule. The 1000 m depth variation would lead to a shaft cost vari-

ation of the order of 30 million dollars for the four shafts and a

schedule variation of the order of one year. Even these values are not

very significant in the context of the overall cost and schedule of the

repository construction. It can be concluded that the repository depth

has little bearing on the cost within the probable depth range of 500

to 1500 m.

3.8.6 Surface Waste Handling Facility Costs

Approximately 10 000 canisters per year may be handled initi-

ally during the operation phase, increasing to about 70 000 canisters

per year at the end of the operational phase . It is expected that

the handling facilities will be expanded as the need arises over this

period of time and that, with some common use of existing facilities

such as the control room and decontamination facilities, it will be

possible to achieve the required sevenfold increase in capacity with

only a fivefold increase in cost. The operational expansion of facili-

ties would then constitute an additional cost of four times the trial

phase cost and the total operational cost allowance is:

Surface Handling $6 000 000.

3.8.7 Underground Waste Handling Facility Costs

For the underground handling system, there will also be a

sevenfold increase in the number of canisters to be handled during the

operational phase, but some equipment will not need duplication or will

at least require multiplication by less than a factor of seven. Major

examples are the mine hoist and the control room. On the other hand,

crane tracks and their control systems will be multiplied directly as
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traffic increases and maintenance will become more extensive as the

physical extent of the repository increases. It is assumed that the

crane tracks will not be removed» once installed, and thus an allowance

must be made for permanent tracks in every room. This is a major cost

item.

Allowances have already been made for crane tracks in the

underground construction cost estimates for the alternative concepts.

For the remaining underground equipment, the operational cost

estimate is:

Underground Handling $10 000 000
(excluding crane tracks)

(Crane tracks cost estimate .... up to $80 000 000).

3.8.8 Canister Cost Estimate (Not Included In Cost Summaries)

Two possible canister cladding alternatives have been discus-

sed in Subsection 3.6.3. One alternative is 3 mm thick carbon steel,

the other 6 mm thick stainless steel, both fabricated into 3 m long by

0.3 m diameter cylinders. The cost of these alternatives is estimated

to be approximately $50 and $500 per canister, respectively. For the

final requirement of 1 081 900 canisters the total costs are then approxi-

mately $54 000 000 and $540 000 000, respectively. It should be noted

that the latter figure is of the same order as the total underground con-

struction costs of several of the alternative storage concepts (see

Table 2).

The decision on whether or not to use stainless steel cladding

will depend on the. results of detailed hydrogeological and waste contain-

ment studies (see Section 3, AECL-6188-2). if in-situ chemical investi-

gations are favorable, it may be possible to demonstrate that the re-
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tardation of transport in groundwater due to sorption is sufficiently

effective and reliable and that the additional containment provided by

stainless steel cladding is insignificant in comparison, and therefore

not worth the cost.

3.8.9 Test Facility Cost Estimate

The estimated capital costs of the test facilities, as de-

scribed in Section 3.7, are as follows:

($ million)

(a) Shafts (test facility - 2 shafts)

(b) Headings (100 000 m3 @ $20/m3)

(c) Drill Holes

(d) Crane Tracks (2000 m x $196.8/m)

(e) Surface Waste Handling Facilities

(see Subsections 3.6.1 and 3.7.4; includes

receiving, hot cell, unloading, temporary

storage, mine hoist unloading, control room

and decontamination facilities. The estimate

includes buildings, shielding and ventilation,

but assumes that heat, light, power and such

normal plant services are provided as a site

service) 1

(f) Underground Waste Handling Facilities

(see Subsections 3.6.2 and 3.7.5); includes

mine hoist, working level transfer station,

two powered carriages, closed circuit tele-

vision monitors, control room and prototype

maintenance vehicle) 1

Total: 20
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The operation costs consisting of salaries for 19 waste-

handling and maintenance staff and maintenance costs are estimated to

be of the order of $500 000 per annum. The staffing requirement is

estimated to be as follows:

Shift Supervisor 1

Flask Receiving 2

Decontamination 1

Surface Control Room 2

Health Physicist 1

Radiation Technicians 2

Maintenance Crew Chief 1

Maintenance - Mechanical 1

Electrical 1

Controls 1

Underground Crew Chief 1

Underground Systems Operators 2

Waste Scheduling and Records 2

Secretary _1

Total: 19

The overall repository management, administration and security

and experimental staff costs are not included. These capital and opera-

ting cost estimates are only approximate.

3.8.10 Capital Cost Summary

The estimated capital costs of the various repository elements

and concepts have heen presented in Subsections 3.8.3 (see Table 2),

3.8.6, 3.8.7, 3.8.8 and 3.8.9. Cost-affecting alternatives such, as

single versus multiple.levels and repository depth have been discussed

but the actual costs have hot been considered due to lack of definition
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at this stage. The variations in cost associated with these latter

alternatives are not expected to have much effect on the total cost.

The capital cost estimates for the full-scale single-level

repository alternatives can be summarized as follows:

$ million

(a) Shafts 30

(b) Headings and Emplacement 95 to 755

(c) Surface Waste Handling Facilities 6

(d) Underground Waste Handling Facilities _10

Total: 141 to 801

Because of the range of options which have been discussed and

not yet optimized, it is not possible at this stage to narrow this range

further. However, it is probable that some of the features of the less

expensive options' will not be acceptable from either a containment, re-

trievability or thermal criteria viewpoint. The more expensive options

are not necessarily better technically and thus the cost range, after

further study and optimization, will probably be narrower than indicated.

Again the approximate nature of these cost estimates must be emphasized.

The capital cost estimate for the test facility using the

"Baseline" storage concept and developing six' rooms, including excava-

tions for in-situ experiments, was $20 000 000 exclusive of research and

specialized design costs.

3.9 SUMMARY AMD CONCLUSIONS

Various alternative storage concepts have been discussed and

compared with the "Baseline" concept as developed in Section 2. The

technical feasibility, cost and incentive for further development of the

alternatives are summarized below:
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I 3.9.1 2500 W Canisters Compared With 250 W Canisters

S
I (a) Technical Feasibility - Although a 2500 W canister could be

\ made of the same size as the specified 250 W canisters ,

L thermal conditions, especially in the near field, require

jf further evaluation. Using these canisters, the mine layout

% could remain similar to the "Baseline" concept layout, but
if

\- with much reduced drilling and haulage requirements. The

L hotter canisters may require more shielding or sophisticated

[ equipment for handling purposes.
; It may be possible to develop a design with GTL greater than

2
32 W/m using 2500 W canisters if an engineered cooling system

can be developed. The possible use of finned canisters and

heat pipe concepts should be examined. The system would need

to be very simple and reliable. The cost of such systems

should offset the mining cost reductions but has not been

evaluated.

2

(b) Cost - Given the same GTL, 32 W/m as in the "Baseline" con-

cept, the use of 2500 W instead of 250 W canisters could lead

to a tenfold reduction in drill hole quantities and cost.

This could result in a saving of the order of $270 000 000.

Haulage costs during emplacement would also be reduced approxi-

mately tenfold in comparison with the equivalent "Baseline"

concept.

(c) Development Incentive - If the "Baseline" emplacement concept

is utilized, the potential drill hole cost savings using 2500 W

rather than 250 W canisters provide a considerable development

incentive as fas as the repository is concerned. However,

other possible extra costs from the reprocessing facility need

to be included before proceeding.
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3.9.2 Multiple-Level Compared With Single-Level Layouts

(a) Technical Feasibility - From a preliminary construction and

operation viewpoint, a multiple-level repository appears to be

a feasible alternative to a single-level repository. Further

study of thermomechanical and groundwater conditions is re-

quired, but there are no obvious limiting problems in these

areas. A multiple-level repository offers considerable po-

tential advantages in terms of the efficiency of the emplace-

ment operation and also a general reduction in haulage dis-

tances. The more compact layout in plan of the multiple-level

repository may make for more reliable site investigation

results and waste containment reliability.

(b) Cost - The cost of a multiple-level repository is not likely

to be significantly different from that of a single-level re-

pository. The total excavation quantities will be similar,

and although haulage distances will be less, this will not

lead to significant cost savings since haulage costs are a

minor part of the total excavation costs. The emplacement

operation could be more efficient in a multiple-level reposi-

tory but again the cost savings may not be significant.

(c) Development Incentive - The additional development effort

required to establish the feasibility of a multiple-level com-

pared to a single-level repository is probably not too large.

The main incentives appear to be a potentially-greater effi-

ciency of the emplacement operation and possibly better con-

tainment. Assessment of the advantages should probably wait

until several potential sites have been considered and the

geology established.

I • •

I
1
6
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3.9.3 Alternative Layouts (Single-Level)

(a) Technical Feasibility - Definitive statements regarding the

technical feasibility of the 5 alternative concepts discussed

In Section 3.4 (see Figure 22) are not possible at this stage.

All the alternatives require a considerable amount of work to

establish feasibility, particularly those with a GTL of 128

W/m and the "In-Room", "Long Hole" and "Hot Shaft" concepts.

(b) Costs - The underground construction costs have been sum-

marized in Table 2. The least expensive alternatives are the

"Baseline" concept with 2500 W canisters, the "In-Room" con-

cepts, the "Floor-Trench" concept with 250 W canisters at a

GTL of 128 W/m , and the "Long Hole" concept.

(c) Development Incentive - The less expensive concepts provide

the most incentive for further development. The potential

limitations of some with regard to thermal, retrievability and

containment criteria should be evaluated in the next stage of

study so that the better alternatives can be selected on both

economic and technical feasibility grounds.

3.9.4 Mining Equipment

(a) Technical Feasibility - All of the mining and drilling

operations required in the alternative concepts are feasible

with presently available mining equipment. However, the

equipment for drilling large numbers of emplacement holes up

to 0.38 m in diameter, with restricted headroom, requires

further development for an efficient operation.

(b) Cost - The capital cost of the mining equipment has been in-

cluded in the cost estimates for underground construction. In
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general the equipment required will be standard mining or

civil engineering construction equipment, with no unusually

expensive items except possibly the large diameter drilling

equipment. Because of the length of the construction schedule

and the large excavation requirement, it can be assumed that

all the capital cost of the equipment must be written off on

the project.

(c) Development Incentive - The major development Incentive lies

with the large diameter drilling equipment. The estimated cost

of the drilling in the "Baseline" concept is of the order of

$300 000 000. A substantial investment can therefore be justi-

fied to produce even modest improvements in drilling performance

and cost.

3.9.5 Waste Handling Facilities

(a) Technical Feasibility - The surface handling facilities can

be considered as similar to facilities already in existence in

the nuclear fuel processing and handling industry. As such,

the feasibility is considered to be established.

The underground handling system has not been studied in detail.

However, it is apparent that the safe movement of canisters

horizontally over distances up to about 2 km is a component of

the system requiring considerable further study.

The use of manned emplacement vehicles (probably rubber tired

or on rail tracks) has a radiological shielding requirement

which implies very heavy and expensive vehicles. This nay not

be feasible on a routine basis and a remotely-operated over-

head crane track system may be preferable. Assuming that the
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tracks will not be removed from the rooms once canisters are

emplaced (lessening personnel shielding requirements, and im-

proving retrievability), a substantial cost will be incurred

in the provision of tracks for the whole repository.

(b) Cost - The estimated cost of the surface waste handling

facilities is relatively minor in comparison to the overall

construction cost, of which the underground excavation costs

form the major part.

The cost of the underground emplacement system may be con-

siderable, either due to the cost of many heavily shielded

manual emplacement vehicles or to an extensive crane track

system. In the "Baseline" concept the approximate cost of the

tracks has been estimated to be $80 000 000 in a total capital

cost of the order of $600 000 000.

(c) Development Incentive - A detailed analysis of alternative

underground handling systems will be necessary to produce an

optimum and efficient emplacement operation. The cost savings

could be significant.

3.9.6 Canister Cladding

(a) Technical Feasibility - The outer cladding for the mechani-

cal containment of the glass matrix which contains the radio-

active waste has not been studied in detail. It has been

assumed that both carbon and stainless steel would be satis-

factory in the short term (i.e. during transportation and

emplacement operations) and that cladding fabrication is

feasible with these materials. Other materials might be

considered. The final choice of type and thickness of clad-

ding material will depend on long-term containment requirements.
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(b) Cost - The cost of 3 mm thick carbon steel cladding for a

single canister has been estimated to be of the order of $50

per canister or $54 000 000 for all the canisters. The cor-

responding estimates for 6 mm stainless steel cladding are

$500 per canister and $540 000 000 for all the canisters.

(c) Development Incentive - In view of the very high cost in-

volved in using stainless steel cladding material (to give a

corrosion resistant life of thousands of years), there is a

considerable incentive to establish the detailed requirements

of the cladding. This is considered further in Section 3,

AECL-6188-2.

3.9.7 Test Facility

(a) Technical Feasibility - The test facility is planned as the

initial stage of the final repository. Given the successful

selection of a suitable site with the required geological and

hydrogeological conditions, the construction of the test fa-

cility, as described in Section 3.7, is considered to be

feasible.

The in-situ experiments and investigations should confirm the

acceptability of the site and confirm the design in detail,

including the thermo-mechanical radiological and hydrogeologi-

cal aspects.

It may require about 2.5 years to construct the test facility,

with additional time for drilling emplacement holes.

It may also prove desirable to extend the test facility to allow

operational testing of handling and emplacement equipment for an

extended period prior to commencing the final repository.
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(b) Cost - The capital cost of the test facilities has been

estimated as $20 000 000. This estimate is preliminary and

approximate, and a number of items are not included. The

qualifications regarding cost estimates made in Subsection

3.8 should be noted.

(c) Development Incentive - Since the construction of a test

facility is a major commitment financially and in other terms,

it is important that much of the required research and devel-

opment work be completed prior to comnencement of test facility

construction.

4. WASTE HANDLING*

4.1 GENERAL

The repository, sized to accept the waste to the end of the

next SO years, is a major underground installation, and careful attention

will have to be paid to the handling efficiency of the canisters because

haulage distances may be as long a 2 kilometres.

The large number of canisters involved makes the cost of canning

material, the canning processes and the waste handling extremely cost-

sensitive. Similarly, the method of emplacement, whether in drilled holes,

in trenches or on the surface has a significant impact on facility cost.

The principal author of this section is V. Smiltnieks of Dilworth,
Secord, Meagher and Associates Limited, with consultation and review
provided by B.C. Stonehlll of Dilworth, Secord, Meagher and Associ-
ates Limited, R. 6. Charlwood of Acres Consulting Services Limited
and H.W. Grams and F.F. Gnirk of RE/SPEC Inc.
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The man-rem accumulated by the subsurface operators will be a

problem unless remotely-operable transporters are used. The amount of

handling of the canisters, especially transfers from one piece of hand-

ling equipment to another, should be minimized.

The method of delivery of the canisters to the site has an

important effect on the facilities there. If road or rail transport is

used, handling, monitoring and decontamination will all take on costly

proportions. If an on-site reprocessing plant is built, then a conveyor

or shuttle will solve this problem adequately.

The cooling concepts of the waste should include forced air

circulation, at least for an initial period, to allow higher density

emplacement.

Shielding of the canisters during handling should be minimized

or eliminated by using remote-control automatic equipment. The long

haulage distances and the large number of canisters make this almost a

necessity.

The following points warrant careful consideration or re-con-

sideration as they impact heavily on facility cost:

(a) Waste fixative

(b) Canister material

(c) Delivery method at the mine headframe

(d) Mechanism for loading and unloading skips

(e) Mechanisms for transporting canisters underground

(f) Use of drilled holes for emplacement of canisters

(g) Use of forced ventilation to increase placement density.

No comparative evaluation of handling facilities in different

mine layouts is attempted and only qualitative indications are given of
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the effect of canister size, shape and handling variations on the effi-

ciency or complexity of the repository.

The waste production quantities and characteristics appear to

be of the right order of magnitude, but energy demand predictions could

easily change in the next few years, significantly affecting waste pro-

duction quantities.

4.2 REVIEW OF WASTE PRODUCTION DATA

4.2.1 Energy Demand Predictions

The energy demand predictions given as guidelines for this

study have an increasing uncertainty with time, the uncertainty being

a factor of 3 or 4 at the end of the time period relevant to the repo-

sitory. Taking the developing trend towards energy conservation and

austerity into consideration, the installed capacity in the next 50

years might well be at the low end of the prediction, or perhaps even

a small factor less. However, this will not affect the feasibility or

concepts of the facility, merely its final size.

