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Harwell, Didcot
Oxfordshire, England

The management of radioactive waste in the UK is described. The role of
the waste producers is to prepare it for disposal and the role of UK
Nirex Ltd is to provide the necessary transport system and disposal
facilities.
The waste with low levels of activity will be put in trench type disposal
facilities and four sites have been identified as having suitable
potential, but only one will be required. The intermediate level wastes
will go deep underground and desk studies are being made of under sea bed
locations out at sea, close to the coast and under land locations. There
is a variety of rock formations in the UK and again at least three
locations will be finally identified for field investigations.
The need for a transport and container system with a fully developed
range of standard containers is noted. The importance of informing the
public at all stages is stressed.

TESTING PROGRAMME IN DEEP BOREHOLES DRILLED IN SEDIMENT COVERED
CRYSTALLINE ROCKS IN NORTHERN SWITZERLAND
M. Thury, A. Gautschi
NAGRA
Switzerland

In the course of a geologic programme characterising a potential
region for HLW disposal, six deep boreholes have been drilled and
tested, with depths ranging from 1,300 m to 2,500 m. For one
such borehole which penetrates 300 m of mesozoic sediments and
1,200 m of granitic rock, the comprehensive testing programme is
described. For some investigations, (eg, hydraulic testing,
borehole logging) parallel tests with differing methods were
performed in order to allow a specific comparison and
optimization of further site investigations. Some further tasks
(eg, core orientation, fluid logging) and novel experimental
approaches were employed. Extensive geophysical logging was
performed and attempts were made to correlate the results with
bore core observations. The most extensive efforts were
devoted to hydraulic testing and groundwater sampling (for
detailed hydrochemical and isotopic measurements). The programme
here included hydraulic tests during the drilling phase,
measurements in a following concentrated test phase and long-term
measurements using multi-packer strings still in place after 30
months. For the various programme points, problems in the
planning, performance and analysis of the experiments are
reviewed in the paper and corresponding results achieved are
presented and discussed.

To be Presented at the Second International Conference on
Radioactive Waste Management, September 7-11, 1986, Winnipeg, Manitoba
Carbon-Dioxide Isolation Efficiency
of Cementitious Grout
P. Moddle*, E.J. Reardon*. A.T. Jakubick**
•University of Waterloo, "Ontario Hydro

The use of
isolation
evaluation
began with

cementitious grout is being considered by Ontario Hydro for
of radiocarbon contained in reactor operating waste. The
of the geochemical efficiency of an experimental grout mix
a long-term carbonation experiment.

The experiment entailed monitoring the rate of carbon-dioxide uptake by
water-saturated grout over a period of one year.. The experiment was
realized by placing a 1.25 cm thick grout disk in an airtight manner in
a cylindrical sample cell and contacting it with pure CO2 on one side
and with nitrogen on the other side. The pressure was measured on both
sides of the disk from which the rate of CO, uptake as well as the rate
of nitrogen diffusion in the grout was determined. The diffusion
coefficient derived front, the nitrogen mass flux was assumed to be
representative of the diffusion of a non-reactive gas through the watersaturated grout mix. TJiis nitrogen diffusion coefficient was determined
to be 1.28 x 10~ cm /sec. The same diffusion coefficient can be
assumed to be valid for C0 2 diffusion under the conditions when uptake
reactions can be neglected. These conditions are realized after the
initial establishment of a carbonated surface layer.
The COn diffusion-and-uptake process was modelled using the analogy of
the metal tarnishing process where a front of fully-reacted material
progressively advances into the unreacted material. The reaction of C0 2
with the grout was assumed to occur instantaneously and the rate of
uptake to be diffusion controlled.
Using this model and the nitrogen
diffusion coefficient, the depth of penetration of the carbonation front
after one year can be predicted to be 1 mm. A comparison of the
measured uptake rate with the model results, however, showed that the
effective rate of uptake was a factor of three lower than predicted.
Measurements of pore characteristics on the grout material before and
after carbonation showed a decrease of bulk porosity and a considerable
shift of the pore size distribution toward smaller diameters associated
with carbonation. This substantiates a decrease of gas diffusivity due
to carbonation.
After completion of the experiment, thin sections were prepared from the
sample disk for microscopic examination. In general agreement with the
model, a narrow well-defined reaction zone of less than 1 mm thickness
was found on the sample side which was in contact with C0 2 . However,
pockets and discontinuous patches of unreacted grout existed within the
reaction zone. Carbonation appeared to follow microfractures and grain
boundaries.

In spite of small discrepancies between model predictions and
experimental results, the model describes the advancement of the
carbonation of the grout satisfactorily.
Making use of the model and
assuming pCO« values typical for soil, it can be predicted that the
depth of carbonation in a water-saturated grout would be in the order of
4 cm after 5000 years.
Additional research is. underway to examine the change of diffusional
flux as affected by the simultaneous change of pore characteristics due
to carbonation. The diffusion of carbonate and bicarbonate under
stagnant, solubility-controlled conditions will be considered in the
next phase of experiments and model calculations.
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DISPOSAL OF LOW AND INTERMEDIATE
LEVEL WASTE IN ROCK CAVERNS
AT SHALLOW TO INTERMEDIATE DEPTH
N.L. Mansson, M. Bechai, P.K.M. Rao
Ontario Hydro
Toronto, Ontario, Canada
INTRODUCTION
Mined rock caverns at shallow to intermediate depth can provide for safe
Isolation of LLW (low level wastes) and ILW (Intermediate level wastes)
at a competitive cost. Several studies of disposal options and geologies
have been performed within Ontario Hydro. Two such schemes are described
here, both generic, i.e., not tied to any specific site. A site with
relatively impervious rock, accessible at shallow to intermediate depth,
is required. Such sites are available in Southern Ontario's sedimentary
rock formations.
DESCRIPTION OF SCHEMES
Scheme 1 (Figure 1)
The underground disposal facility, sized to meet Ontario Hydro's needs to
the year 2000, consists of the following main elements: open-cut access
ramp, tunnel ramp, access tunnel and eight disposal caverns.
Each cavern is 210 m long with a near rectangular cross-section. The
width is 8.8 m and the height 7.6 m. This scheme is well suited for
excavation by drilling and blasting.
At the remote end of each cavern, a "cellar" is provided into which the
ILW containers are bottom unloaded from shielded flasks. The cellar was
introduced to provide enough headroom for handling all existing ILW
containers. The containers are placed in reinforced concrete cells in
these cellars. The cells are surrounded by compacted impervious
backfill, e.g., clay or till. All voids inside the cells are backfilled
with a bentonite-sand mix, which also provides cover over the
containers. Reinforced concrete slabs are placed over the filled cells
to shield the personnel in the cavern.
The LLW containers, generally 0.2 m^ steel drums, are stacked upright in
horizontal layers. Depending on the reach of the stacking equipment each
layer is completed to a certain length and then backfilled, i.e., voids
are filled and a slab is poured over the LLW containers, using a
hydraulic cement!tious material, e.g. K-crete or low strength concrete.
When one cavern has been completely filled, it is closed off from the
access tunnel by means of a closure plug, using the same material.
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When all the caverns have been filled and closed off from the access
tunnel, the latter and part of the tunnel ramp may be used for special
bulky waste or for LLW containers. The access tunnel, tunnel ramp and
open-cut ramp will then be backfilled. The backfill material should be
an impervious material, e.g., compacted clay or till or a bentonite mix.
The backfilled area should be graded to drain water away and topped off
with a 300 mm thick layer of top soil and the vegetation restored.
Scheme 2 (Figure 2)
The main difference between Schemes 1 and 2 is that the disposal caverns
of Scheme 2 are circular and of much smaller cross-section than for
Scheme 1. The underground disposal facility consists of double access
ramp and tunnel and 37 disposal caverns. The two accesses are similar to
the single one for Scheme 1.
Each disposal cavern is 396 m long. The cross-section is circular with a
diameter of 3.0 m. Excavation may be made by a TBK (tunnel boring
machine), run back and forth between the two access tunnels. The large
initial cost of the TBM is acceptable due to the substantial size of the
project.
A number of existing large cylindrical ILW containers are disposed of in
concrete cells in a 5m deep "cellar" below the floor of the remote end of
each of the access tunnels. The balance of the ILW, immobilized in
0.2 m^ steel drums, will be placed in concrete cells in the access tunnel.
The LLW, packed in 0.2 m^ steel drums, will be stacked lying down in
vertical rows, using special purpose stacking equipment. All voids will
be backfilled. After a cavern has been filled to capacity with LLW
containers, its ends are closed off by means of a closure plug.
CONCLUDING REMARKS
The two schemes have been assessed In terms of constructability, waste
handling, safety aspects and costs. They are both considered technically
feasible and could be engineered successfully in the geomedia available
In Ontario, although a detailed site characterization is a prerequisite.
All the necessary auxiliary services for waste reception, temporary
storage, waste compaction, packaging and process-conditioning, on-slte
waste handling, radiological monitoring, decontamination, office,
laboratory, warehouse for containers, protective equipment and other
equipment and supplies, and other miscellaneous services are accommodated
on the site.
The direct costs of the schemes. Including the auxiliary services, are
estimated to be $440/m3 for LLW and $1100-1500/m3 (1986$) for ILW.
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DESIGN AND PERFORMANCE ASSESSMENT OF AN
ABOVE GRADE DISPOSAL STRUCTURE
Robert R. Blickwedehl
Dames & Moore
West V a l l e y , New York
The West V a l l e y D e m o n s t r a t i o n P r o j e c t l o c a t e d i n w e s t e r n New York s t a t e , h a s
as i t s mission the solidification of 2.1 million l i t e r s of high-level waste.
In addition, i t is estimated that 13,000 cubic meters of low level radioactive
waste with an activity of approximately 60,000 Ci. will be generated by the
project. The isotopic inventory of the low-level waste includes several
hundred curies of long lived alpha emitting radionuclides.
One of the objectives of the project is the disposal of this low-level
waste. One of the alternatives under consideration is to use the project s i t e
for this undertaking. The project s i t e was used by the pre-project s i t e
operator, for disposal of solid radioactive waste generated during reprocessing.
An adjoining s i t e was also used for disposal of commercially generated
radioactive waste from 1962 to 1975. Both of these disposal operations were
accomplished with shallow land burial technology using simple 1.5 m thick
uneompacted earth covers.
The proposed disposal s i t e i s underlain by a thick sequence of s i l t y clay t i l l
deposits which partially f i l l a bedrock valley cut through Devonian Shales.
Figure 1 i l l u s t r a t e s a typical geologic section. The uppermost t i l l unit is
very compact and generally exhibits a hydraulic conductivity on the order of
1E-8 cm/sec during insitu and laboratory testing. However, the upper 3 m of
this t i l l unit is weathered as a result of dessication and oxidation. The
weathered t i l l is highly fractured, so i t s hydraulic conductivity is higher
than the unweathered t i l l beneath i t . Groundwater modeling and the analysis