There is a possibility that, within the next half century,

national policy, public opinion, utilization of natural resources or

development of alternative energy sources may change the demand for

nuclear stations. These factors are beyond the scope of this review

and will not be considered further. However, it should be noted that

all of these factors would act to decrease installed nuclear capacity.

4.2.2 Fuel Production Calculations

The estimate of spent-fuel production is a mathematical func-

tion of the installed generation capacity, assuming a fixed design of
i

fuel, reactor and burnup. Therefore, the quantity given as one million
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containers In the next 50 years can be used for the purpose of this

study. The spread in the prediction of fuel production towards the end

of this period would make a significant difference in the size of the

final facility but, using the modular panel concept, the structure,

emplacement and storage mechanisms would not be affected.

Other factors should be considered which affect the amount of

waste arriving at the repository. The table of annual waste production

is an increasing logarithmic function, and services such as reprocessing

and transport must keep up with this increase. Transporting 50 Qg of

spent fuel for all of Canada to one central reprocessing/repository

complex would require a significant fleet of special transport vehicles.

4.2.3 Heat Production Calculations

The heat production figure of 250 W (initially) for the refer-

ence canister is for high-volume reprocessing waste, and this will be

the number used in handling and storing considerations. It compares

approximately with the heat production from an equivalent weight of

spent fuel, since the reprocessing removes only a small amount of pluton-

ium, and the solidification additive is a small factor of the waste volume.

The alternative of storing low-volume reprocessed waste should

also be considered and, for this option, the heat produced from the re-

ference canister may be an order of magnitude greater. Since the low-

volume waste implies a reprocessing facility much more complex than is

required for present Canadian reactor fueling policy, this alternative

should get secondary consideration at this time.

À third option will be required, that of storing unreproces-

sed spent fuel. Certainly for the demonstration plant, this will be the

waste used. Whether the fuel bundles are packaged in canisters in one
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piece or broken down to resemble reprocessed waste makes very little

difference from the heat production point of view. Therefore, the

figure of 250 W per canister can be used regardless of which facility

is being considered.

4.2.4 Waste Characteristics

The reference waste is high-volume reprocessed spent fuel

fixed in silica glass and encapsulated in a stainless steel canister.

The weight of one cylinder is estimated as approximately 700 kg, with

an initial heat output of 250 W. The percentage of glass filler in the

canister is not available at this time, but a ballpark number of re-

processed bundles in this canister would be twenty-five.

The out-gassing of such fixed waste can be expected to be

negligible, although monitoring will still have to be performed. The

toxicity of dust from the fixed waste could be of concern without the

canister, but with it that too can be expected to be negligible.

Characteristics like surface-radiation dose rate and tempera-

ture are important in the design of the handling facilities. Both are *

expected to be low as radioactive materials go, so no accurate calcula-

tion need be made at this time. >

4.2.5 Packaging Options •
.>.•

The reference container for the purpose of this report is a

stainless steel cylinder approximately 0.3 m in diameter by 3 m long. .y:

This container will be used for most of the concepts of handling and ;i|

storage, but some alternatives should also be considered, and early in '

the preliminary phase. The various concept alternatives have a signi- j|

fleant impact on handling, mine layout, and storage methods and, with- ;
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out consideration of alternative characteristics of the containers,

important options in these other systems could be overlooked.

The first alternative to the reference container is its ma-

terial. Because of the large number of canisters, this can have a sig-

nificant impact on cost. There is a penalty associated with more fragile

or lower grade containers in handling, emergency procedures, storage

location and monitoring. At this time only qualitative statements can

be made on the effect of the canister fragility and durability on the

various related systems.

The second alternative is size and shape. From shielding con-

siderations the containers should be squat. From the point of view of

drilling placement holes in the mine floor, the containers should be of

small diameter. For handling efficiency, the container should be fairly

large, or capable of being clustered. The shape of the canister depends

to a large extent on the placement geometry. If the canister is placed

in a hole, it should be similar to the reference shape, or of even

smaller diameter. However, if the canisters could be simply placed upon

the repository room floor, then a 45-gallon-drum shape would be more

advantageous. The effect of the canistar size and shape on handling

facilities, storage methods and total mine cost is significant, and this

characteristic should be carefully considered.

The canister size will not be explored until a time study can

be made of the handling and storing operations. This might indicate the

need for either larger containers or multiple container handling methods.

The heat generated by the waste is, of course, another consid-

eration in the choice of canister size, shape and material. For the high-

volume waste this does not appear to present significant problems unless
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the canister size is increased well beyond that considered here. If

low-volume waste is used, the limitation would be much more severe.

The shielding required during handling and placement would be

minimized by squat canisters. However, a look at the handling methods,

transport and storage equipment may show that this is not a significant

factor.

4.3 SURFACE FACILITY CHARACTERISTICS

4.3.1 Shielding Requirement

If the canisters are delivered to the repository by transport,

either a road or rail transport flask is required that meets various

codes and regulations. Since the field associated with the canisters

would be comparable to spent fuel, flasks similar to those used for fuel-

transport would suffice.

If the fuel is reprocessed on site or on a site adjacent to

the repository, then transport to the mine head could be significantly

simpler from the point of view of shielding requirements. This could

range from a specialized vehicle that shuttles between the canning plant

and the repository to a conveyor system in a shielded tunnel which would

require no-shielding around the canisters themselves.

The field associated with 5-year-old spent fuel could be

attenuated to an acceptable level for handling facilities by using

shielding in the order of 10 to 20 cm of lead or 1 m of concrete. Some

caution is required in choosing the attenuation levels in view of the

continuous stream of containers required to be handled. Accumulated

man-rem of the operators could be the limiting factor rather than the

field associated with one canister. Remote-controlled or shielded
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handling equipment should receive careful consideration for this reason.

It is inevitable that the operation of the repository will need atomic

energy worker qualification, and the shielding of the handling facili-

ties will be chosen accordingly.

Some form of temporary storage may be required at the mine

surface facilities to cater to maintenance downtime of the hoist facili-

ties, emergency storage and simultaneous shipments. If the on-site re-

processing facility is used, this buffer storage could be moved into the

canning facility, especially if conveyor systems are used to deliver the

canisters to the mine headframe. The shielding for this facility could

be either dry storage in a shielded room or pool storage. The pool

storage lends itself to established handling techniques, and procedures

such as inspection and accounting are also facilitated. The size and

depth of the pool would be related to the canister shape and an evalua-

tion of the availability of the repository systems. When the facility

is operating at full capacity, as many as 10 canisters per hour must be

emplaced on a 2 shift/day basis. If a 2-day downtime is allowed for a

critical system, this means a possible bottleneck of 320 canisters.

This represents a small pool by reactor fuel storage standards.

4.3.2 In-Transit Cooling

Road transport flasks, for spent fuel are normally air cooled,

and this principle applies to canister transport flasks as well. If

mechanisms like conveyors are used, transit time on the conveyor would

be relatively short. The conveyor tunnel would possibly require venti-

lation cooling, but canisters are required to withstand limited ventila-

tion storage for long periods, and this requirement would be more

stringent than cooling during handling.

The same reasoning would apply to temporary or emergency

storage in a buffer facility. A pool-type storage would require a
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modest heat exchanger associated with the filtering system, and dry-

room storage would require ventilation cooling. With a capacity of

say 1000 canisters, this would amount to 250 kW, and monitoring and

emergency air filtering facilities would be required.

The canisters would have a short residence time in the hoist-

loading facilities and, witVi - limited canister capacity, cooling there

would present little difficult . The cooling requirements would prob-

ably be dictated by an emergency condition such as a canister stuck in

the loading mechanism.

4.3.3 Handling Facilities

If the canisters arrive by transport, facilities are required

to monitor, unload, inspect and place on the hoist. Monitoring trans-

port casks and unloading operations can use standard procedure estab-

lished for fuel shipments. Requirements include a secure area for the

unloading operation and crane facilities. "Secure" in this context

includes a ventilation system that can be sealed and isolated in case of

airborne contamination release, and shielding for the operations person-

nel. On the area boundaries, there would be decontamination facilities

for the flask, truck.and handling equipment, together with access control,

personnel monitoring and physical security associated with fuel shipment.

The time required to unload a road transport flask could easily

be a bottleneck when the facility is operating at full capacity. In-

spection of the canister is required to verify integrity and check for

shipping damage. Host likely, a log of source, quantity and character-

istics like surface dose rate and temperature would be made prior to dis-

patching the canisters down the hoist. The transport will probably carry

a dozen or more canisters. An evaluation of the turnaround time of the

hoist is required to judge whether it is economical to unload one canister
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at a time directly onto the hoist, or to place the canisters in a

temporary holding area from which the hoist can remove them at whatever

rate it is capable of operating. Since a holding facility could easily

be designed as a magazine that charges the hoist semi-automatically,

this seems the more viable option. It would also reduce the man-rem

exposure of unloading to a minimum and release the transport vehicle

as quickly as possible.

The alternative of accepting canisters from an on-site re-

processing plant greatly simplifies the handling facilities at the mine

headframe. If the canisters arrive by shuttle or conveyor, they can be

loaded directly onto the hoist with no intermediate handling. It could

be argued that this method merely displaces the handling equipment from

the mine headframe to the reprocessing facility, but the reprocessing

facility needs those capabilities anyway. Even emergency removal of

damaged canisters, or withdrawal of a stored canister for examination

could be done at the reprocessing facility using the conveyor system.

The design of the facility should reduce the handling of the

canisters to a minimum. This is beneficial not only from the points

of view of reducing canister damage, equipment complexity and man-rem

exposure. This means that if a system is designed that can move the

canisters onto the hoist without the use of shielded containers, or

with simple remote operations, the radiation exposure to the operators

will be reduced. Along with, that benefit also comes a shorter handling

time per canister, which, may prove necessary to meet the volume handling

estimate.

At the moment it is anticipated that only one hoist will be in

operation for lowering the canisters to the repository level. When an
7*" •' '

analysis is made of the transit speeds required, it may prove advanta-

geous to design counterbalanced skips with both ends capable of holding

a canister. .
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The option of loading more than one canister on a larger

elevator type cage does not look practical at this time — transit

speeds are necessarily lower, cable and drum sizes for a large hoist

to travel 1000 m become unwieldly and the loading of more than one

canister requires more complex, equipment or more operator participation.

This means that the hoist-loading facilities will be localized

in one area, and could be as simple as a small monorail crane or a

loading platform with some indexing mechanism that can transfer canis-

ters from a conveyor to the skip. The important aspect of this system

should be simplicity and speed of operation. Operation in both direc-

tions should be possible to permit removal of canisters for repair or

analysis or to clear a jam in the hoist.

A second hoist, or at least the fixed hardware and shaft, may

be necessary as standby equipment that could be brought into operation

in a few weeks if the operating hoist was seriously damaged or needed

decontamination.

4.3.4 Accounting, Monitoring and Decontamination

An accounting system will be required for the inventory of

radioactive material in the repository. This operation can be a simple

running total of canisters emplaced, provided that the canister contents

are sufficiently uniform to satisfy the requirements for accuracy.

Again, if an on-site reprocessing plant is the source of the canisters,

this operation could be performed there as part of that facility's

material balance records.

During the demonstration portion of the time, data such as

source of the waste, date encapsulated, location in repository, etc.

will probably be required.
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The monitoring facilities at the site will be very similar to

those for a reactor, requiring perimeter monitoring of groundwater and

air, area monitors around the handling facilities, personnel monitors

in the accessible areas, ventilation air monitors and a variety of port-

able equipment for inspection purposes.

The decontamination facilities should include the capability of

clearing up minor contamination that could result from a damaged canister

and personnel decontamination. Cleaning up major items like the hoist

equipment and underground transport vehicles could be treated as special

procedures.

A.3.5 Manpower and Man-Rem Requirements

The personnel operating the facility will probably require

atomic energy worker classification, with the associated radiological

accounting, accumulated dose and dose rate limits. The facility will

have to be fully operational at least two shifts per day and supervised

for the third shift. The personnel could consist of the following

basic groups: (It is important to note that these groups are for the

radioactive waste handling and placement only, and do not include the

mining operations.)

(a) Surface operation

(b) Health physics

(c) Maintenance

(d) Security

(e) Administration

(f) Engineering

The surface operations group would be responsible for unloading

canister shipments or operating conveyor facilities, loading and operating

the hoists and operating all auxiliary equipment such as ventilation,
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f
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£ lighting and communication. It is conceivable that an operations crew

of six could run a wall-designed surface facility, made up of: two

control room operators who essentially run the facility, coordinate all

operations and communicate with the subsurface operators; two hoist

operators whose responsibility would include the hoist loading equip-

ment; and two receiving station operators (assuming a conveyor or

shuttle-delivery system). If road or rail transport is used, this

number would have to be increased to include a shift supervisor and an

assistant supervisor. During full-scale operation, when 10 canisters

per hour must be placed in the repository, a crew of six would require

good automatic or semi-automatic equipment to perform their duties.

The health physics group would be responsible for radiological

safety, the decontamination facilities both for personnel and equipment,

and the radiation monitoring system. The most time-consuming work would

be monitoring and decontaminating transport vehicles. This could easily

require a crew of four to check shipments of 10 canisters per hour, even

assuming lump shipments of 10 canisters each. If an on-site delivery

system is used, no routine monitoring of the canisters would be required

and this group could be as few as two.

The maintenance group would be required to perform routine and

emergency maintenance on all repository mechanical and electrical equip-

ment. This includes canister-handling equipment, ventilation and moni-

toring equipment and hoist facilities. It would probably be economical

to extend this group's activities to cover the subsurface equipment as

well. A crew of four could perform the routine maintenance and handle

minor breakdowns.

The security group is required to control access to the site,

primarily gate-guard service. Probably a crew of three wouls suffice.

Administration and engineering groups would not be required to

work in shifts, and the numbers would depend heavily on the state of

completion of the facility.
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u

u
1 i Excluding the last two groups, total personnel required in the

surface facility would therefore be approximately fifteen minimum, more

likely twenty.

4.3.6 Difference Between Demonstration Plane and Full-Scale
Facility

There are a number of significant differences between the

demonstration plant and the full-scale facility. The type of waste for

the test plant will be unreprocessed spent fuel, although it will be

crushed, slurried and fixed to simulate the reprocessed waste closely.

The canister used will be the same, but the quantities will be signifi-

cantly less, so the handling facilities can be considerably slower or

cruder than for the full-scale repository. Evaluation of canister

geometries will probably show that the loading facilities and hoist will

have to be more universal. The monitoring and retrieval capabilities

in the test plant will have to be more complete and easier to operate.

The mining operation and the waste storage operation will probably not

have to be simultaneous. Perhaps several different placement geometries

and methods will have to be tried and evaluated. There will certainly

not be a reprocessing plant on the site, and the canisters will probably

be fabricated and loaded elsewhere, then transported to site, which means

that truck-unloading facilities will be required. The auxiliary facili-

ties such as ventilation, decontamination,, accounting and inspection will

all be required, but on a smaller scale.

4.4 UNDERGROUND FACILITY CHARACTERISTICS

4.4.1 Mine Geometry

The underground layout of the repository is described in

Section 2. In the reference concept, the canisters are placed in holes

drilled in the floor of the repository rooms. The rooms are grouped



- 86 -

together in panels, each panel having common passages for the transport

of canisters and for ventilation. The panels are, in turn, connected

into a grid pattern which allows a complete isolation of the areas

being mined and areas where waste is being stored.

The entire complex has a common shaft for lowering of canisters

to the repository level, a common shaft for ventilating the active part

of the mine and separate shafts for personnel access and equipment

transfer.

This section deals with the active part of the repository only,

that is, the part in which excavation is complete and has been sealed off

from the portion still under construction. Although the two parts are

close together, even intertwined, they can be treated as completely

separate facilities.

4.4.2 Active Area Ventilation

Ventilation in the active part of the repository is required

for two purposes. One is to provide breathing air for the personnel

working there, and the other is to provide a degree of convection cooling

of the canisters and surrounding rock. Even a small amount of air circu-

lation will do a great deal to remove heat from the repository, with the

resultant benefits of either lower temperature operation or a denser

allowable placement of the canisters. The economic advantage of a denser

placement easily justifies the requirement to monitor the exhaust air and

provide filters for use in emergencies.