of piezometer data both indicate that groundwater flow in the unweathered t i l l
is one dimensional downward at a rate of less than 2 cm/year. The flow of
groundwater through the weathered t i l l is dominated by fracture flow, so
lateral flow at higher velocities will occur.
In the disposal area, the unweathered t i l l is 30 m in thickness and is
underlain by a series of kame delta and lacustrine deposits which appear to be
laterally continuous between the former disposal s i t e and a nearby creek.
Prior studies of the former disposal sites addressed a pathway of downward
contaminant flow through the t i l l until i t reached this unit through which i t
flowed laterally to the creek where i t entered the biosphere. Observations of
the existing disposals indicate that thin pathway is of secondary importance. Trench f i l l i n g and overflow followed by overland flow and/or lateral
flow through the weathered t i l l have been observed at several locations.
These situations have been corrected, however they do indicate that without
manned intervention, this surface pathway might be more likely to transport
radionuclides to the biosphere than the deep pathway which was analyzed
previously.
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During the early phases of the low-level waste disposal facility design and
assessment, i t was thought that the trench overflow problem could be controlled by using a thick engineered cap, such as the design shown on Figure
2. This cap is constructed from compacted clay reinforced with geosynthetics. Internal drains are installed to intercept and divert water which
might enter the cap through dessication cracks formed during drought periods
or as a result of settlement of the waste mass. This design was analyzed
using a pathway model which predicts that the maximum individual dose is
received by a hypothetical resident who establishes a small farm next to the
disposal facility after the end of institutional control. The analysis also
assumed that despite the engineered features in the trench cap some cracking
would occur so that meteoric water could enter the waste mass. The failure
was assumed to occur gradually during a period between 100 and 400 years after
disposal. The results of this analysis indicated that if the engineered
features f a i l , the estimated dose received by the hypothetical on-site resident farmer would be higher than acceptable. The primary reason for this
unacceptable dose was that the disposal trenches f i l l up with water. The time
to exchange water in the trench is 200 years which allows steady state
leaching of the Am-2i»1 to occur. The contaminated water overflows the trench
(bathtubs) and the contaminants are sorbed onto the surface soils where they
are resuspended during agricultural work and are inhaled by the farmer.
In consideration of these findings, an alternate design was developed. The
objective of this design was to minimize the contact time between the waste
and infiltrating water. To do this i t was necessary to place the waste in a
burial media which will not permit water to build up in the waste mass. This
was not possible below grade because of the extremely low hydraulic conductivity of the clay t i l l . Therefore, i t was considered necessary to place the
facility above the present ground surface. The construction materials are
selected to permit rapid drainage of any water which might find i t s way into
the waste. The design which was developed to meet these needs is an earth
structure or tumulus which is illustrated in section on Figure 3.
The design of the tumulus includes a clay liner which surrounds the waste mass
and acts as a hydraulic barrier to preclude the entry of meteoric water into
the waste. Hydraulic modeling of the tumulus indicates that even if cracks
develop, the contact time between the water and the waste i s less than one
year, more than two orders of magnitude less than the trench. A combined
intruder barrier and drainage layer constructed from dolos units and gravel is
placed over the clay liner. Dolos units are used for breakwater construction
and are heavy, difficult to excavate and have no commercial value. The
intruder barrier/drain is covered by a layer of s o i l . Each of the layers
described above is separated from the adjoining layers by geosynthetic
filters.
The above grade structure was analyzed with the same pathway model used for
the trench. The same basic parameters were used. The results indicated that
the dose from the above grade disposal was 40 times less than the predicted
dose for the below grade disposal design and is within acceptable limits.
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I t was found that ancient Chinese tombs which have a similar design, i e . a
clay lined disposal cell buried beneath an earth mound, have survived intact
for more than 2000 years in a climate more humid than the West Valley
s i t e d ) . I t was also found that the durability of concrete was sufficient to
cast intruder barriers which will l a s t well in excess of 1000 years.
REFERENCE
1. Lee, Charles, 1985. A Case History on Long-Term Effectiveness of Clay
S e a l a n t . Atomic Energy of Canada Limited. TR-338.
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IN-GROUND CONTAINERS AT BNPD
P.J. Armstrong
Ontario Hydro
700 University Avenue
Toronto, Ontario
M5G 1X6
INTRODUCTION
Augered boreholes are being used for storage of radioactive wastes on
various North American sites. Ontario Hydro has developed Its own
designs and installed them at the Bruce Nuclear Power Development Waste
Operations Slte-2 (BNPD RVOS-2). This paper describes the development of
the design from earlier non-augered In-ground designs. The construction,
safety and costs of the as-built structures will be reviewed.
DESIGN DEVELOPMENT
The in-ground storage containers (IC's) are to be used for placing
filters, ion exchange columns and other medium level wastes from various
nuclear systems Into long term storage. Generally unshielded fields from
these wastes range from 15 r/hr to 1 metre to about 200 r/hr at 1 metre.
Earlier designs of storage facilities for these wastes had used concrete
or concrete and steel cylinders built on pads in an excavation. The
"tile holes" were then backfilled to a paved working surface at ground
level. The new design eliminates the need for the excavation and
backfilling and hence reduces construction time down from about six
months to one month.
The most successful features of the earlier tile hole designs were
retained in new IC design. The wastes will be bottom unloaded from road
casks directly into the IC's at ground level. Exposure and contamination
problems are almost eliminated by this method. Hastes can be stacked
successively to fill the container using a temporary shield plug between
loadings. Tile holes were about 16 feet deep and allowed stacking of two
filters. The IC will allow four filters to be stacked In each container.
The in-ground container Is constructed of two concentric, steel pipes
with a welded steel bottom and bolted steel lid. Each In-ground
container is 61 cm (24 Inches) In diameter3 and about 7.6 • (25 feet) deep
and has a nominal storage capacity of 2 m of radioactive wastes.. The