There is a natural aversion to designing a long-term facility

that requires a forced ventilation system. However, the advantages of

cooling are significant, and it may even be possible to design the

ventilation system such that, once the flow is established, the vertical

shafts will have sufficient natural draft effect to provide circulation

without power.
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The active area ventilation will be routed in such a direction

that the areas normally accessible to personnel and machines are up-

stream of the repository areas. Collected flows will be monitored and

full-flow filters will be available for use if activity exceeds allow-

able limits.

In the repository itself, the delivery mechanism that takes the

canisters from the hoist and places them in the storage room will be

electrically powered, which will greatly reduce the ventilation require-

ments for breathing.

There will be a number of airlocks required between the active

and inactive portions of the mine, and these will be movaâ as the mine

construction progresses. The active area itself will probably be single

zone control, hence airlocks will not be needed. Rooms in any panel where

canister placing is complete could be sealed off from the rest of the area,

either for short periods to perform some decontamination activity or

permanently when the heat generated by that section has decreased suffi-

ciently.

4.4.3 Handling Facilities

The hoist lowers the canisters from the surface facility to the

repository level. In this central location the canisters are removed

from the hoist and transported to the storage room in current use. Since

this room, on the average, is several kilometres away from the hoist,

careful thought is required to choose a transportation mechanism which

can travel fast and safely.

The simplest means of transport with the greatest speed poten-

tial in an underground passageway is a monorail hung from the ceiling

and carrying the load pendant. If this is combined with a small hoist

mechanism, the canister can be picked up off the skip, transported on the
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monorail to its destination along a path chosen by selecting intersection

switches, and lowered into the drilled hole, all in one smo-th operation.

Any number of these monorail carriages could be in service simultaneously

to match the load requirements.

If, in addition, each carriage is equipped with a T.V. camera,

hoist and latch controls, the operators could sit in front of a half-

dozen monitors and remotely operate as many carriages. This system

would require no shielding, since personnel would not accompany the

canister. The resultant light load could be transported that much

faster and more economically. The associated saving in time and man-rem

would be significant. Since the entire repository is on one level, the

power required for the monorail is small. This could be supplied either

from a powered rail or by battery-operated carriages, with the video

image and controls transmitted by telemetry to repeaters at tunnel

intersections.

With multiple carriages available in the repository, the hoist

can be unloaded continuously, independent of the placement operations.

The long tunnels leading to the rooms form effective buffer storage

areas preventing a small problem in any one system from stopping the

entire facility operation. If one carriage breaks down somewhere along

its route, it can be left and attended to when maintenance personnel

become available.

The carriage facility adapts itself to all the peripheral

requirements as well. Retrieval of a canister is as easy as the place-

ment, especially if magnetic hooks are used to hold the canisters. \

Stainless steel canisters would require a magnetic material plate at one

end and plugs, if used to seal the canister holes, would need a steel ,'

f plate embedded on the top surface. These are all feasible and inexpen-

| sive details, and the saving in time and man-rem would well warrant this

I simple form of remote manipulation.
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When a room has been filled, it can be routinely inspected and

monitored by a carriage equipped with cameras and monitors. If any

problems arise, the facilities are there for easy access. If after a

number of years, the room has reached a stable equilibrium, the decision

could be made to abandon the monorail facilities or move them to another

room. Any subsequent retrieval requirement could be met by rubber-tired

vehicles on an as-needed basis, or the monorail could be reinstalled.

4.4.4 Time Durations of Activities

The speed potential of the hoist is given in Section 2 and the

transit time of this system will depend on the depth of the repository

below the surface. However, this type of hoist can travel as fast as 50

km/h so the total transit time will not be a major factor in the reposi-

tory cycle. The time required to load and unload the hoist is estimated

at 15 minutes for each end. This is ample time even for a manual cycle,

requiring some operation of fasteners or latches. In fact, the hoist

facility should be designed to accept a canister from the top without

any more operations than lowering the canister into the skip and releasing

the (magnetic) latch. Similarly, the unloading facility at the bottom

should be able to grip (magnetically) the top of the canister and pull

it straight out of the skip. From there it remains suspended under the

carriage until it is deposited in the placement hole. This represents»

minimum handling, minimum potential damage to the canister and minimum

elapsed time.

The cycle time estimated in Section 2 is 60 minutes. The

average round trip in the repository is approximately 4 km. Say 10

minutes are required for the hoist (including hauling time) and 5 min-

utes for locating a specific hole and lowering the canister, which

leaves 27 to 45 minutes for the round trip of the transporter. This

means it must travel about 5 to 6 km/h. This is easily achievable by a

monorail hoist. In fact, straight line speeds could easily be double

this amount.
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In estimating possible operation cycle times one must not for-

get the other activities required to be performed; for instance, the

capping of the holes. If this is done, presumably the same facilities

and operators will be utilized and, if the assumption is that two canis-

ters are placed per hole, the capping operation will add 50 percent to

the availability requirements.

4.4.5 Accounting, Monitoring and Decontamination

All accounting operations can be performed in the surface

facility, unless placement location of specific canisters is required.

These data must be logged by the operators of the canister transporters,

if for no other reason than to keep track of which holes have been

filled and those which are still empty, 30 that it is unnecessary to

search visually.

Monitoring will be required for both personnel protection and

airborne contaminant source location. The ventilation system monitors

will probably be on the surface and, if high activity is detected, port-

able monitors carried either manually or on the remote carriage, will be

used to locate the room and canister responsible.

If a remotely-operated system is used, the operators will not

normally be «required to enter the active area, so their monitoring and

decontamination will be greatly simplified. When an operator is required

to enter the unloading facility area or the tunnels, he will need the

standard hand and foot monitor facilities on returning. All decontami-

nation facilities can be centralized at the operations core of the

repository. Probably the personnel access shaft from the surface will

be an inactive area, and all monitoring and decontamination areas will

be at the operations level.
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4.4.6 Manpower and Man-Rem Requirements

It can be assumed that the subsurface facility needs only a

crew of operators. The auxiliary services of health, physics and main-

tenance could be supplied by the surface groups. With that assumption,

and the estimate that about twelve transporters will be needed to handle

the canister volume, it is possible to estimate the number of operators

required. Included in the operation should be a parallel activity of

capping holes.

If the remote handling system is assumed, perhaps one operator

could simultaneously handle three carriages. This then requires four

operators for the canisters plus two for the caps. In addition, two

operators could be sufficient for the hoist unloading operation, at least

two would be required for relief duty and two more for operations super-

vision and communication. This makes a total of twelve per shift.

If manual placement operations are performed, and each canister

must be accompanied by one operator for its entire journey, then the

number jumps to at least thirty and possibly many more. If regulations

require a buddy system transport and placement, then this number doubles

again.

The man-rem requirements in the remote system would be quite

modest. In the manual placement operation, significant shielding would

have to be carried with each canister to keep accumulated doses for the

operators within allowable limits. This would further be aggravated by

the high natural background activity in granite which might produce 10

per cent of an atomic energy worker's quota, even without exposure to

the waste.
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5. RETRIEVABILITY, DECOMMISSIONING. SEALING AND MONITORING*

5.1 GENERAL

Verification of waste retrievability, repository decommission-

ing, repository sealing and long-term monitoring of the repository

domain are instrinsically difficult and important tasks in the design

and operation of a radioactive waste repository. These particular

design criteria place the repository in a class of underground excava-

tions different from any other.

The design requirement of waste retrievability calls for a

totally different repository design than if retrievability is not re-

quired. With the requirement of retrievability, thermo-mechanical

damage to waste, waste packaging and repository structurais (pillars,

accessways, shafts, etc.) must be minimized or even totally eliminated

over at least the operational life of the facility. If waste retriev-

ability is not specified in the design criteria, the geological disposal

of radioactive waste can be accomplished by inserting the waste packages

in a variety of different excavations, as long as isolation from the

human biosphere is guaranteed.

Repository decommissioning is an environmental, legal and

national health concern. The decommissioning of a radioactive waste

repository should occur only after the assurance of lack of airborne

contaminant can be reasonably established, as well as assurance of a

subsurface hydrological environment free of an abundance of waste con-

tamination in the event of a military attack, natural disaster or tectonic

activity(6).

The principal author of this section is J.L. Ratigan of RE/SPEC Inc.,

with consultation and review provided by P.F. Gnirk of RE/SPEC Inc.
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Sealing of the repository, both for the individual waste pack-

age and for the repository as a whole, must be guaranteed and substan-

tiated both during the operational period of the repository and after

decommissioning. If adequate sealing can be obtained and verified

during the operational phase of the repository, decommissioning of the

repository is simplified.

Monitoring of the waste repository radioactivity levels, temp-

eratures, deformations, hydrological behavior and stress levels is

imperative in assessing long-term retrievability, the adequacy of sealing,

and the potential for safe decommissioning. Monitoring during the

operational phase of the repository will be of greater magnitude than

the monitoring occurring after waste emplacement, due to the presence of

mining and waste emplacement personnel.

The approach employed is primarily qualitative, with quanti-

tative first approximations provided where appropriate. Quantitive

information regarding retrievability, decommissioning, sealing and

monitoring can be provided in detail only after a site has been chosen,

and the structural and thermal characteristics of the site rock and the

repository design have been delineated.

5.1.1 Summary of Results, Conclusions and Recommendations

The major results of this study are in the form of recommen-

dations for additional research and development activities which will be

necessary before making a design of a repository which adequately ensures

waste retrievability, safe decommissioning, sufficient environmental

sealing and monitoring capability.

Retrievability of the radioactive waste is intimately related

to the thermo-mechanical and thermochemical behavior of the waste package,
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site rock and the emplacement concept. The thermo-mechanical aspects of
(7 8)

the repository design and emplacement concept have been reviewed ' •

However, the thensochemical aspects of waste retrievability have not

been reviewed in detail since the thermochemical interactions cannot be

fully assessed prior to the selection of both the site, the waste and

the waste packaging. After the site has been selected, the site rock(s)

analyzed and the waste and waste packaging delineated, an extensive

analysis of the waste/waste packaging, waste packaging/rock and waste

packaging/groundwater radiological, thermo-mechanical and thermochemical

interactions must be undertaken to assess properly waste retrievability.

The safe decommissioning of the waste repository can be per-

formed if retrievability, adequate repository sealing and repository

domain monitoring can be assured. In that regard, decommissioning of

the repository is not a "stand alone" study area. The repository can be

decommissioned at any time, but safe decommissioning can not be performed

without assurances of sealing and monitoring.

State-of-the-art methodology for underground excavation sealing

is sufficient for short-term sealing of the repository openings; however,

long-term sealing has yet to be demonstrated. Any "real-time" demonstra-

tion of long-term repository sealing would obviously involve the utiliza-

tion of a long period of time. Therefore, experiments and analysis

methodology for long-term sealing methods must be developed to verify the

acceptability of any proposed sealing techniques.

Monitoring instrumentation sufficient for the operational period

of the repository is presently available. Much of this instrumentation

is assumed to be adequate for the long-term monitoring of the repository

but again has yet to be demonstrated for long periods of time. As was

the case with sealing, experiments and analysis methodology for demonstra-

ting the ability of instrumentation to operate over a long period of time,

say 50 years, must be developed.
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5.2 RETRIEVABILITY

Retrievability of emplaced radioactive waste as a design

criterion necessitates the design of an underground facility different

from any other commonly constructed. The period of time in which re-

trievability must be guaranteed may result again in different designs.

A repository with a capability for retrievability for ten years differs

from one which must ensure a means for retrievability for 100 years. In

addition, specific waste emplacement methods may result in retrievability

characteristics of varying degrees of complexity and difficulty. Through-

out this study, waste retrievability is assumed to be a design criterion,

particularly for at least 50 to 100 yeirs. The requirement of retriev-

ability is necessary, due to the uncertainties of waste emplacement in

any type of rock mass in light of the political and social hazards of a

radiological accident.

5.2.1 Individual Package Retrievability

The retrievability of an individual waste package is dependent

on the package and waste characteristics and on the emplacement method.

For the purposes of this study, the waste is assumed to be packaged in

cylindrical containers, 0.3 m in diameter and 3 m in length, fabricated

of a metal, tentatively identified as a stainless steel. Further studies

may indicate that a less costly packaging material may be adequate

and/or that a different waste package shape may be better from an economic,

radiological and structural standpoint.

Several concepts of individual waste package emplacement have

been identified and examined (Section 3). Specifically, the "baseline"

repository with room-floor drillhole emplacement, "constructed" drill-

hole or shaft emplacement, deep drillholes with multiple packages in

each hole, and room floor storage have been analyzed-for technical

feasibility.
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In crder to employ the room-floor drillhole emplacement concept,

a matrix of cylindrical holes are drilled into the storage room floor for

insertion of the cylindrical waste packages. For the purposes of this

study, only one package is assumed to be emplaced in each drillhole.

However, further analysis may indicate that emplacement of more than one

package per drillhole may be economically and structurally advantageous.

The ease of retrievability of an individual waste package (in

this case, one of a cylindrical shape) from a room-floor drillhole is

dictated by the extent of waste and waste package structural deteriora-

tion and the drillhole structural deterioration and/or deformation. The

waste packaging is subject to structural deterioration from corrosive,

mechanical and thermo-mechanical forces.

Stainless steel waste packaging has been identified as a re-

quirement by the United States due to the corrosive activity that can
(9)

exist during containment in. a salt environment . The corrosive

activity of a granitic environment can be expected to be much less than

that of salt. However, the mineralogy of the site rock and the ground-

water will have to be analyzed in order to assess the corrosion potential

at the package/rock interface.

The analysis of the site rock mineralogy and ground water by

necessity must, include a study of waste/rock and waste/water interactions

and the potential for radiation damage to structural characteristics of

the site rock. For example, if the site rock contains any iron pyrite,

hydrothermal alteration may result in by-products of iron oxide and

sulfuric acid which magnifies the rate of corrosion of metallic packaging.

Some potential waste/rock and waste/water interactions have previously

been analyzed by other investigators for several rock types

In addition to selecting the waste packaging in order to mini-

mize corrosion, the packaging material must be carefully chosen in order
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to be thermo-mechanically compatible with the waste. Specifically, the

thermal expansion of the waste and the volume increase of the waste due

to fission product accumulation should not be greater than that of the

waste packaging, if packaging Integrity is to be maintained.

An additional criterion for waste packaging material selection

involves the package/rock interaction. As the rock mass containing the

drillhole increases in temperature, the drillhole will close. If the

drillhole is not large enough to compensate for this closure, the waste

packaging must be capable of sustaining the closure forces or a casing

must be installed in the drillhole which is capable of sustaining the

forces.

The retrievability of waste packages inserted into "constructed"

drillholes is similar to the retrievability of waste packages emplaced

in room-floor drillholes, with only a few deviations. Waste and waste

packaging temperatures in the constructed drillhole concept of emplacement

will be of a greater magnitude than those in the room-floor drillhole

concept if the drillholes are constructed with a sleeve or casing and a

crushed rock backfill between adjacent sleeves. The higher temperatures

indicate that the importance of thermal compatability of the waste and

waste packaging and of the corrosion potential of the waste packaging is

greater than in the room-floor drillhole emplacement method.

If a concrete-like casing is employed to construct the drill-

holes and the remaining region is backfilled with crushed rock, the

closure of the drillhole can be expected to be negligible. Thus, the

waste packaging in this concept need not possess the structural charac-

teristics that are essential in the room-floor drillhole concept of

emplacement.

Waste packages stored in the room-floor must fulfill much the

same design requirements as in the preceeding emplacement concepts in
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order to assure retrievability. Thermal compatibility of the waste and

waste packaging must be corrosion resistant. The packaging must be

structurally competent due to the potential for thermal spalling of the

room periphery^ .

Each of the emplacement methods analyzed, if adopted, will

require the design, development and testing of special waste package

retrieving, handling and transporting equipment. For example, if the

deep drillhole emplacement method is adopted, a relatively complicated

piece of machinery will be necessary to assure retrievability of every

waste container in the drillhole. By necessity, the machinery must also

be easily decontaminated in the event of waste package rupture,

5.2.2 Total Waste Retrievability

Total waste retrievability may be necessitated at some time in

the repository history if the waste is doing some damage to the environ-

ment (surface or subsurface) or if the waste becomes economically valuable.

Total waste retrievability can only be assured if retrievability of all

individual waste packages can be assured.

Total waste retrievability will depend upon the long-term

stability of the shaft facilities, accessways and storage rooms. Apart

from gross tectonic activity, the potential for deterioration of the

repository will be determined by the extent of thenno-mechanical damage

resulting from introduction of the radiogenic heat. For example, thermal

spalling of the pillar ribs on roof.