Interspace between the steel pipes can be periodically Monitored for
radiation dose rate and also used to detect the presence of any water.
The BNPD RtfOS-2 site is a till or boulder clay deposit up to 40 feet deep
to the limestone bedrock. The water table is high so that hydrostatic
uplift forces are a concern. The tile hole design minimized uplift
forces by the provision of a subsurface drainage system which lowers the
water table locally. The IC has no subsurface drainage system and Is
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designed to resist uplift by a combination of skin friction and self
weight. The omission of the subsurface drainage system besides lowering
costs also eliminates a potential radlonuclide leakage path to surface
waters.
Forces exerted on the outer pipe by the grout are not critical so wall
thickness was selected for primarily practical reasons. 3/8" thickness
of both pipes provides adequate corrosion resistance in the groundwater
conditions expected for the 50-year design life and Is robust enough to
withstand handling during construction.
A variety of materials were Investigated for both inner and outer pipes.
Plbreglass and plastic were more expensive than steel. Plastic's long
term durability under Irradiation was questionable, concrete pipes as
used in the previous tile hole designs have tended to admit groundwater
at joints necessitating the use of steel liners.
CONSTRUCTION
No exploratory drilling was done to investigate the site before
augering. Since the deposit is boulder clay, obstructions would be
expected. In practice the boulders found were small enough that augering
was not impeded. Twenty holes were completed In 17 days. One hole hit a
large boulder at about 17 feet. The bore was stopped at that level and
the pipes cut short rather than attempt to blast the obstruction.
The outer pipes were placed and grouted to the surrounding soil. Care
had to be taken during the grouting operation not to float the outer
pipes. The cavities were filled with water ballast and the rate of rise
of the grout controlled.
SAFETY
The defense in depth philosophy of earlier designs has been retained.
Groundwater can only contact the waste form upon simultaneous failure of:
1. the waste container
2. the Inner pipe
3. the outer pipe.
Surface water is prevented from entering the Interspace between outer and
inner pipes by:
1. the surface drainage system
2. the outer pipe extension
3. the cover gasket.
Monitoring the Interspace is made convenient by the capped sampling pipe.
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CONCLUSIONS
Augered borehole techniques lower construction cost and time compared to
cut and fill techniques. The leaktight high integrity design can be
Installed even in boulder clays and tills. Larger diameters and depths
are feasible to accept a wider variety of wastes.
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GEOLOGICAL INVESTIGATION FOR HIGH LEVEL
RADIOACTIVE WASTE ISOLATION IN JAPAN
K. Doi & M. Yamakawa
Power Reactor and Nuclear Fuel
Development Corporation
9-13, 1-Chome, Akasaka,
Minato-ku, Tokyo
(Summary)
1. Introduction
In this country, the high level radioactive waste is
planned to be isolated into deep geological formations
after the treatment of immobilization and the cooling
strage in the period for thirty or fifty years.
National program of reserch and development for geological
disposal of the high level radioactive waste had intiated
back in 1977. The schedule of national program is divided
into following four stages; The first stage is titled as
Selection of favourable geological formations based on
geological evaluation by fundamental interpretation of
geological publication and maps. It has finished in 1984.
The second stage is titled as Selection of Candidate site
in the period of ten years. It is now in the second stage.
The third stage is titled as Demonstration of the Technology
for disposal using the simulated waste in the period of five
years. Final fourth stage is the Disposal of real waste.
The hot testing will be planned at the beginning of the
stage for demonstration of technology using the solidified
high level radioactive waste.
Power Reactor and Nuclear Fuel Development Corporation
(PNC) has been authorized to research and contribute to
the development of geological disposal for the high level
radioactive waste. PNC has performed the research and
development for geological disposal along to the national
program since 1977.
2. Geological Investigation in the First Stage (1977-1984)
In the first stage of geological investigation for the
high level radioactive easte isolation, a potential for the
repository and a selection of favourable geological media
have been investigated from 1977 to 1984. And, a concept
of geological disposal has been also examined simultaneously
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in such period. A potentiality for the isolation in this
country has been evaluated by several geological units
selected from intrusive rocks and sedimentary rocks. It
has been reconfirmed that the hydrogeology was very
impotant factor to do site selection, and also understood
that it was not easy to make lithological ranking on the
suitabirity of geological media for the isolation,
because a fairy lithological difference of each geological
media has been recognized. Furthermore, as a result of
geological and geochemical evalution, it has been
recognized that a potential of favourable site for
geological disposal was recognized and it has been completed
in combination with capacity of engineered barrier. And it
has not dared to make a lithological ranking for rock types
on the process of site selection for geological disposal.
Moreover, it has been understood obviously that
chracterization of geological environment and hydrogeology
are very important factors to govern on the process of
geological evalution of each specific site.
3. Program of Future Investigation (after 1985)
The second stage of geological investigation has gegun to
select candite site for geological disposal of the high
level radioactive waste since 1985, and it has been planned
to countinue effectively another ten years so far. And,
geochemical and hygrogeological syudies have been also
positivery performed in the laboratory and field at the
present time. Simultaneously, it is fruitiful contribution
to the development of geological disposal that Underground
Laboratory is constructed to perform successfull
experimental research, and obtain many valuable data for
geological disposal. Therefore, the Undergraund Laboratory
will be constracted in near future. Also, it is planned to
participate in international joint research program such
as " In-situ " experimental study for geological disposal
of the high level radioactive waste.
In this country, the favourable geological formations
(media) are divided generally into crystalline rock and
sedimentary rock. Therefore, it is now to be planned that
two different type of geological formations (media)
above-mentioned are investigated and evaluted on the
high level radioactive waste.
After the selection of candidate site and the period of
technical opertion using the simulated is sufficently
performed, experimental geological disposal will be
planned by the solidified high level radioactive waste as
hot around after 2000.