However, thermal spalling of the room periphery may not result

in the loss of total waste retrievability. In fact, total waste retriev-

ability may be guaranteed even after gross structural deterioration,

depending upon one's definition of retrievability. For the purposes of

this report, retrievability is considered to be guaranteed only if mini-
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mal additional mining operations are involved. As regards the United

States drillhole emplacement concept, waste retrievability is considered

guaranteed only if overcoring is not required to remove a waste canister.

The operational and long-term monitoring instrumentation should be

designed such that the potential for total retrievability of the waste

packages can be assessed at any time.

5.3 DECOMMISSIONING

Formal decommissioning of the facility (subsurface) is assumed

to occur after the 40-year waste emplacement period and the 75-year

monitoring period . However, certain activities directly relating to

the decommissioning will have to be performed prior to the formal de-

commissioning .

5.3.1 Subsurface Considerations

Subsurface decommissioning concerns can be categorized as

relating to five general areas, viz:

(1) Waste package storage rooms

(2) Haulage and accessways

(3) Main shaft facilities

(4) Ventilation drifts

(5) Ventilation shafts

Since backfilling of the repository is not planned until after

the 75 year monitoring period, the extent of any regions receiving back

fill will for the most part be determined during the monitored history of

the repository. For example regions which may need minor repair or

excavation prior to formal decommissioning, and which are radiologically

and mechanically safe to enter, will probably be assessed prior to back-

filling. Whereas, regions which are radiologically or mechanically un-
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safe for entry may not necessarily be completely backfilled or may be

backfilled in a different manner, such as remote pressure grouting .

The extent and methodology of the backfilling operations will to some

extent determine the long-term retrievability of the waste. For example,

backfilling of the repository rooms with pressure-grouting will result

in a much Ies3 "retrievable" waste than backfilling with crushed rock.

The need for backfilling the repository depends on many variables

such as specific site rock selection, extraction ratio, hydrology, etc.

In particular, if subsidence predictions and real time-measurements are

insignificant, total backfilling may not be necessary. The emplacement

method will also govern the extent of the backfilling operations.

5.3.2 Surface Considerations

Decommissioning of the surface facilities will relate to two

general regions, viz:

(1) Surface facilities present for waste processing and

packaging;

(2) Surface facilities necessary to the operation of the sub

surface mining and waste transportation.

If the waste reprocessing is not perfrrmed at the repository

site, the extent of facilities described in (1) Jsaove will be of a

limited extent and will probably consist of a receiving station and

interim storage facilities. The decommissioning of the reprocessing

facilities will depend on the amount of radioactive waste being produced

at the proposed time of decomissioning, which in turn depends upon the

growth of the nuclear power industry.

Surface facilities described in (2) above may never be fully

decommissioned. Access to the subsurface may prove to be desirable (or
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may be required) for a long period of time. This access may be necessary

to Insure retrlevabllity and monitoring of the subsurface environment and

the adequacy of sealing provisions.

5.4 SEALING

For the purpose of this report, the terminology of "sealing"

refers to the use of mechanics and equipment to isolate the waste and

waste environment from man's environment. Specifically, sealing in-

cludes the containment of the waste in packages and the containment of

the packages within the repository in the event of a package rupture

or failure.

5.4.1 Subsurface Sealing Considerations

Specific regions which require consideration in connection with

sealing in the subsurface environment include the shaft, emplacement

holes or trenches, auxiliary underground storage rooms and the underground

ventilation system. Subsurface sealing can readily be categorized into

two specific areas, viz:

(1) Sealing of the excavated opening peripheries such as

drillhole, storage room, and shaft walls.

(2) Sealing of the excavated openings from each other and

from the surface connections.

Man-material accessways and the ventilation drift 3 and shafts

will always be subject to the possibility of entrapment of airborne

radioactive contaminates. The quantity of this type of contamination

and the potential for its subsequent migration through the hydrological

environment is slight. However, any excessive contamination present in

the periphery of an accessway which is utilized by repository personnel

will generally require decontamination. For this reason, often-used
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accessways (man/material shaft, for example) will require a surface which

is easily decontaminated. This type of sealing or surface preparation

should also provide for isolation from the subsurface hydrological

environment.

Unless all excavated opening peripheries are sealed, the reposi-

tory can be assumed to eventually become entirely filled with water if the

repository is placed in a water-bearing rock mass. Whether sealing of

opening peripheries is required will depend on the hydrological environ-

ment, depth of the repository and whether the waste packaging integrity

is assured for long periods of time. Granitic rock masses are water-bearing;

however, the Sudbury mines in the Canadian shield experience very little

water at depths greater than a hundred metres . Therefore, the time

which will be required for the repository to fill with water (if the

excavation peripheries are not sealed) will be very long. In fact, this

period of time may be sufficiently long such that the filling of the re-

pository with water and subsequent coununication with the groundwater will

occur at a time when the waste is not particularly dangerous.

Apart from any excavation periphery sealing, the subsurface

sealing of the repository should consist of drillhole plugging (if drill-

holes are utilized), and bulkheading of the storage rooms and panels.
(12)

Since a granitic rock mass exhibits permeability* , the bulkheads need

not be impermeable. The bulkhead and other types of sealing have

been adequately demonstrated for short-term applications ' 5,1b)^

although the long-term applicability of these sealing methods has yet to

be demonstrated.

5.4.2 Surface Sealing Considerations

The repository access locations at the surface may never be

sealed. Depending upon the depth of the repository, communication with

regions between the repository and the surface may be necessary for
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£ monitoring purposes. The exception of this "non-sealing" situation
v relates to the ventilation shaft(s) which may or may not be sealed de-

• ( pending upon whether any subsurface facilities (between the repository

, and the surface) utilize the repository ventilation shaft or whether a

; separate ventilation shaft is utilized.

Exploration drillholes which extend through the repository

domain will also be sealed, with the exception of those that can be

utilized for monitoring. Drillhole sealing techniques presently avail-

; able are adequate for the sealing of exploration holes. '

5.5 MONITORING

Monitoring of repository radioactivity levels, temperatures,

structural deformations and associated stress levels will be imperative

during the operational history of the repository and for long periods of

time after the termination of active waste emplacement. Long-term re-

pository monitoring will probably occur for as long as 100 years after

the repository has discontinued receiving waste packages, even though

the radiogenic heat generation (for waste with a 30 year half life)

after 100 years of storage will have decreased to less than 10 percent

of the magnitude existing upon emplacement.

5.5.1 Operational Monitoring

For the purposes of this report, operational monitoring refers

to the monitoring of activity over the proposed 30 years of active waste

emplacement. Monitoring after termination of active waste emplacement

can properly be termed as long-term monitoring.

The radiological monitoring for the operational period of the

repository is described in AECL-6188-2, Section 5, in a conceptual

sense. The majority of the underground monitoring of radioactivity will
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y be concerned with airborne contaminants throughout the repository and

[ surface contaminants in the active areas»
i •_•

:, During the operational history of the repository, tempera-

: tures, structural deformations and stress levels will need to be moni-

; tored. The quantity of instrumentation will depend on a variety of

v factors. The need for temperature monitoring of individual waste pack-

'•' ages will depend on the design safety and assurance of the waste pack-

'.• aging. If the design safety and assurance are relatively high, only a

small sampling of the packages need be monitored for temperature history.

As well as temperature instrumentation in the immediate waste package

: region, temperature instrumentation will need to be installed for moni-

• torlng of air and mine structurais temperatures throughout the reposi-

tory.

Before installing deforraation-and stress-measuring instrumen-

tation, efforts will be needed to determine the in-situ site rock mate-
(7 8)

rial properties. These properties can be obtained in several ways ' .

The specific locations and quantity of deformation- and stress-

monitoring equipment will be dictated by the site rock characteristics

in conjunction with the specific repository design. While transient

deformations occurring in excavation in granite can be expected to be

less than those occurring in salt, for example, the deformations none-

theless can be expected to be of a measurable magnitude over the duration

of active repository operations.

5.5.2 Long-Term Monitoring

For the purposes of this report, long-term monitoring is con-

sidered to be performed on the surface or from subsurface facilities

which have remote access to the repository environment. The long-term

instrumentation should be designed to perform monitoring of:
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(1) Vertical and lateral movement of the surface

(2) Temperatures of the subsurface environment

(3) Level of radioactivity in the hydrological environment

(4) Gross flow paths of the subsurface groundwater.

Vertical and lateral movement of the ground surface can be
(19)monitored directly or indirectly . This movement will occur due to

subsidence, gross thermal uplift of the batholith and gross tectonic

activity. Measurement of surface movement is relatively easy to perform

and can be rapidly evaluated. Temperature measurements will in all

probability need to be performed at a considerable depth bel'ow the

earth's surface. The temperature increase at the earth's surface will

probably be shadowed by the seasonal variations in the thermal environ-

ment. A series of holes should be drilled in a region large enough to

incorporate the repository surface and the buffer zone for the tempera-

ture, radiological and hydrological monitoring. The approximate depth

of the drillholes which will be required for temperature monitoring can

be estimated from Figure 29. This figure presents the depth of pene-

tration of the 1*C and 10°C isotherms from the repository to the surface

as a function of time for a repository located at 300 m below the earth's

surface and 1000 m below the surface. The heat transfer solution employed

to generate of this figure is for a plane containing radiogenic heat

generation at a fixed depth below a plane of fixed temperature. The

radiogenic half life employed was 30 years. The 1°C isotherm will

penetrate approximately 150 m above the repository approximately 55

years after waste emplacement. Therefore, if the repository is located

at 1000 m below the surface, a drillhole beginning at the earth's sur-

face would need to be 850 m deep to detect the 1°C temperature rise.

The depth of measurement would realistically need to be greater than 850

m, since variation in the natural thermal gradient would undoubtedly

shadow a 1°C temperature rise.
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The drillholes utilized for temperature monitoring can also be

used for groundwater monitoring. Additional monitoring will be neces-

sary for an accurate assessment of groundwater radioactivity and flow

directions.

6. RESEARCH AND DESIGN ENGINEERING REQUIREMENTS*

6.1 RESEARCH AND DESIGN ENGINEERING PROGRAM

The principal tasks of the program are identified as environ-

mental and safety, geotechnical, hydrogeological and geochemical, rock

mechanics, waste packaging and repository design. Each of these tasks

is considered to be a separate program, with corresponding scope, study

elements and duration. For reasons of interdependency and occasional

overlap of study goals, coordination and scheduling, a separate project :

management program must be developed. •]

Although it is outside the frame of reference of this study, a

program of environmental studies and safety analysis is included for j

completeness. The key elements of each program are defined, along with

their associated time frames, and the goals and tasks of each program V

element are discussed. The scope of the overall effort is based on the

use of state-of-the-art technology and applied research results for the '••

development of essential concepts and systems. Allowance is made for

the introduction of new technology for refinement and reassessment. In

all but the environmental studies and safety analysis program, estimated

cost structures are provided. It must be emphasized that these cost

estimates are considered to be the minimum required to satisfy the basic

needs of research and design engineering.

The principal author of this section is F.F. Gnirk of RE/SPEC Inc.,
with consultation and review provided by R.J. Pine, D.R. McCreath,
R.G. Charlwood of Acres Consulting Services Limited, J.L. Ratigan
and W.H. Grams of RE/SPEC Inc., and B.C. Stonehill of Dilworth,
Secord, Meagher and Associates Ltd.
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6.2 ENVIRONMENTAL STUDIES AND SAFETY ANALYSIS

6.2.1 Objectives and Prograa Plan

The environmental issues associated with the repository have

not been addressed as they are outside the frame of reference of the

current study. Because of the need to integrate the necessary environ-

mental studies into an overall program of research and design engineering,

we have identified some key areas that should be addressed simultaneously

with the other programs of this report.

The objectives of an environmental and safety analysis program

may be defined as follows:

(1) Collect baseline data in the general site area of the radio-

active waste repository facility for assessments of the

physical, biological, human and socioeconomic environments;

(2) Identify or develop procedures for correcting or minimizing

adverse or unavoidable environmental effect;

(3) Develop a system for monitoring the environmental aspects of

the general site area throughout the design, test facility

and production repository operations, with continuance through-

out the periods of sealing, decommissioning and long-term

monitoring;

(4) Develop the requisite environmental impact statements;

(5) Analyze and assess both the short-term and long-term environ-

mental safety aspects.

The program plan illustrated in Figure 30 shows that the tasks

of gathering physical, biological, human end socioeconomic and special

environmental data, along with the assessments of environmental impact,

are to be complete at the end of 1979. The planning for the monitoring

procedures and associated equipment and instrumentation will begin in
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1978, with implementation in 1980 for a specific site area, both on a

local and regional basis. The safety analysis and assessment will begin

immediately, using data collected for potential site areas, and will be-

come more concentrated upon selection of a particular site. It is felt

that the elements involving environmental monitoring and safety analysis

should be extended at least to the year 2100, some 75 years after the

last radioactive waste has been emplaced in the facility. The data

acquired by the continuous monitoring will permit refinements and re-

assessments of the environmental safety aspects. He have assumed that

many aspects of the environmental and safety analysis program have

already been started.

6.2.2 Program Elements

6.2.2.1 Physical Environment

The goal of this element is to collect those data which relate

to the physical support of life. Some tasks within the study element,

including those related to geology, topography, hydrology and water

quality and mineralization, overlap with certain tasks of the elements

of the geotechnical and the hydrogeological and geochemical programs.

However, the application of the basic data is somewhat different. The

geology, topography and soil investigations are primarily directed here-

in to an assessment of the capability for life support; the same is true

for the hydrological and water quality aspects. An investigation of

trace elements and mineralization in the surface soils and rocks is

required to establish the baseline for assessment of their disturbance

or perturbation over the total life of the repository facility. The

archeological, historical and scenic aspects of the study of physical

environment are essentially self-explanatory, but must be catalogued and

evaluated for future reference. Meteorological and air quality data

must be collected to both understand the regional atmospheric processes

and to establish background levels for air contaminants.
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6.2.2.2 Biological Environment

The purpose of this study element is to acquire a data base on

natural vegetation, fauna and aquatic habitat, and to assess the inter-

relation and interdependence between each. The data are necessary for

an assessment of project impact on the general scheme of fauna activi-

ties, including the effects of spoil pile banks and particulate emissions

i::om the repository on the natural vegetation. The same is true for any

streams, springs and lakes in the general site area. All of the data

must be compiled and integrated into a consistent representation of the

biological environment to evaluate any subsequent perturbations that may

result from existence of the facility.

6.2*2.3 Human And Socioeconomic Environment

The goal of this element is to collect social and economic

data on the population in the regional area of the site, in order to

evaluate the impact of a population center resulting from establishment

of the facility.

6.2.2.4 Special Environmental Studies

The purpose of this element is two-fold; namely, (1) to assess

initially those aspects of human environment; land use, potential mineral

resources and adverse environmental effects which can be recognized at

the start of the repository program, and (2) subsequently to reassess

these aspects before the start and at the end of the production reposi-

tory operation. Consideration must be given to the development of

employment opportunities in the immediate vicinity of the site as a

consequence of facility Initiation, and of associated population and

community centers. The Introduction of additional population will

necessitate land use beyond that directly required by the facility it-

self, and will in turn affect the physical and biological environments

that pre-existed. The potential for mineral resources in the area must
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be evaluated, as related to the near vicinity of the facility site,

timber resources must be inventoried in relation to the needs of the

anticipated population, and to the potential damage to the timber as a

consequence of the population intrusion. Any or all of the above

aspects may give rise to certain adverse or unavoidable effects from the

viewpoint of the regional environment. In particular, one may mention

an alteration of the landscape by the introduction of housing develop-

ments, the demand for an acceptable level of water quality and supply

and increased wildlife hunting pressures.

6.2.2.5 Environmental Monitoring

An essential and unifying goal of the previous four elements

is to collect baseline environmental data. The purpose of this element

is to develop or implement the necessary tools for monitoring the physi-

cal, biological, human, and socioeconomic environments. In particular,

one must consider continued monitoring of air quality and regional

atmospheric processes; surface hydrology and groundwater; trace element

concentrations in water and soil; and vegetation, fauna and aquatic

habitat. The quality of reliability of the monitoring procedures will

require continuous updating with advances in technology and with the

introduction of any noticeable adverse environmental effects; The

operational features of the monitoring tasks must be integrated and co-

ordinated with those of the other programs outlined in this report, in

order to avoid duplication and cost inefficiency.

6.2.2.6 Environmental Impact

The purpose of this element is to use the data acquired under

the previous five elements to develop of both local and regional environ-

mental impact assessments. In particular, the impact must be assessed

of the facility and its associated population and material requirements

on land surface disturbance, water resources, air quality, fauna, vege-
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tation, and esthetic, recreational and cultural values, as well as on

existing economic and social patterns. These impact assessments must be

made before the site is selected, before the start of the production

phase of the repository facility and at the end of the radioactive waste

emplacement operation. These particular time periods may contribute in

a significant manner to changes in local population density.

6.2.2.7 Safety Analysis and Assessment

The goal of this element is to develop or apply tools for an

analysis and assessment of environmental safety in the general region of

the repository facility site. The notion of risk and uncertainty must

be introduced and evaluated continuously throughout the production life

of the facility and the sealing, decommissioning and monitoring activi-

ties. The elements involving environmental monitoring and environmental

safety analysis and assessment may be carried considerably beyond the

year 2100. This would be done under a general program of continued

monitoring and safety analysis for all aspects of the facility.

6.2.3 Program Cost Estimates

An estimation of the costs of an environmental and safety

analysis program is not a required aspect of this report. We do note,

however, that the cost and manpower requirements will be directly re-

lated to the level of development of the potential site area, and to the

level of reliability required in collecting baseline data.

6.3 GEOTECHNICAL INVESTIGATIONS

6.3.1 Objectives and Program Plan

For the purpose of this report, we have rather arbitrarily

separated the geotechnical program from the hydrogeological and geo-



- 112 -

chemical program. Some common areas exist between the two programs,

particularly from the overall viewpoint of detailed site investigation.

The geotechnical program is mostly directed toward gathering data for

assessments of the structural geology features and the repository

structural design. On the other hand, the hydrogeological and geo-

chemical program is primarily concerned with the groundwater flow and

reaction aspects of the site.

As illustrated in Figure 31, the basic components of the geo-

technical program are the site selection, the detailed site investiga-

tion, and the engineering assessment and evaluation. He are assuming

that the selection of a site for the radioactive waste disposal facility

will be completed by early 1980. The primary purpose of the detailed

site investigation is to study extensively the subsurface geological

features of the site on the basis of drillhole data and local geophysi-

cal surveys. Some aspects of the program, notably those related to

detailed subsurface geologic features and in-situ material properties,

may be extended through the test facility phase and into the production

phase of facility excavation and waste emplacement. The geotechnical

information used in the selection of the site will form a generalized

input to the conceptual design of the facility. The geotechnical infor-

mation obtained after the selection of the site will be used for siting

the facility in the best place in the general site area and for input to

the detailed facility design.

The basic goals of the site investigation aspect of the pro-

gram are:

(1) Delineation of the geological structure, including both

localized and more regionalized fault and joint systems

(2) Recovery of rock core for material properties and mineral-

ogical testing in the laboratory, and for microfracture

assessment
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(3) Determination of the in-situ state of stress and rock strength

properties

(4) Assessment of the local and regional stability of the site

area.

6.3.2 Program Elements

6.3.2.1 Concept Verification and Site Selection

Selection of a site for the radioactive waste disposal facil-

ity is a part of both the geotechnical program and the hydrogeological

and geochemical program, and is assumed to be under the auspices of

other groups with the goal of selecting a site by the early 1980's. We

are also assuming that the bulk of the detailed exploratory drilling

will be performed after the selection of a specific site.

6.3.2.2 Detailed Site Investigation

The detailed site investigation aspect of the geotechnical

program can be separated into seven identifiable tasks, as illustrated

in Figure 31. It should be noted that some of the tasks are interre-

lated, and others are requisite input to certain other programs of

research and design engineering discussed in this report. For example,

the tasks involving delineation of the subsurface structural features

and an analysis of the local seismicity will provide relevant informa-

tion to the detailed facility design; on the other hand, the core re-

covered from the drilling effort and the results of the in-situ testing

of stress states and rock properties will form input to the rock mecha-

nics program. This in turn will provide input to the detailed design of

the underground facility.
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The detailed surface mapping, surface and airborne geophysical,

and drilling efforts will all start at about the same time, say during

the latter part of 1979. The surface mapping activity will provide de-

tailed information on local surface geological structure and on such

discontinuities as faults and joints which may intersect the surface.

In particular, if joint systems and faults of even a minor nature are

visible on the surface, it is of interest to at least assess the con-

tinuity of these types of discontinuities over the general site area.

This information, when coupled with geophysical and preliminary explora-

tory drilling formation, will give a clear definition of continued

drilling needed to intersect and assess subsurface structural discon-

tinuities. It is anticipated that the surface mapping will be accom-

plished by both surface and airborne photography surveys, including the

use of infra red photography. The surface and airborne geophysical

activities will concentrate on a general delineation of subsurface

structure, and will involve such techniques as electrical resistivity,

seismic reflection, and possibly electromagnetic surveys. The prelimi-

nary drilling activities will involve hole spacings on the order of 3000

to 4000 m, with core samples commonly obtained from all holes. We

anticipate that the holes will be drilled to a depth of about 1500 m,

both within and outside the general repository site area. Some atten-

tion will have to be given to the technique of sealing the holes ade-

quately to avoid providing a passage for groundwater flow later in the

life of the facility.

On the basis of the results obtained from the above activi-

ties, a better definition of drillhole spacing and inclination will be

possible. Some of the holes must be drilled on an incline in order to

obtain a broader assessment of subsurface structural discontinuities

throughout the immediate facility zone. Logging and photographing of

the core is necessary to delineate both microdiscontinuity and macro-

scopic features. In addition, any logging should include downhole

photography, mineralogical and pétrographie examinations of the recovered
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core and drill cuttings, and packer and drillstem permeability tests.

The use of a multishot photographic directional inclinometer at regular

intervals in the drillholes is recommended.

The object of the downhole geophysical effort is to develop a

three-dimensional picture of the subsurface geological structure, in

conjuntion with results of the surface mapping, surface and airborne

geophysical surveys which should be considered, including resistivity,

caliper logging, sonic velocity, seisviewer, spontaneous (or natural)

potential, natural ganra, neutron-neutron, neutron-gamma, gamma-gamma,

fluid resistivity, temperature, and flowmeter.

An evaluation of the in-situ state of stress and rock proper-

ties at depth is a difficult and expensive task vhen only exploratory

drillholes are available. These data are of prime interest for the rock

mechanics investigations of the detailed facility design. One would

like to obtain these data at various depths in the exploratory drill-

holes, but without damaging the rock mass around the drillholes; frac-

ture initiation during testing would tend to make sealing of the drill-

hole difficult. The task will require careful thought and study during

the site selection period to develop and/or test possible techniques and

methods. One may obtain these data during shaft excavation and the sub-

sequent test facility operation. This information can be obtained

during the preliminary construction phase of the facility, in order to

provide data input into the long-term analyses of global rock stability.

The purpose of the seismicity analysis is to assess initially

regional seismicity on the basis of historical data and, when the site

is selected, local seismicity. In particular, any faults near the

facility site should be studied for their potential activity. This

information is of interest to the designers of the underground facility
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for analyses of the structural response of the shafts, entries, and

rooms due to a particular magnitude and frequency spectrum of seismic

loading.

6.3.2.3 Engineering Assessment

As geotechnical data are collected and assessed before and

after the selection of a site, the collection of information should be

extensively reviewed by AECL and other experts. The purpose of this

engineering assessment is to develop the criteria for site selection and

suitability, and to evaluate the site data on the basis of these cri-

teria for final acceptance. This task is assumed to continue at least

to the end of the production operation.

6.3.3 Program Cost Estimates

The cost elements of the geotechnical program are presented in

Table 3 in 1976 dollars. Prior to the preliminary construction and

mining for the test facility operation, an estimated 9 600 000 dollars

and 71 manyears of effort are required. During the preliminary con-

struction and mining operations and the first year of test facility

operation, a cumulative expenditure of $700 000 is necessary. The test

facility operation will require a total expenditure of $615 000 for

geotechnical investigations, with a similar amount estimated for the

production repository operation. A cumulative total of 11 500 000

dollars is estimated as a minimum requirement for the program through

the year 2025. This program should provide the necessary basic geo-

technical data and engineering assessment for the detailed facility

design, and for refinements of the design during the test facility and

production phases of the repository operation.
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6.4 HYDROGJOLOGICAL AND GEOCHEMICAL RESEARCH AND INVESTIGATIONS

6.4.1 Objectives and Program Plan

As mentioned in the discussion of the geotechnical program, we

have separated on an arbitrary basis the elements of the hydrogeological

and geochemical program from those of the geotechnical program. The

task of site selection is contained as a task under both programs, but

here the emphasis is on hydrogeological considerations. This program is

much more of a research nature, involving groundwater transport and re-

action processes with associated safety analysis and monitoring consi-

derations.

As illustrated in Figure 32, the basic components of Che

hydrogeological and geochemical program are the concept verification and

site selection, the detailed site investigation, analysis and modelling,

and safety analysis and monitoring. It is assumed that the selection of

a site for the radioactive waste disposal facility will be completed by

the early 1980's. The objectives of the other three tasks under this

program may be summarized as follows:

(1) To collect both migration and chemical data for surface and

subsurface water at the selected site

(2) To model the subsurface water flow at the selected site, with

consideration of the structural geological features, thermal

gradients as a consequence of the emplacement of heat-gener-

ating radioactive waste, corrosion of the waste packaging

containers, and associated contaminant leaching and transport

(3) To perform a probabilistic safety analysis with emphasis

directed toward long-term containment of the radioactive waste

within the repository facility, and to develop and implement a

aonitoring system for both short-tern and long-term evaluation

of groundwater migration and chemistry.
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6.4.2 Program Elements

6.4.2.1 Concept Verification and Site Selection

As noted in the discussion of a geotechnical program, we are

assuming that the selection of the site by the early 1980's is under the

auspices of other groups. During the concept verification stage it is

anticipated that the data available for surface water and associated

climatic conditions for precipitation, evapotranspiration, run-off and

infiltration will be more readily available than subsurface groundwater

data.

6.4.2.2 Detailed Site Investigation

This element can be separated into six tasks which identify

particular surface and subsurface water considerations. The local and

regional variations in topography are of interest for analysis of

hydraulic gradients and associated bodies of water available for re-

charge. One must also consider accessibility of the site, disposal

site(s) for waste rock from the underground excavation and run-off

channels for water pumped from the underground excavation. We are pro-

posing that a climatic monitoring system be established in order to

evaluate the impact of climatic change on the groundwater regime.

Assessments must be made, both on a local and regional basis, of the

balance between precipitation, evapotranspiration, run-off and infiltra-

tion.

For groundwater within the site rock, consideration must be

given to the overall hydrogeological regime, including definition of

porosity and permeability profiles, hydraulic pressure gradients, and

flow direction. Furthermore, site-specific "active", "intermediate",

and "inactive" groundwater zones must be defined. Extensive review of
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both surface mapping and drillhole data must be made to determine the

existence of any postulated leakage paths.

Estimates of the inflow of water into the facility must be made,

as these data may considerably affect the detailed facility design, parti-

cularly for concepts of radioactive waste emplacement and long-term con-

tainment. A good starting point, as already undertaken by the GSC*, is a

collection of historical data from existing mines in similar rock types.

Prior to shaft excavation, a review of the drilling and logging data and

the results of the packer and drillstem tests will aid in the prediction

of inflow rates. These predictions can be reassessed and refined after

shaft construction and periodically throughout the test facility and

production emplacement phases of the facility operation.

Consideration must also be given to age-dating of the ground-

water and to the direction and velocity of the groundwater migration. An

assessment should be made of water sampling techniques at depth, with

possible further refinement, so as not to cause mixing in the boreholes.

The age of the water at various depths in each drillhole on the site may

give the best velocity estimates of cross-site flow.

Laboratory analyses of rock mineralogy, joint surfaces, joint

fillings and groundwater chemistry are required to determine the po-

tential for geochemical retardation of contaminant ions. Such an assess-

ment should be made for plutonic rock groundwater in general, from a

regional viewpoint, and also for site-specific conditions. The regional

assessment will naturally lead into a site-specific assessment.

We are proposing that in-situ testing be performed in the test

facility, and subsequently in the production facility, in order to con-

firm previous assessments and predictions. It is noted that the excava-

tions and the subsequent emplacement of heat-generating radioactive

Geological Survey of Canada
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waste may significantly modify the groundwater conditions and that long-

term and global conditions of groundwater migration will have to be

based on the initial "undisturbed" regime as a baseline.

6.4.2.3 Analysis and Modelling

The primary purpose of this study element is to analyse and

model the groundwater flow and contaminant transport in the site area,

in the short- and long-term. This will include the effects of dis-

turbing the rock mass by excavation and introducing abnormal temperature

fields above those existing due to geothermal heat flow. This analysis

is of particular importance for the assessment of corrosion of the waste

packaging containers and of the transport of contaminants over distances

that are large compared to the repository dimensions. In order to cover

the various aspects of the analysis and modelling, this element has been

separated into seven tasks, each with a definable and interrelated pur-

pose. The results of the detailed site investigation, both under this

program and under the geotechnical program, will form both input and

comparative data for the various tasks.

We are proposing that computer modeling of the water conduc-

ting system be accomplished, initially using existing data in a concep-

tual fashion and subsequently using site-specific data. An initial goal

is to predict water inflow quantities for the entire underground facili-

ty, in order to compare these quantities with the given acceptance

criteria and with the ventilation capability to extract moisture during

the operational phase of the facility. It may also be advisable to

model the effects of grouting and bulkheading operations on groundwater

inflow. It is recommended that the local and global temperature fields,

as determined under the rock mechanics program, should be incorporated

into the models.
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In conjunction with tha research and design program of radio-

active waste packaging, an analysis of the contaminant leaching and

transport rates and of available flow paths must be made. These data

will be important in assessing the requirements for corrosion-resistant

cladding of Che radioactive waste in the short and long term. In con-

junction with this task, it is suggested that laboratory experiments be

conducted for the determination of the leaching rate of the borosilicate

glass matrix, including the effects of heat, irradiation and groundwater

velocity. The use of site-specific data for the groundwater regime

should be used as early as possible in the experimental program.

Although essentially a theoretical exercise, both leakage

paths and mechanisms should be postulated. These postulations may be

based initially on precedent data, but would subsequently involve site-

specific data on systematic joint systems, siigular features and ground-

water velocity vectors. The validity of the postulates can be reexamined

with the increasing availability of detailed site investigation data.

We are proposing that computer modelling be undertaken to incorporate

postulated leakage paths, groundwater velocities, leaching rates, dif-

fusion, mechanical dispersion (possibly) and thermal convection for an

assessment of contaminant transport. The effect of natural or induced

geochemical retardation should also be included in the model.

An assessment of geochemical containment within the facility

must be made in connection with backfilling and shaft sealing. At the

outset we would propose that precedent data for retardation by ion-

exchange, precipitation, etc. be reviewed, and that the potential for

engineering geochemical containment be examined in general. This

assessment of potential would continue on the basis of site-specific

conditions. Consideration should be given to the design of geochemical

backfill, probably based on natural materials of proven longevity which

could guarantee migration retardation.
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Finally, we are proposing that laboratory and in-situ tests be

performed to confirm predictions and assessments made under the modelling

and analysis activities in light of continuously-augmented site-specific

data. Validation of the analytical models should substantiate the long-

term predictions of containment.

6.4.2.4 Hydrogeological Safety Analysis and Monitoring

This element is only one part of the overall safety and moni-

toring studies for the repository facility. The emphasis is placed on

long-term containment of the radioactive waste from the viewpoints of

reasonable safety levels and of associated monitoring procedures and

standards. This element must begin with the establishment of acceptable

safety criteria. These criteria would be related, for example, to maxi-

mum concentrations of contaminants reaching specified locations either

within or outside the site area and to the minimum time period that muse

elapse before the contaminants reach specified locations. The safety

criteria could be related to the ingestion hazard and to the possible

long-term use of surrounding land and subsurface space. Development may

proceed through the use of a pathway model.