- 18 THE DEVELOPMENT OF RADIOACTIVE WASTE DISPOSAL SITES
IN THE UNITED KINGDOM

H. Beale
United Kingdom Nirex Limited

The Nuclear Industry Radioactive Waste Executive was set up with the approval
of the UK Government by the component parts of the UK nuclear industry in 1982
to coordinate and manage the safe disposal of low-level and intermediate-level
radioactive wastes. The partners in this venture are the Central Electricity
Generating Board (CEGB), British Nuclear Fuels PLC (BNF PLc), South of
Scotland Electricity Board (SSEB), and the United Kingdom Atomic Energy
Authority (UKAEA). From the very beginning a need was seen to form NIREX into
a corporate body in order to give the organization the legal capacity to carry
out the job in hand in its own right, rather than having to turn to one of the
partners to act on its behalf. Accordingly, United Kingdom NIREX Limited was
incorporated as a public limited company under the Company's Act on 20
November 1985.
In establishing new disposal routes for radioactive wastes, there is an
obvious requirement to ensure that no one is exposed to significant levels of
radioactivity as a result either now or in the future.
NIREX plans to develop a deep repository for long-lived wastes and a less deep
trench repository for short-lived wastes. The task of developing either
comprises three major components — all of Which interact with each other:
1.

The purely technical aspects of packaging, transporting and disposing
of the wastes;

2.

Obtaining from the regulatory bodies the necessary authorization to
dispose of radioactive waste and licence to operate the repository;

3.

Obtaining a measure of public support for such an undertaking.

There seems little doubt amongst specialists in the nuclear industry that the
engineering capability exists to construct and operate repositories which will
be safe.
Research and Development carried out internationally adds confidence to this
view. NIREX's research and preliminary design work, based on the
multi-barrier concept of containment also confirms this position.
Nevertheless, much of this work is generic in nature and needs to be confirmed
in site-specific situations. To that end NIREX has sought to identify
potentially suitable repository sites. To help in this task a site selection
procedure was developed.

- 19 At this stage the development of a trench repository is receiving priority.
Given the necessary planning consent to carry out ground investigations, a
number of sites will be fully assessed. They will then be compared at a
public enquiry.
Given that the technical case is thoroughly and carefully prepared, then the
necessary approval from the regulatory bodies should follow. Programmes have
been developed showing the steps to repository operation. The purely
technical and regulatory components can be programmed with some confidence.
However, negotiating a public enquiry, a hallowed British device whose modern
format originates in procedures adopted over 150 years ago, adds considerable
uncertainty to the programme.
Finally, in order to gain a measure of public acceptability, UK NIREX Ltd. has
placed great emphasis on a programme of public information to help people
understand what is involved in developing a repository. Not only will it be
necessary to engineer a repository to high standards of safety, but also to
lay out the site with good landscaping and amenities and to make available to
the public information at every stage of development. Gaining a measure of
public acceptability will be most uncertain part of the programme.
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DISPOSAL CONCEPTS FOR
RADIOACTIVE WASTES IN CLAY OR TILL DEPOSITS
M. Bechai, N.L. Mansson, P.K.M. Rao
Ontario Hydro
Toronto, Ontario, Canada

Although concepts for disposal of low and intermediate level wastes range
from above ground facilities to shallow depth facilities in soil deposits
and to deep facilities in rock, subsurface disposal concepts at shallow
depths are perhaps the most common. This paper discusses potential
design alternatives for shallow subsurface concepts in typical glacial
till and in clay deposits. Schemes involving engineered trenches,
augered boreholes and tunnels were developed assuming currently used and
proven construction techniques. The advantages and disadvantages of each
scheme are discussed, relative to geotechnical considerations,
constructability, economics and anticipated performance.
The "engineered" trenches can be described essentially as underground
concrete structures (Figure 1 ) . in order to preserve as much as
possible, the integrity of the host geological material, the trench walls
are "diaphragm-type" walls constructed prior to trench excavation by
either the slurry-trench method or by installing a line of caissons
around the perimeter of the trench. The earth inside the trench walls is
then excavated to the designed depth. Following waste emplacement, all
voids within the trench are backfilled with a rluidized cement-based
material and a concrete slab cover is constructed over the trench. m e
trench walls are structurally designed to act as earth retaining walls
during construction and waste emplacement, and later to support the
structural slab cover, which in turn supports 3.0 m to 5.0 m of
multi-layered earth cover.
In a shallow subsurface disposal facility, a potential mode of failure is
by surface water seepage into, and radionuclide migration via surface
pathways to the facility. Sealing of all such pathways is anticipated to
be a major concern during design and construction of these facilities.
Therefore, minimizing these openings would be an advantage. The tunnel
concept achieves this purpose in that the soil cover above the waste is
undisturbed by construction. Geotechnical and hydrogeological assessment
of a tunnel scheme in typical clay or glacial till deposits indicates
that such a scheme is viable, the technology for its implementation is
available, and that under most conditions, is cost competitive [1,2].
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in this scheme, the tunnels are driven between two access trenches and
ramps (Figure 2 ) . The trenches/ramps could be replaced with shafts to
further minimize potential migration pathways. A tunnel diameter of
4.5 m appears to be most volume and cost efficient. However, smaller
diameters are possible. The waste is placed in the tunnels in vertical
rows. When a length of tunnel is filled, a bulkhead is erected and a
fluidized cement-based backfill injected to fill all voids in the
tunnels. During closure of the facilities, special measures are required
to properly seal the access trenches/ramps/shafts.
Especially for shielded waste packages for which the transporation
casks/shields are bottom-unloading type, augered boreholes would be most
appropriate in minimizing personnel exposure during disposal, currently
used for storage of wastes at the Bruce Nuclear Power Development, the
concept is easily adopted for disposal in similar deposits, in the case
of disposal, the voids are filled with a fluidized backfill, A concrete
cover and a multi-layered earth cover would then be constructed over the
augered borehole area.
Direct construction costs of £340-360 per cubic metre of waste are
expected for the trench and tunnel options described. Augered boreholes
are expected to be more expensive and would cost in the range of
$1100-1200/m3.
References
1.