Since it is recognized that many of the important parameters

of the hydrogeological and geochemical evaluations can only be established

within limiting bounds, at least initially, it is suggested that a prob-

abilistic approach be taken to quantify the levels of safety and anti-

cipated hazards. As site-specific data becomes available in increasing

quantities and the level of reliability increases, the ranges on the

various parameters will decrease and the results of the probabilistic

safety analysis will become more definitive. The results of this analy-

sis must be compared with the criteria of acceptance, whereupon deci-

sions regarding the acceptance or rejection of a particular repository

site or concept can be made.
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The primary purpose of the monitoring task is to establish the

instrumentation and associated needs for evaluation of groundwater

migration and chemistry during and after the production phase of the

facility. We anticipate that these monitoring activities will be less

difficult during the production phase of the repository facility than

during the sealing activities and subsequent decommissioning of the

facility. However, results of the monitoring activities, from say 1984

to 2025, will provide baseline instrumentation techniques and procedures

for monitoring over a subsequent period of several hundreds of years.

6.4.3 Program Cost Estimates

The research cost elements of the hydrogeological and geo-

chemical program are presented in Table 4 in 1976 dollars. Before

selecting of the site and during the first year of detailed facility

design, an estimated 4 800 000 dollars and 60 man-years of effort are

required for the three elements of the program. During the remainder of

the detailed facility design, approximately $550 000 will be required.

The preliminary construction and mining phase of the repository program

will require approximately $175 000 each year. About $900 000 will be

necessary annually for the performance of this program during the test

facility and production phases of the repository operation.

6.5 ROCK MECHANICS RESEARCH

6.5.1 Objectives and Program Plan

The primary objective of the rock mechanics program is to

develop information of a rather fundamental nature for:

(1) Structural design of the underground facility, including the

shafts, shaft station, entries, rooms, pillars, etc., with

appropriate consideration of the pre-mining state of stress
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I in the rock mass, thermal loading due to radioactive waste
r 'i

-: emplacement, and the material properties of the rock mass

'•' (2) Design of the radioactive waste canister emplacement scheme,

with consideration of canister array geometry and retriev-

ability, in conjunction with the response of the rock to

thermal loading

(3) Assessment of the short-term stability of the underground

openings and of the long-term stability of the entire facility

in a global structural sense. (See Sub-Section 6.5.2.1)

(4) Development and/or selection of instrumentation for monitoring

both the short- and long-term aspects of the structural re-

sponse of the facility to the combined effects of excavation

and thermal loading with time.

In order to accomplish these objectives, we are proposing an integrated

program of analysis, laboratory and field experimentation and instrumen-

tation, as illustrated in Figure 33. We expect that the prime features

of the integrated rock mechanics effort tc be developed over the next

ten years will carry into the test facility and production repository

phases as a technical supporting branch of the facility operation. The

information developed during the initial ten years of the program will

be used primarily for conceptual and detailed facility design. The

information developed as the test facility is being excavated, beginning

in approximately 1985, would be utilized to refine the basic facility

design and to solve local rock stability problems as they may be en-

countered during the mining operation. All the information gathered to

the year 2025 would be used for ongoing assessments of the long-term

structural stability of the facility and of the specific instrumentation

needs for monitoring purposes beyond the year 2025.
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6.5.2 Program Elements

6.5.2.1 Thermal/Mechanical Analysis

This study element involves the analysie of stresses and de-

formations induced in the rock as a consequence of excavating under-

ground openings in a rock mass with an existing natural state of in-situ

stress, and as a further consequence of thermal loading due to the em-

placement of heat-generating radioactive waste. The particular aspects

of the temperature and stress analyses may be separated to assessments

of local and global effects and of short-term and long-term effects.

Local effects concern the thermal/mechanical response of the rock in the

near-field to the heat-generating waste emplacement; e.g. in the rock

that forms the floor, roof and pillars of the disposal rooms. The

global effects concern the large-scale features of the facility and the

rock mass as a whole; e.g. the uplift and subsidence of the surface,

the overall closure of the panels, etc. From the viewpoint of time as

a variable, the analyses can be further separated into those of a short-

term or "quasi-static" nature and those of a long-term or "creep" nature.

The quasi-static analyses concern specifically the excavation and opera-

tional procedures of the repository. On the other hand, the creep

aspects are concerned with the long-term behaviour of the structure

after termination of waste emplacement. Tbe tools that are necessary

to accomplish these analyses range from relatively simple and straight-

forward analytical approximations to finite-element procedures which

allow for both geometrical and material nonlinearities.

Prior to the selection of a specific site, the thermal/mech-

anical analyses must be directed toward the assessment of the stability

of rooms, panels, entries, and shafts, using primarily a conceptual

and parametric approach. Room and panel geometries, waste empflLpyment

arrays and overall repository geometries can be analyzed from the view-
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point of minimizing local or global structural failure, utilizing exist-

ing thermal and mechanical properties for the probable site rock. Once

the site has been selected, basic geotechnical information on joint sys-

tems and other rock discontinuities will become available, along with

data developed in the laboratory on the thermal/mechanical properties of

the site rock. Subsequently, the analyses can become more specific and

design-oriented. The analyses will become increasingly site-specific

during the preliminary construction and mining and corresponding test

facility operation, and as the data from the laboratory and field test-

ing become available. We anticipate that the relatively short-term

aspects of rock stability will have been treated in adequate detail by

the year 2000; however, the global and long-term aspects of the struc-

tural stability of the facility will be continued for some 25 years

after termination of waste emplacement. The required level of sophisti-

cation of the analyses is directly related to the homogeneity, isotropy,

and linearity of the material properties, and to the structural features

of the rock mass. It is also anticipated that the simulation of the in-

situ heater and radioactive waste experiments, including instrumentation

and placement, will be handled by the expertise developed under this

study element; the same may be said for the installation of instrumenta-

tion for the long-term monitoring of the facility after termination of

waste emplacement.

6.5.2.2 Materials Properties Testing (Laboratory)

This study element covers determination of the mechanical and

thermal properties of the site rock, and particularly concerns the

quasi-static strength and deformation properties of the site rock for

evaluation of the short-term structural behavior of the facility. The

creep deformation and rupture characteristics of the site rock must be

known in order to assess the long-term structural stability of the
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facility, particularly after the termination of the waste emplacement.

The thermal properties of the site rock are obviously required for ana-

lyses of the transient temperature fields generated in the rock mass

around the facility as a consequence of waste emplacement.

The rock properties data that are generated in the laboratory

testing must be incorporated into a consistent constitutive criterion

for flow and/or fracture. The preliminary experiments will dictate to

some extent the general form required of the constitutive law; conver-

sely, this form will in turn provide additional information for refine-

ment of the laboratory experiments. This constitutive law will be used

in the thermal/mechanical analyses, to assess both local and global

rock flow and/or fracture. In particular, the reliability of the pre-

dictions from the thermal/mechanical analyses will be quite dependent

upon the basic data generated in the laboratory.

The apparatus for the measurements of the thermal properties,

notably thermal conductivity, specific heat, and thermal expansion, are

generally available as off-shelf items. However, the equipment for the

quasi-static strength and creep deformation tests will probably have to

be designed, built and calibrated by program personnel. Although the

equipment for the quasi-static strength test is available from commer-

cial sources, the equipment will probably not be applicable for the

creep deformation tests, and it would be more advisable to develop equip-

ment to handle both types of tests specifically for the anticipated type

of site rock. An estimated time interval of two years is reasonable

for production of the equipment from conception to calibration.

Further refinement of the equipment will be required at various times

up to the year 2025.

6.5.2.3 Simulation Studies of Existing Mines

The primary purpose here is to assess the predictive capa-

bility of the analysis procedures. The approach is to select one or
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two mines of comparable depth and material type to the proposed reposi-

tory facility. We may assume that information on the convergence of

underground openings, the local failure characteristics of the rock

surrounding the openings, and the subsidence of the general area is

available for these mines. It is then possible to develop and evaluate

analytical/numerical models, using available elastic and strength pro-

perties data for the particular mine sites. Although available data

will only be applicable to the temperature situation in unheated mines,

at least the mechanical aspects of the analysis procedures can be

evaluated and updated as required.

6.5.2.4 In-Situ Heater/Radioactive Waste Experiments

The goal of this study element is to simulate the emplacement

of radioactive waste in the probable site rock type, and later in the

actual site rock, for the purpose of evaluating the response of the rock

and the total surrounding mine structure to induced thermal loading.

Complementary goals involve an early assessment of the required retrie-

val procedures. Before selecting the site for the repository facility,

the emplacement of radioactive waste can be simulated by the use of

electrical heaters, with monitoring of thermally-induced stresses and

strains and of water migration in the immediate vicinity of the heaters.

One would also undertake the simulation of the experiment by the use of

thermal/mechanical analysis procedures. This is necessary for the dual

purpose of selecting the instrumentation layout and subsequently evalua-

ting the predictive capability of the analysis procedures. The infor-

mation acquired from these experiments would provide input to the de-

tailed design of the waste emplacement scheme in the proposed facility,

and provide the basic data for subsequent in-situ heater experiments in

the test facility operation. The in-situ heater experiments will pro-

vide the information required for the design and installation of an

irradiated fuel experiment in the test facility, and later for a high-

level radioactive waste experiment. This information would reinforce
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and refine the design of the emplacement array in the production reposi-

tory facility, and provide another basis for evaluating the predictive

capability of the thermal/mechanical analysis procedures. High-level

radioactive waste experiments could be continued throughout the produc-

tion life of the facility, in order to acquire some 35 years of data for

assessment of the long-term structural stability.

6.5.2.5 Instrumentât ion

The primary purpose of the instrumentation element of the rock

mechanics program is to develop a continuing capability for evaluation

and selection of instrumentation for both short-term and long-term mon-

itoring of the structural réponse of the repository facility. Instru-

mentation would also be needed for the in-situ heater and radioactive

waste experiments. Monitoring of the structural response of the facil-

ity during the test facility and production phases is considerably less

difficult than that required in the 25 years following termination of

waste emplacement. During these 25 years, it is anticipated that the

instrumentation for monitoring over a period of several hundreds of

years would be established.

6.5.3 Program Cost Estimates

The research cost elements of the rock mechanics program are

presented in Table 5 in 1976 dollars. Before selecting the site and

the start of the detailed facility design, an estimated 3 700 000 dollars

and 42 man years of effort are required for the five study elements

of the program. The annual expenditure thereafter could be reduced to

about $550 000 per year until the start of the installation of the in-

situ experiments in the demonstration repository. The cumulative total

of 33 000 000 dollars is estimated as a minimum requirement for the pro-

gram to the year 2050. This program should provide the necessary rock

mechanics data for the conceptual and detailed facility design, and for
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y,

>• further refinements of the design during the test facility and production

! phases of the repository operation.

ï

j 6.6 WASTE PACKAGING RESEARCH AND DESIGN

f

I 6.6.1 Objectives and Program Plan

: The primary objective of the waste packaging program is to

: develop, design and field test a radioactive waste container that will

be compatible with its environment over a specified period of time. To

accomplish this objective, we are proposing an integrated and -staged pro-

• gram of packaging material evaluation and container geometry design.

This will include preliminary in-situ testing under approximately site-

specific conditions prior to test facility operation and testing within

the site rock of the test facility itself. The elements of the program

are presented in Figure 34.

In general, the material within which the radioactive waste

will be packaged should have:

(1) A capability for withstanding externally-induced destruction

which may occur from corrosion due to groundwater in the

immediate vicinity of the container, and from mechanical

forces which may be induced by thermal expansion and creep

of the rock due to heating by the radioactive waste;

(2) A capability to withstand internally-induced destruction

which may occur from forces developed by thermal expansion

of the radioactive waste;

(3) A cost that is relatively economical within the overall frame-

work of costs of the overall repository facility;

(4) Suitability for use with waste reprocessing methodology;

(5) A relative "transparency" to gamma radiation in order to

minimize radiation heating (Joule-type heating).
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For designing the waste package, the following considerations

must be kept in Bind:

(1) The ratio of the volume of the packaging material to the

volume of the radioactive waste in the package should be mini-

mized for cost economy;

(2) The geometry of the container should be such that radiation

shielding by the waste itself is maximized;

(3) The container should be designed in conjunction with the con-

straints of handling and transport, of the allowable dimensions

of the shaft, and of underground and room facilities;

(4) The surface area for heat transfer to the rock should be maxi-

mized .

The above considerations are generally site-specific, but will

become more so after the selection of a particular site; i.e., after the

amount of groundwater available for corrosive action and the thermal/

mechanical loading of the container walls by the rock are determined.

In effect, the interaction between the waste packaging and the site rock

must be evaluated and assessed. It can be reasonably assumed that any

contact between the waste and the rock will result in chemical and

physical interactions which will tend to be accelerated due to the

higher-than-ambient temperatures of the waste.

For the testing program, we are proposing that a preliminary

evaluation of the container material and geometry be made by means of

in-situ experiments in a rock type that is reasonably similar to the

general site areas under consideration. The information gained from

these preliminary in-situ tests will provide at least preliminary infor-

mation of a more definitive nature for the detailed facility design.

This information will also provide basic data for continued material

evaluations and container geometry design prior to the start of the
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test facility. At the start of the test facility operation, it would be

advisable to evaluate the packaging material and container geometry under

j.; site-specific conditions, in conjunction with the in-situ tests of the

• rock mechanics program.

The evaluation of the waste packaging material and the design

of the container geometry should be continued until the end of the test

facility operation. The basic reason for this recommendation is the

currently-anticipated cost of using stainless stetl containers for the

radioactive waste. Another factor is the significant cost of emplacing

these canisters in excavations below the level of the disposal room,

either in drillholes or trenches. Any scientific breakthroughs in

either packaging material or container design, coupled with the results

of the in-situ tests, may significantly reduce these costs, and pay for

the cost of this research programme many times over.

6.6.2 Program Elements

6.6.2.1 Packaging Material Evaluation

The primary purpose of this task is to analyze, test and

evaluate the thermo-mechanical and thermochemical response of the pack-

aging material. This would initially be done on the basis of the con-

ceptual thermal loadings and groundwater conditions, and subsequently

on the basis of the designed thermal loadings and site-specific ground-

water conditions. A time criterion may be established for full contain-

ment of the waste within the container and for determination of the

site rock properties and water conditions. Henceforth, a set of con-

straints for the evaluation of the container material can be formulated

on the basis of the coupled effects of corrosion due to groundwater

migration, of loading of the surrounding rock on the container wall as

a consequence of thermal expansion and of internal loads within the
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container induced by thermal expansion of the radioactive waste. One

must also keep in mind that the container material must be compatible

with reprocessing methodology.

6.6.2.2 Container Geometry Design

The primary purpose of this task is to make a geometrical de-

sign of the waste container which minimizes the volume of required con-

tainer material and the problems associated with handling and trans-

porting the package, and maximizes the heat transfer from the package to

the surrounding rock of ventilation air after emplacement. .Optimization

of the geometry for radiation shielding by the waste itself is also

desirable. The design of the container geometry must also be coordi-

nated with the emplacement and handling concepts.

6.6.2.3 In-Situ Testing

This task will start during the conceptual facility design,

probably in conjunction with the in-situ heater experiments of the rock

mechanics program. The basic purpose is to evaluate, under realistic

conditions, the packaging material and container geometry design in

conjunction with any initial concepts of retrievability. This infor-

mation will be used as direct input to the detailed facility design and

to the design of experiments in the test facility. This information

will also be used for the packaging material evaluation and container

geometry design. Although thé anticipated corrosion and thermo-mecha-

nical effects of rock loading cannot be fully evaluated over a period of

only a few years, the information will form a definitive baseline for

subsequent experiments and data evaluations.
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g) 6.6.2.4 Test Facility Experiments

I This task will be initiated in conjunction with the ln-situ

: tests of the rock mechanics program in the test facility. As indicated

! in the discussion of that program, the testing will involve a sequence

f of electrical heater, irradiated fuel, and high-level waste experiments;

L the latter experiment will be carried through the production emplacement

| phase of the facility. The overall purpose, is to provide additional

• information for improvements in packaging material and container geo-

i metry design, and possibly for emplacement schemes. These experiments

: will also yield valuable data for inclusion into the assessment of the

I long-term containment of the radioactive waste in the repository faci-

lity.

6.6.3 Program Cost Estimates

The research and design cost elements of the waste packaging

program are presented in Table 6 in 1976 dollars. Before selecting of

the site and the start of the detailed facility design, an estimated

$470 000 and 6.75 man-years of effort are required for the four study

elements of the program. The annual expenditures during the detailed

facility design and during the preliminary construction and raining

phases are approximately $90 000 and $40 000, respectively. During

the test facility operation, an estimated total of $700 000 will be

required. This program should give the necessary information for ade-

quate waste packaging.