Bechai, H., "Waste Disposal in Tunnels in Till or Clay - A
Preliminary Geotechnical Assessment", Ontario Hydro Report, 1985.
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Bechai, H., R.J. Heystee, "Radioactive Waste Management in Shallow
Tunnels in Glacial Till or Clayey soil: Geotechnical and
Hydrogeological considerations", T O be presented a«- the IAEA
Symposium on the Siting, Design and construction of underground
Repositories for Radioactive wastes, Hannover, Federal Republic of
Germany, March 3-7, 1986.
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DEVELOPMENT OF WASTE CONTAINMENT STRUCTURE
FOR NIAGARA FALLS STORAGE SITE
M. G. Jones, P.E. and R. B. Barber, Ph.D, P.E.
Bechtel National, Inc.
Oak Ridge, Tennessee
This paper describes the development of a containment structure for
interim storage of low-level radioactive waste and residue at the Niagara
Falls Storage Site (NFSS) near Lewiston, New York. The waste consists
primarily of contaminated soil and building rubble; the residue results
from the processing of uranium ores. Cleanup of the waste and
construction of an interim containment structure are being accomplished
under the U.S. Department of Energy (DOE) Formerly Utilized Sites
Remedial Action Program (FUSRAP) and Surplus Facilities Management
Program (SFMP). The NFSS is also being considered for development of a
long-term disposal facility. As Project Management Contractor for
FUSRAP/SFMP, Bechtel National, Inc. acts as the representative of the
Technical Services Division of DOE's Oak Ridge Operations Office in
planning and implementing remedial action activities for NFSS.
The containment structure encapsulates approximately 250,000 yd 3 of
contaminated materials and covers 10 acres. The residue constitutes
15,000 yd 3 of the waste materials: less than 6 percent of the total
volume, but almost 99 percent of the radium-226 known to be present at
the site. The concentration of radium-226 in the residue ranges from
3,300 to 220,000 pCi/g. The residue has been consolidated in existing
concrete structures within the limits of the waste containment
structure. The remaining waste (235,000 y d 3 ) consists of soil and
building rubble (with much lower radium concentrations) which resulted
from remedial action at the site and vicinity properties.
The site stratigraphy comprises 40 to 50 ft of unconsolidated, glacially
derived sediments overlying a thick sequence of sedimentary rock, six
major stratigraphic units are identified below ground surface. In
descending order, these units are: surficial soils and fill, brown clay,
gray clay, sand and gravel, red silt, and sedimentary rock of the
Queenston Formation. The gray clay unit which forms the bottom of the
waste disposal cell is a naturally occurring, highly impermeable, fairly
plastic unit. Its thickness ranges from 9 to 29 ft, and its top surface
ranges from 9 to 22 ft below the ground surface. The groundwater
hydrology consists of three water-bearing zones; the shallowest is
approximately 5 ft below the ground surface. Further information on the
geology and hydrogeology of the site is contained in Reference 1.
The waste containment structure employs a passive design concept; i.e.,
it uses naturally occurring materials, minimizes the need for maintenance
and surveillance, eliminates requirements for long-term institutional
controls, and assures protection of the public health and safety and the
environment. The facility is designed to limit radon emanation to
20 pCi/m 2 /sec. DOE criteria limit the allowable radiation dose to
individual members of the public to 500 mrem/year during the first 5
years after closure; an average maximum dose of 100 mrem/year per
lifetime is permitted. The facility is designed to have an effective
life of 200 to 1000 years for long-term disposal, and a 25-to-50-year
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design life for short-term storage. The facility design must also
provide for compaction of the waste to minimize subsidence and
settlement; prevent infiltration of precipitation and consequent
formation of leachate; provide a buffer zone between the containment
structure and the property line; and provide performance monitoring of
the containment structure both during and after closure.
The containment structure at NFSS provides for above-grade encapsulation
of the waste, using the gray clay unit to form a substructure base. The
sidewalls consist of an above-grade dike and a subsurface clay cutoff
wall keyed into the gray clay bottom. The waste materials were deposited
in lift fashion to provide for maximum compaction and prevent voids,
subsidence/ and ultimate formation of leachate. Voids around pieces of
piping, rubble and equipment were grouted with a mixture of sand and
Portland cement. The residues were slurry-mined, placed in an existing
concrete tank within the waste containment structure, and dewatered
(using a vertical wick drain system assisted with vacuum pumping) to
reduce their volume and prevent settling when contaminated soil was added
to the pile.
For the short-term configuration, the cap over the waste pile consists of
3 ft of clay covered by 18 in. of soil and topsoil. The topsoil surface
will be seeded with a shallow-rooted grass. This cap is suitable for
containment of the waste materials until a decision is made as to whether
(1) the waste containment structure will be upgraded to serve as a
possible long-term disposal site or (2) the waste will be moved to
another location. If the facility is upgraded to serve as a long-term
disposal site, the soil cover and topsoil will be removed to permit
placement of an additional 1 ft of clay over the existing 3 ft clay
layer; this would be followed by a transitional gravel/sand layer, a 3 ft
rip-rap layer (intrusion barrier), and another transitional gravel/sand
layer. The soil layer, topsoil layer, and shallow-rooted grass turf
would complete the multi-layered final cap. A plan of the waste
containment structure and typical sections for the short- and long-term
cap configurations are shown in Figure 1.
A two-phase numerical study was performed to evaluate the effectiveness
of the waste containment system. The study analyzes both the short- and
long-term potential for containment migration given the hydrogeologic
conditions of the site and the specific geometrical and physical
properties of the cap to be constructed over the waste materials. First,
a parametric study was performed to determine the minimum and maximum
values for the cap thickness, taking into account such uncertainties in
the input parameters as hydraulic conductivity, adsorption coefficient,
and boundary conditions. Second, a base case analysis was performed to
evaluate the selected cap design under representative geologic and
climatic conditions over a 1000-year design life. The analytical results
of this "worst case" study showed the maximum distance of contaminant
migration to be approximately 100 ft from the containment structure over
a 1000-year design life.
An intensive environmental monitoring program was established during the
construction of the waste containment structure, it includes air
monitoring for radon emanation; use of thermoluminescent detectors (TLDs)
to monitor cite personnel, stream and sediment monitoring for radioactive
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constituents.
The quality assurance program for earthwork activities included
independent testing of the construction materials to assure that soil
density and compaction requirements were met. As part of the quality
control program, a unique double-wall in-situ infiltrometer test was
performed under the supervision of a research team fran the University of
Texas to measure infiltration rates in the low permeability clay cap
material. The in-situ infiltration rates were converted into
permeability values for comparison with laboratory results obtained for
the clays used for construction of the cap. The infiltrometer tests
showed the same range of permeability values as did the laboratory
tests: 10"? cm/sec to 10~8 an/sec.
For a five year period after closure, engineers will perform semi-annual
inspections of the cap to monitor for signs of distress. These
inspections will be performed in conjunction with topographic surveys
conducted both on the ground and from the air. In addition, an indirect
subsurface monitoring system was installed to detect moisture
accumulation inside the containment structure, measure waste settlement,
and detect shrinkage of the clay cover. Thirteen vibrating wire pressure
transducers (VWPTs) were installed at the bottan of the waste pile to
provide for detection of rising potentiometric (saturated) surface within
the structure. A secondary system of three pneumatic pressure
transducers (PPTs) will also be provided as a means of checking the
operation of the VWPTs. The service life of the VWPTs and PPTs is
expected to be at least 25 years.
In conclusion, the development of the waste containment structure at NFSS
has demonstrated the technical and practical factors that must be
considered in designing a passive, above-grade encapsulation structure
for low-level radioactive waste materials. Special measures employed in
developing this design have included use of a numerical model to provide
information as to the durability of the components and materials used to
construct the containment facility, predict migration modes, and provide
for the most cost-effective structure possible. Field infiltration
testing was conducted to confirm the integrity of waste placement and to
ensure that the cap was constructed to the specified compaction densities
and permeabilities. Furthermore, the use of conventional earthwork
monitoring devices (VWPTs) provides for early detection of distressed
areas.
The waste containment structure at NFSS serves as a model for the
management of a remedial action program encompassing several acres of
land and the structures thereon, and placement of the waste materials in
a containment structure suitable for short-term storage and, with minrnal
modifications to the cap, suitable to serve as a long-term disposal
facility for these low-level radioactive waste materials. The option
ultimately chosen for permanent disposal is pending National
Environmental Policy Act (NEPA) and DOE determinations.
REFERENCE
Bechtel National, Inc.
Ridge, TN, June 1984.
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- 28 RADIOACTIVE WASTE MANAGEMENT AT THE NEVADA TEST SITE*