6.7 REPOSITORY DESIGN

6.7.1 Objectives and Program Plan

The repository design program involves elements of conceptual

and detailed design, with research done on an "as needed" basis. The
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information developed under the research programs previously discussed in

this report provides input to this program. As illustrated in Figure 35,

the elements of the repository design program are categorized into three

distinct periods to the year 2025; namely:

(1) 1976-1982: preconceptual feasibility and planning activities,

conceptual facility design activities, and detailed facility

design activities. These activities are a necessary pre-

requisite to the preliminary construction and mining acti-

vities required for initiation of the test facility operation

in 198C and for initiation of the production repository opera-

tion in approximately the year 2000.

(2) 1996-1998: reassessment and refinement of the detailed faci-

lity design, based on approximately 20 years of research re-

sults of associated programs and 15 years of test facility

operation. This reassessment and refinement of the design is

a necessary prerequisite to further construction and mining

activities required for the production repository operation.

(3) 2023-2025: design and research activities required to imple-

ment the decommissioning, sealing, and monitoring phases of

the repository facility.

The primary goals of the repository design program are to

develop a detailed design for the test facility construction and opera-

tion; to extend that design on the basis of enhanced technical know-

ledge, for use in the production repository; and to further upgrade

those aspects of the design related to sealing, decommissioning, and

monitoring the facility. It should be noted that we have included the

design elements of radioactive waste retrievability &.;4 radioactive

waste handling within the final phase of the program from the years

2023 to 2025. These elements are thought to be important in the event

that it becomes either necessary or desirable after the year 2025, to
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retrieve the emplaced radioactive waste. The study elements of radio-

active waste emplacement and retrievability are continuing functions

throughout the preliminary construction and test facility operations.

It is felt that these study elements are ones which will require a sig-

nificant amount of evaluation during the test facility operation, in

conjunction with the in-situ experiments of the rock mechanics and waste

packaging programs.

6.7.2 Program Elements

6.7.2.1 Facility Layout and Design

The primary purpose of this element is the layout and design

of all required surface, shaft and underground facilities. For surface

facilities, one must consider the architectural and structural design of

the receiving and temporary storage buildings for the radioactive waste,

the headframes, hoist and staging facilities for the shafts, the mine

air supply and air exhaust filtration buildings, the mine operations and

administration building, miscellaneous warehouse and maintenance build-

ings and the gatehouses. For shaft and shaft station facilities, con-

sideration must be given to the design of the man-materials shaft,

radioactive waste shaft, requisite ventilation and escape shafts and

associated station facilities at the mine level; the station facilities

will include receiving and temporary storage areas for the radioactive

waste, rock bins, skip pockets, sumps, etc. The mine requires the

design of the main and sub-main haulageways, panels and associated

disposal rooms, access and ventilation drifts, and miscellaneous engi-

neering, and personnel, maintenance, safety, and sanitary facilities.

Depending to some extent on the remoteness of the facility

site, the layout and design of a townsite, housing, and an airport may

be required. In such an instance, the complementary design of sup-
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porting facilities would be necessary such as schools and recreational

and shopping facilities. The design of water and sanitation systems,

site improvements, utilities and associated services are covered in sub-

section 6.7.2.2 below.

6.7.2.2 Site Improvements, Utilities, and Services

The purpose of this element is to specify and design the

necesary improvements to the surface facility for transportation access

and utility services, as required for functional operation of the entire

facility. The basic surface site will require some clearing of vegeta-

tion growth and top soil, with associated grading for water drainage and

local landscaping to provide adequate protection against erosion. For

transportation, a system of primary and secondary roads on the site, a

facility parking lot and railroad spurs and sidings will be required.

The physical extent and magnitude of the fencing around the facility

will depend to a certain extent on the degree of security required.

Fencing within the surface facility area may be required to separate the

areas of radioactive waste 'handling and temporary storage from those of

the normal mining operation. A water supply and distribution loop

system is necessary for domestic use, fire protection, and process

equipment, including possibly the mine exhaust air filtration system.

A fuel system will be required for building and mine space heating, as

well as for water heating or cooling for the surface facilities.

Design is required of systems for pumping water from the sump of each

shaft to the surface, and for water supply within the mine itself. The

sanitary waste disposal system will require a piping network and a

sewage treatment plant; provision must be made for the physical transfer

of sanitary waste generated in the mine into the system. Design is

necessary for an electrical substation and distribution system for

incoming power from a utility transmission line, a standby power gener-

ating system and a battery system for emergency lighting and communica-
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tions. Design of the electrical supply to the mine itself will also be

required. A telephone system will be required with a tie-in between the

surface and underground facilities, including both standard and emer-

gency lines.

6.7.2.3 Underground Rock Excavation and Haulage Systems

The purpose of this element is to analyze and select the

appropriate excavation/haulage system and equipment for the underground

mining operation. The major considerations that will affect this selec-

tion are: (1) available labor force; (2) excavation requirements; (3)

haulage distances; (4) ventilation requirements; and (5) cost limita-

tions. The analysis for the selection of an appropriate excavation/

haulage system may require a simulation approach based on the proposed

design, upper and lower limits of excavation quantities and haulage

distances can be specified for input into the system simulation process.

For the selection of equipment, we anticipate that the study will be

geared to the availability of "off-the-shelf" items, rather than to the

development of any new types of excavation and/or haulage equipment.

6.7.2.4 Surface Handling and Disposal of Mine Rock

The purpose of this element is to design a system for handling

of the mine rock from the hoisting headframe to the spoil pile on or

near the facility site. Some thought must also be given to the poten-

tial use of the excavated rock for backfilling after waste emplacement.

For this reason, a coarse screening system on the surface may be neces-

sary in order to grade the broken rock for disposal into separate spoil

piles. We anticipate that the bulk or all of the equipment required for

surface handling and disposal of the rock will be "off-the-shelf" items.
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6.7.2.5 Ventilation and Air Filtration

The primary goal of this element is to analyze and select the

heating, ventilation, air conditioning and air confinement systems. The

systems must provide the necessary protection for equipment and satis-

factory working conditions for operating personnel, and must restrict

discharge of radioactive contaminants to the surface air. This will re-

quire cleansing of that air by means of filtration plants to levels that

are acceptable within human and environmental constraints. For the sur-

face facilities, it may be necessary to divide the facility into primary,

secondary and confined areas, as dictated by the need for handling and

temporary storage of radioactive materials. Confinement ventilation may

be defined as ventilation in those areas in which radioactive contamina-

tion of the air is possible, either on the surface, in the shaft or

underground. Confinement ventilation areas must be operated at negative

pressure relative to the atmosphere, with possible barrier systems and

air filtration systems. Exhaust ventilation air from the underground

facilities, which has passed through radioactive waste storage areas,

will probably require filtration at the surface with continuous monitor-

ing of air quality. The confinement ventilation will require standby

systems to maintain confinement in the event of fan breakdown, filter

failure, power outage, etc.

We anticipate that the ventilation and air filtration system

will undergo rigorous simulation by computer procedures, to assess the

equipment needs for normal and emergency operations. Monitoring the

contamination of the air throughout the ventilation circuit appears de-

sirable and necessary with automatic air door or air lock systems and

equipment. The equipment required for the ventilation and air filtra-

tion systems is probably conventional, with a minimum of development

required.
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6.7.2.6 Radioactive Waste Emplacement

The objective of this element is to develop and test the con-

cept or concepts of radioactive waste emplacement in the underground

facility, and to select, develop or design the necessary equipment. The

selection of the emplacement equipment, and any additional required

design or development, will be directly related to the particular em-

placement concept. It should also be noted that the concept will have a

direct bearing on the layout of the underground facility, on the appro-

priate excavation/haulage and surface handling/surface disposal systems

and on the techniques of radioactive waste retrievability. While many

of the other elements of this program are basically "state-of-the-art"

functions, this element will require extensive development efforts and

coordination with associated elements of the other research and design

engineering programs. The equipment necessary for drilling large-

diameter and relatively deep drillholes in rooms with minimal headroom

may not be available and may need an extensive development effort.

6.7.2.7 Radioactive Waste Retrievability

The purpose of this element is to analyze and develop the con-

cept or concepts for retrievability of emplaced radioactive waste. This

study must be closely coordinated with the waste emplacement concept, as

the equipment necessary for retrieval is dependent on that concept. The

transporting of retrieved waste from the disposal areas to the shaft,

within the shaft and on the surface must also be considered in detail.

This aspect somewhat overlaps with radioactive waste handling. It would

be desirable to use "off-the-shelf" items of equipment if retrievability

is required or becomes necessary, but it is anticipated that a certain

amount of development will be required. With regard to the program plan

illustrated in Figure 35, an additional design effort on waste retrieval

may be desirable toward the end of the production repository phase, if
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retrievability of the waste is required either prior to or after back-

filling of the underground facility.

6.7.2.8 Radioactive Waste Handling System

The goal of this element is to analyze the systems for hand-

ling the radioactive waste on the surface, within the shaft and under-

ground, and to select or develop the necessary handling equipment. The

waste handling system and équipaient will be dependent on the method of

delivery of the radioactive waste containers to the site, and on whether

an on-site reprocessing plant is available. Consideration must also be

given to cooling the waste during transportation and to necessary shield-

ing. For shielding of the waste containers, the use of remote automatic

handling equipment may be required. The waste canister material and de-

sign geometry of the-containers will also have a bearing on the selection

of the handling system and the associated equipment. Remote monitoring

of the radioactive waste handling and emplacement will be required, and

provisions for accidents or "spills" must also be developed.

6.7.2.9 Facility Operational Procedures

The purpose of this element is to define in detail the opera-

tional procedures for the surface, shaft and underground facilities, and

to incorporate the operations necessary for maintenance, engineering,

research, and surveillance and security. Initially these operational

procedures will deal primarily with the test facility operation, with a

subsequent continuous feed into the production repository operation.

With regard to both the test facility and production repository opera-

tions, consideration must be given to start-up, normal and emergency

operations and shutdown. Maintenance may be categorized as corrective,

preventive and in-service, and would be directed toward all aspects of

the equipment for the facility operations, with maintenance on an as-
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needed basis for research and monitoring activities. The engineering

operations encompass those functions which are necessary for the overall

surface facility performance and underground mining. The research

operations may incorporate the research activities of the other programs

for the purpose of coordination. The surveillance and security opera-

tions will be geared chiefly toward the screening of cleared and non-

cleared personnel for access to the facility in general, and to those

areas of radioactive waste transport and temporary storage as may be

required. The associated surveillance operation will be concerned with

such items as accounting of radioactive waste materials received at the

facility and subsequently transported to emplacement sites underground.

Surveillance also includes internal radiation monitoring, ventilation

air quality monitoring and other aspects of monitoring during the test

facility and production repository operations.

6.7.2.10 Operation Safety and Standards

The goal of this element is to incorporate existing safety re-

gulations and perhaps re-evaluate or upgrade others into acceptable re-

alistic standards which can be applied to the mining and radioactive

waste handling and emplacement operations and to the overall operations

of the facility. The safety aspects of mining, construction, radio-

active materials handling and general facility operation must be in-

corporated into a consistent and definable set of standards that can be

both followed by the facility personnel and monitored by those personnel

responsible for surveillance, security and safety. An analysis of

potential accidents, and of techniques for prevention and correction,

must be undertaken by means of simulation procedures. Various levels of

accidents must be defined to determine their influence on the integrity

or functional operation of the facility as a whole.
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6.7.2.11 Monitoring

The purpose of this element is to develop and coordinate all

aspects of both short- and long-term monitoring required for radiation,

air quality, hydrogeological and rock mechanics evaluations. Consider-

ation of the types of instrumentation and equipment necessary for the

various aspects of monitoring is included, along with the development of

operational procedures. Monitoring of the operational procedures of the

facility as a whole may be necessary for either the research operations

or the surveillance, security and safety operations.

In the long term, monitoring of the waste facility radio-

activity levels, temperatures, rock deformations and stress levels and

hydrogeological behavior is required to assess such items as long-term

retrievability of the radioactive waste, adequacy of sealing and poten-

tial for safe decommissioning. Monitoring during the operational phase

of the repository will be required for personnel and environmental

safety, and will probably be more intense than the monitoring after

waste emplacement because of the presence of mining and waste emplace-

ment personnel.

6.7.2.12 Sealing and Decommissioning

The goals of this element are to analyze and develop the

procedures and techniques for sealing the shafts and underground exca-

vations, decommissioning the surface facility and for long-term sur-

veillance of the site. The procedures for sealing the repository facil-

ity, for the individual waste packages and the underground facility as a

whole, must be assessed and substantiated during the operational life

of the repository and after decommissioning. A demonstration of the

adequacy of sealing techniques during the test facility and production

repository phases should greatly enhance the procedures for final sealing
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and decommissioning. Consideration must be given to the adequacy of the

sealing for the presence of normal and abnormal hydrogeological and

climatic environments, and for such reasonably unforeseeable events as

military attack or tectonic activity. Long-term surveillance is essen-

tially a concept, but the details and operational procedures must be

developed in close coordination with long-term monitoring concepts.

6.7.2.13 Facility Simulation and Cost Optimization

The purpose of this element is to develop or apply techniques

available for simulation of the entire repository facility. The simu-

lation would begin with the clearing of the site and proceed through

construction, shaft, underground room and entry excavation, radioactive

waste emplacement, etc. to the decommissioning and monitoring of the

facility. This would involve scheduling of all facility activities,

including mining, waste arrival and emplacement, and general operation.

These results would permit an optimization of costs for all aspects of

the facility in relation to the constraints imposed by the nature of the

task of radioactive waste disposal. The simulation "package" and cost

optimization procedures would be used as operational tools by both

management and engineering personnel of the facility, and would be

continually updated throughout the life of the repository.

6.7.2.14 Risk and Uncertainty Analysis

The goal of this element is to assess in a consistent manner

levels of risk and uncertainty in all aspects of the facility operation,

including design, pilot plant operation, production repository operation,

sealing, decommissioning and monitoring. The procedure would begin with

a general description of the disposal concept, including a generic site

description and characterization of the radioactive waste. Definition

1B required of the likely sequences of failure events leading to possible
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radioactive material release from confinement, and of the associated

probabilities of occurrence. Mechanisms and rates of release must be

postulated, along with potential exposure pathways and population contact.

The probable risk to mankind can be determined and must be evaluated in

terms of definable and acceptable criteria. If the risk level is unac-

ceptable, changes must be made either in the concept or In its opera-

tional application to reduce the risk to acceptable standards.

This effort may also be thought of as a global safety analy-

sis, in that the risk criteria for the disposal concept must be satis-

fied. The results of this, and of other concurrent safety analyses !

undertaken in other programs, are interdependent and must provide

degrees of substantiation for each other. It is anticipated that, as

the quantity of basic information from the various study elements of the '

several programs becomes available, increasingly precise evaluations of :

risk and uncertainty in both the short-term and long-term operations .

will be possible. r

6.7.3 Program Cost Estimates

The estimated cumulative expenditures of the geotechnical, ;

hydrogeological and geochemical, rock mechanics and waste packaging - .1

programs are of the order of 56 000 000 dollars. If a total expenditure ,

of 9 000 000 dollars is assumed for the environmental studies and safety

analysis, this total would be increased to 65 000 000 dollars. This

amount represents about 9% of the estimated construction cost of the

repository (see Section 3: Alternative Layouts and Cost Estimates). '

The costs for all aspects of the facility design are estimated to be of }H

the order of 45 000 000 dollars. The conceptual and detailed facility :

designs would require about five percent and 50 - 602 respectively of

this estimate, with the remainder directed toward refinements and re- (j

assessments of the design during the test facility and production :
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operations. The design costs for the decommissioning, sealing and

monitoring phases of the repository are included in this estimate. The

y total cost of all programs in this Section is of the order of 110 000 000

f dollars (1976), or approximately 15£ of the estimated construction cost

I; of the repository.
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TABLE 1

SUMMARY OF UNIT COSTS FOR REPOSITORY EXCAVATION AMD MATERIALS

Item

1. Heading excavation

2. Benching excavation

3. Crushed rock backfill
(gravel size)

4. 0.38 m drilled holes

5. 1.82 m raise-bored shafts

6. 6.09 m diameter access shafts

7. 0.38 m corrugated steel pipe
(galvanized)

8. Twin 30 lbs crane track
(installed with rock bolts
to roof)

9. Bentonite slurry
(delivered, mixed and placed)

10. Mass concrete (in place)

11. Forrawork

Unit

m3

m3

m3

V.

m

m

m

m

n

m3

m2

Cost
($)

20

15

10

65.6

984

6560

16.4

196.8

35.3

78.4

53.8
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TABLE 2

SUMMARY OF UNDERGROUND CONSTRUCTION COSTS OF ALTERNATIVE
SINGLE-LEVEL REPOSITORY CONCEPTS

Concept

1. Floor-Hole
("Baseline")

2. In-Room
Storage

3. Floor-Trench

4. Long Hole

5. Hot Shaft

Canisters

250 W
2500 W
2500 W

250 W
250 W

250 W
250 W

250 W

250 W

GTL,
(W/mZ)

32
32
128

32
128

32
128

24

32

* See qualifications in text

Shafts

30
30
30

30
30

30
30

30

30

Includes no allowance for ventilation

Costs (1976 106$)*
Headings

300
300
75

300
75

300
75

45

35

Emplacement

360
70
40/

80/
20/

455
170/

305

475/

Total

690
400
145

410
125

785
275

380

540



TABLE 3

COST ESTIMATES OF GEOTECHNICAL INVESTIGATION PROGRAM* (1976 DOLLARS x 1000)

COST ESTIMATES OF
BEOHÎCBNICAL INVESTIGATION
PROGRAM*
(1976 DOLLARS x 1000)

A. DETAILED SITE INVESTI-
GATION

Hun l u n of Effort
labor Costs
Material * Costa
Subtotal Estimated Coats

S. ENGINEERING ASSESSMENT
& EVALUATION

Man ïcars of Effort
Labor Costa
Material Costs
Subtotal Estimated Costa

IOTAL MAN YEARS OF EFFORT

TOTAL EST. COSTS + 10*
COST COHTIGENCY

CUMULATIVE ESTIMATED COSTS

CONCEPTUAL
FACILITY
DESIGN

1977

2
120
12
132

2

145

145

L978

4
240
24
264

4

290

435

1979

12
720

1 740
2 460

6
360
36
396

18

3 140

3 575

DETAILED
FACILITY
DESIGN

1980

25
1 500
1 500
3 000

4
240
24
264

22

3 590

7 165

1981

15
900

1 060
1 960

1
60
6
66

16

2 230

9 395

1982

I
60
60
(0

1
60
6
66

2

205

9 600

PRELIMINARY
CONSTRUCTION
i MINING

1983

1
60
60
120

1
60
6
66

2

205

9 805

1984

1
60
60
120

1
60
6
66

2

205

10 010

1985

2
120
80
200

1
60
6
66

2

290

10 500

TEST FACILITY DECOMH.
OPERATION SEALING

MONITORING
PROD. EXCAV.
RW EMPLAC.

1986-
1990

1
60
60
120

1
60
6
66

2

205

10 505

1991-
1995

1
60
60
120

1
60
6
66

2

205

10 710

1995-
2000

1
60
60
120

1
60
6
66

2

205

10 915

2001- 2026-
2025 2100

6
360
50
410

2
120
30
150

8

615

11 530 11 530

TOTALS

66
3 960
4 790
8 750

26
1 560
174

1 734

92

11 530

11 530

I

Aasuaes that a auitable site has bun selected.



TABLE 4

COST ESTIMATES OF A HYDROGEOLOGICAL AND GEOCHEMICAL RESEARCH AND INVESTIGATIONS PROGRAM* (1976 DOLLARS x 1000)

COST ESTIMATES OF A
ROCK HECHAMICS PROGRAM
(1976 DOLLARS x 1000)

A. THERHAL/HECHAHICAL
ANALYSIS

Han Years of Effort
Labor Costs
Material Coat*
Subtotal Estimates Coat*

B. MATERIALS PROPERTIES
TESTING (LAB)

Han Y«ars of Effort
Labor Coati
Material Coat*
Subtotal Estimated Coats

C. SIMULATION STUDIES OF
EXISTING MINES

Kan Years of Effort
Labor Costs
Material Coses
Subtotal Estimated Costs

D. IH-SITU HEATEK/RAD
WASTE EXPERIMENTS

Han Years of Effort
Labor Costs
Material Coats
Subtotal Estluced Coses

E. INSTRUMENTATION

Han Years of Effort
Labor Costs
Material Coats
Subtotal Estimated Costs

IOTAL HAN YEARS OF EFFORT

TOTAL EST. COSTS + 10Z COST
CONIIGENCÏ

CUMULATIVE ESTIMATED COSTS

CONCEPTUAL
FACILITY
DESIGN

1977

3
180
SO

230

240
100
340

2
120
30
150

4
240
250
490

60
30
90

14

1 430

1 430

1978

3
180
50
230

V.Ù
100
340

2
120
30
150

4
240
50

290

60
30
90

14

1 210

2 640

1979

3
180
50
230

240
30
270

2
120
30
150

4
240
30
270

60
20
80

14

1 100

3 740

DETAILED
FACILITY
DESIGN

1980

2
120
30

150

3
180
20
200

1
60
10
70

60
20
80

7

550

4 290

1981

2
120
30
150

180
20
200

1
60
10
70

60
20
80

7

550

4 840

1982

2
120
30
150

180
20
200

1
60
10
70

1
6020
SO

7

550

S 390

PRELIMINARY
CONSTRUCTION

* HINING

1983

2
120
30
150

180
20
200

1
60
10
70

1
6020
80

7

550

5 940

1984 1985

1
60
20
80

180
20
200

1
60
80
140

1
6020
80

6

550 1

6 490 7

1
60
20
80

180
20
200

6
360
280
640

60
20
80

11

100

590

TEST FACILITY
OPERATION

1986-
1990

5
300
100
400

15
900
280

1 180

30
1 800

620
2 420

5
300
100
400

55

4 480

12 430

1991-
1995

S
300
100
400

15
900
100

1 000

20
1 200
200

1 400

5
300
100
400

45

3 520

15 950

mean.
SEALING

MONITORING
PROD. EXCAV.
I RH EHPLAC.
1995-
2000

5
300
100
400

12

720
280

1 000

5
300
100
400

300
100
400

27

2 420

18 370

2001-
2025

25
1 500

500
2 000

50
3 000
1 000
4 000

4
240
60
300

25
1 500
500

2 000

104

9 130
27 500

2026-
2100

12
720
280

1 000

25
1 500

500
2 000

1 500
500

2 000

62

5 500
33 000

TOTALS

71
4 260
1 390
5 650

1*47
8 820
2 510
11 330

6
360
90
450

82
4 920
1 710
6 630

74
4 440
1 500
5 940

380

33 000
33 000

I
M
VI



TABLE 5

COST ESTIMATES OF A ROCK MECHANICS PROGRAM (1976 DOLLARS x 1000)

:OSI ESTIMATES OF A HYDRO-
XOLOGICAL ADD GEOCHEMICAL
IESEASCH AMD INVESTIGATIONS
>MGIAK*(1976 DOLLARS x 1000)

1. DETAILED SITE INVESTI-
GATION

Man Yeara of Effott
Labor Coats
Matarlal Costs
Subtotal Estimated Coati

1. ANALYSIS AND MODELLING

Man Yeara of Effort
Labor Costa
Material Costa
Subtotal Estimated Coati

t. SAFETY ANALYSIS AND
MONITORING

Han Years of Effort
Labor Costa
Material Costs
Subtotal Estimated Coata

TOTAL HAN YEARS OF EFFORT
KITAL ESI. COSTS + 10Z COST
CONTINGENCY
CUMULATIVE ESTIMATED COSTS

CONCEPTUAL
FACILITY
DESIGN

1977

4
240
40
280

120
5

125

6

445
445

1978

12.5
750
250

1 000

4.5
270
40
310

180
5

185

20

1 645
2 090

1979

12.5
750
250

1 000

6.5
390
40
430

120
5

125

21

1 710
3 800

DETAILED
FACILITY
DESIGN

1980

6
360
80
440

6
360
40
400

60
5
65

13

995
4 795

1981

0.5
30
50
80

2
120
40
160

30
3
33

3

300
5 095

1982

0.5
30
6
36

2
120
40
160

30
3
33

3

250
5 345

PRELIMINARY
CONSTRUCTION
i MINING

1983

0.5
30
6
36

1
60
30
90

30
3
33

2

175
5 520

1984 1985

0.5
30
6
36

1
60
30
90

30
3
33

2

175
5 695 5

0.5
30
&
36

1
60
30
90

60
6
66

2

175
870

TEST F. tflLITY
OPERATION

1986-
1990

5
300
60
360

5
300
150
450

60
6
66

11

960
6 830

1991-
1995

5
300
30

330

5
300
150
450

60
6
66

11

930
7 760

DECOMM.
SEALING

MONITORING
PROD. £AULV •
& RW QIPLAC.
1995- 2001-
2000

5
300
30
330

5
300
150
450

60
6
66

11

930
8 690

2025

60
6
66

1

75
8 765

2026-
2100

60
6
66

1

75
8 840

TOTALS

48.5
2 910
774

3 684

43.0
2 580
780

3 360

15.5
930
65
995

107

8 840
8 840

Asa tt.-t a suitable site has been selected.



TABLE 6

COST ESTIMATES OF WASTE PACKAGING RESEARCH AND DESIGN PROGRAM (1976 DOLLARS x 1000)

COST ESTIMATES OF
WASTE PACKAGING RESEARCH
AND DESIGN PROGRAM
(1976 DOLLARS x 1000)

A. PACKAGING MATERIAL
EVALUATION

Man Years of Effort
Labor Costs
Material Coat»
Subtotal Estimates Costs

B. CONTAINER GEOMETRY DESIGN

Man Years of Effort
Labor Costs
Material Coats
Subtotal Estimated Costs

C. IN-SITU TESTING

Man Years of Effort
Labor Costs
Material Costs (SEE TABLE 4)
Subtotal Estimated Costs

D. TEST FACILITY EXPERIMENTS

Man Years of Effort
Labor Costs
Material Costs (SEE TABLE 4)
Subtotal Estimated Costs

TOTAL MAN YEARS OF EFFORT

TOTAL EST. COSTS S 10Î COST
CONTINGENCY

CUMULATIVE ESTIMATED COSTS

CONCEPTUAL
FACILITY
DESIGN

1977 19/8

0.5
30
3
33

0.75
45
5

50

I
60

60

2.25

157

157

0.5
30

33

0.75
45
5

50

1
•SO

60

2.25

157

514

1979

0.5
30

33

0.75
45
5

50

1
60

60

2.25

157

471

DETAILED
FACILITY
DESIGN

1980 1981

0.5
30

33

0.75
45
5

50

1.25

91

562

0.5
30

33

0.75
45
5

SO

1.25

91

653

1982

0.5
30

33

0.7S
45
5

50

1.25

91

7*4

PRELIMINARY
CONSTRUCTION

& MINING

1983 1984 1985

0.25
15
3
18

0.25
15
3

18

0.5

40

784

0.25
15
3
18

0.25
15
3

18

0.5

40

824

0.25
15
3
IS

0.25
IS
3
18

0.5

40

864

TEST FACILITY DECOMM.
OPERATION SEALING

MONITORING
PROD. EXCAV.
6 RW EMPLAC.

1986- 1991- 1995- 2001- 2026-
1900 1995 2000 2025 2100

1.25
75
10
85

1.25
75
10
85

2.5
150

150

5.0

352

1 216 1

1.25
75
10
85

1.25
75
10
85

2.5
150

150

5.0

352

568

1.25
75
10
85

1.25
75
10
85

2.5
150

150

5.0

352

1 920

TOTALS

7.5
450
57
606

9.0
540
66
606

3.0
180

180

7.5
450

450

27

1 920

1 920
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Note: All Dimensions in Metres
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FIGURE 1 : LAYOUT OF A TYPICAL ROOM



FIGURE 2: TYPICAL STORAGE PANEL CONTAINING 50 ROOMS
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FIGURE 3: LAYOUT OF A SINGLE-LEVEL REPOSITORY CONTAINING
FORTY-FOUR PANELS
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FIGURE 5: VENTILATION T I E - I N FROM THE STORAGE ROOMS TO THE
STORAGE AND MINING VENTILATION DRIFTS
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FIGURÉ 9 : GENERALIZED VENTILATION FLOW PATHS FOR BOTH
MINING AND RADIOACTIVE WASTE STORAGE
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FIGURE 11: GENERAL LAYOUT OF THE CENTRAL SHAFT FACILITIES AND
A TYPICAL STORAGE PANEL FOR THE CONCEPTUAL REPOSITORY
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FIGURE 1 4 : MINING AND WASTE-MANAGEMENT SEPARATION
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FIGURE 15: ISOMETRIC SKETCH OF A STORAGE ROOM WITH A SINGLE ROW OF
EMPLACEMENT HOLES FOR 2500 W CANISTERS.
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Level 1

Level 2

Level 3

FIGURE 16: SIMPLIFIED ISOMETRIC SKETCH OF STORAGE PANELS ON
MULTIPLE LEVELS GROUPED ABOUT A CENTRAL SHAFT PILLAR
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Shaded area depicts a
Multiple Level Repository

FIGURE 17: PLAN LAYOUT OF A SINGLE-LEVEL WITH A
MULTIPLE-LEVEL REPOSITORY
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FIGURE 18: CENTRAL SHAFT FACILITIES FOR A MULTIPLE-LEVEL
REPOSITORY
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FIGURE 19: ACCESS RAMP AND SERVICE RAISE BETWEEN TWO LEVELS
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FIGURE 2 0 : GENERALIZED VENTILATION FLOW PATHS WHERE THE
VENTILATED SHAFT CONNECTS TO ALL LEVELS
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FIGURE 2 4 : LAYOUT OF A SINGLE PANEL IN "LONG HOLE" CONCEPT
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FIGURE 25: POSSIBLE SINGLE-LEVEL REPOSITORY LAYOUT FOR 12
PANELS IN "LONG HOLE" CONCEPT
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FIGURE 2 7 : DETAILED PLAN VIEW OF THE TEST FACILITY
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FIGURE 28: TEST FACILITY TASKINGS, DURATIONS AND SEQUENCE
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FIGURE 30: ENVIRONMENTAL STUDIES AND SAFETY ANALYSIS PROGRAM
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FIGURE 33: ROCK MECHANICS RESEARCH PROGRAM
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FIGURE 34: WASTE PACKAGING RESEARCH AND DESIGN PROGRAM
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A. FACILITY LAYOUT
A-l. Surface
A-2. Shafts/Shaft Stations/Hoist Fac.
A-3. Under»

B. SITE IMPROVEMENTS. UTILirifia. aKnv&uca
B-l. Site Clearing, Grading, Landscap.
B-2. Roads, Parking, Railroads, Fenc.
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C-l. Excavation/Haulage System Anal
C-2. Excavation/Haulage Equipment

SURFACE HANDLING/DISPOSAL OF ROCK
D-l. Handling/Disposal System Anal.
D-2. Handling/Disposal Equipment

2. VEHTILATION/AIR FILTRATION SYSTEM
E-l. Ventilation/Filtration Analysis
E-2. Ventilation/Filtration Equipment

RADIOACTIVE WASTE EMPLACEMENT
F-l. Eapleceaent Concept Analysis
F-2. Eaplacenent Equipnent

G. RADIOACTIVE WASTE BETRIEVABILITT
G-l. Retrlevability Concept Analysis
G-2. Retrlevability Equipnent

H. RADIOACTIVE WASTE HANDLING SYSTEM
H-l. Surface Handling System Analysis
H-2. Shaft Handling System Analysis
H-3. Underground Handling Analysis
H-4. Had Waste Handling Equipant
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J-l. Mining/Rock Handling
J-2. Red Waste Handllng/Eaplaceawnt
J-3. Accident Analyais/Slaulatlon

K. HOHITOMMG
K-l. "Short-Tan" Monitoring Concept
K-2. "Long-Ten" Monitoring Concept
K-3. Inatruewntatlon/Equlpaent

SEALINC/DECOHHISSIONHIG
L-l. U/G Facility and Shaft Sealing
L-2. Surface Facilities
L-3. Perpetual Surveillance

FACILITT^Df/LATIO» ADD COST
OPTIMKATlai

H. RISK AMD UNCERTAINTY ANALYSIS

FIGURE 35: REPOSITORY DESIGN PROGRAM
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