N.E. Rothermich
Reynolds Electrical and Engineering Co. Inc.
Las Vegas, Nevada

The Nevada Test Site (NTS) was established in 1951 as the U.S. continental
nuclear weapons testing grounds. NTS radioactive waste management activities
were begun to dispose of low-level wastes that were produced as a result of
weapons testing. Since 1974, the NTS has been receiving transuranic wastes
from off-site. In 1978, the Department of Energy (DOE) expanded NTS waste
management activities to include the disposal of defense low-level waste
produced at other DOE facilities. The DOE Nevada Operations Office has
established acceptance criteria for all waste stored or disposed at the NTS.
All waste arriving from off-site must also comply with Department of
Transportation (DOT) requirements. Detailed procedures have been developed
for NTS waste management site operations. These procedures include
radiological monitoring of personnel, waste packages, equipment and the
environment. Adherence to these acceptance criteria and procedures ensures
the safe handling, disposal, and storage of radioactive waste at the NTS.
Currently, the NTS provides management of three distinct types of defense
radioactive waste: (1) low-level waste disposed by shallow land burial,
(2) transuranic waste retrievably stored above ground, and (3)
high-specific-activity waste placed in greater confinement disposal.
Low-level waste from off-site locations is received in DOT-approved wooden and
metal boxes, metal drums, and fiberboard triwall containers. These
contact-handled (less than 200 mrem/h) containers are placed in pits and
trenches that are approximately 20 feet deep. The waste packages are stacked
and eventually covered with about eight feet of soil.
Transuranic waste is accepted at the NTS and placed in temporary retrievable
storage pending completion of the Waste Isolation Pilot Plant, a geologic
repository in New Mexico. This waste is currently being certified for
compliance with the repository's waste acceptance criteria. The certification
process includes nondestructive examination using assay and real-time
radiography techniques.
High-specific-activity waste, a special category of low-level waste, is
considered to be unsuitable for shallow land burial because the waste presents
a significant radiological hazard after the end of the institutional control
period (100-300 years). This waste is being placed in 120-foot-deep augered
shafts and covered with approximately 70 feet of soil. Studies are currently
underway to determine the degree of confinement provided by this disposal
method. Remotely operated waste handling equipment has been developed to
safely and efficiently dispose of this waste while keeping personnel exposures
as low as reasonably achievable.
*Work performed under Contract DE-AC-8-84NV10327.
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A CONCRETE CASK DESIGN FOR STORAGE. TRANSPORTATION AND DISPOSAL
J. Freire-Canosa, S.J. Naqvi, G.S. Kellay and G.A. Mentes
Ontario Hydro
Toronto, Ontario, Canada
A demonstration of the feasibility of using concrete casks to store,
transport and dispose irradiated CANDU fuel was undertaken at Ontario
Hydro. Fuel stored in waterpools at the station site would be loaded
into the casks for storage and/or disposal. At the disposal site, the
cask would be lowered to a repository for emplacement in a disposal
room. An irradiated fuel management strategy based on these concrete
casks would eliminate fuel transfers beyond the cask loading operation at
the station site and be flexible to accommodate any unforeseen changes in
the fuel management strategy. The use of concrete casks in an integrated
fuel management strategy was shown previously (1) to be economically
competitive with current reference strategies.
In developing a viable concrete cask, various design criteria were
identified (2). The most stringent requirement was viewed as the effect
on the cask structural Integrity following the IAEA regulatory 9 m drop
and fire tests for Type B packages. The cask was also to be durable
during the disposal phase with a lifetime of at least 500 years and
compatible with the disposal environment. Both transportation and
disposal requirements suggested the need to explore the development of

new cement pastes and concrete mixes13 of high compress!ve strengths

(>60 HPa), low permeabilities (<10~ m/s). high density
(3.6 Mg/nr), high fire resistance and pH in the range 9-11 when
contacting the repository groundwater. Optimum concrete mixes with
81 NPa strength and permeabilities lower than 10~ 1 5 m/s were developed
based on a silica fume cement paste. Both paste and concrete mix met or
exceeded specifications.
The overall design of the prototype cask is shown in Figure 1. The cask
is cylindrical with an inner cavity to hold two storage modules
(192 bundles). The cavity is lined with 0.025 m carbon-steel liner and a
concrete lid seals the entrance to the cavity. A steel cover is
seal-welded to the liner before empladng the concrete lid. The lid is
secured to the cask by bolting and grouting between the lid/cask
Interface (see Figure 1 ) . The reinforcement of the concrete shell was
detailed to withstand the thermal stresses arising from storing five year
old fuel and resist the 9 n drop impact forces while protecting the cask
liner from failure and/or deformation. The prime objective was to
maintain effective shielding and ensure cask leak-tightness during both
pre- and post-accident conditions.
Based on this prototype design, two half-scale model casks were built and
tested (3) for:
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(a)

structural integrity during the drop and fire tests for Type B
packages.

(b)

long-term durability under thermal stresses due to the storage
of fuel.

Tests under item (a) were performed at the AECL-Chalk River facilities
and under item (b) at Ontario Hydro Research Laboratories.
The structural integrity tests for the half-scale prototype Included a
9 m corner drop on the lid face of the cask followed by a I n drop onto a
steel pin and a 7.5 minute radiative fire. During the 9 m drop test, the
cask experienced a peak deacceleratlon of 118 g and did not bounce on
Impact. Spa1ling and reinforcement bar bending and rupture occurred at
the place of impact. A 19 mm crack developed on the corner opposite to
the impact and spalling of the concrete occurred, h couple of outer
reinforcement bars also failed. However, the crack only penetrated the
top portion of the lid/cask wall and was arrested at the stepped juncture
of the cask wall where the concrete lid is sealed. During the 1 m drop
test onto the pin, the cask did not suffer any further damage. The
structural assessment Indicated the overall Integrity was preserved and
demonstrated the high energy absorbing capacity of the concrete cask.
When the cask was fire tested, spallatlon of the concrete surface
occurred due to apparent hydrothermal effects caused primarily by
Insufficient concrete curing. The greatest local wall loss amounted to
19 percent of the cask wall thickness. The temperature of the cask inner
cavity only rose by 2 C as a result of the fire test. An assessment of
the remaining effective shielding properties of the cask following the
tests concluded that the structural damage sustained by the cask during
the tests would still provide adequate shielding
well within the
regulatory post-accident limit of 1 rem/h (104 pSv/h). Full
containment of an irradiated fuel pay load would have also been
Maintained as the steel liner and lid remained intact without signs of
plastic deformation.
The second half-scale cask prototype was used to test its performance
during storage of five year old Irradiated CANDU fuel (= 3.0 kW). The
temperature gradient through the cask wall was shown to remain steady for
various ambient temperatures in the range -20 to +30C. The temperature
drop through the cask wall was 17c. The resulting thermal stresses did
not lead to the formation of cracks on the cask wall.
The test results confirmed that the development of concrete casks to
store, transport and dispose Irradiated CANDU fuel is feasible. The
proposed prototype maintained its overall structural integrity and full
containment with effective radiation shielding of an irradiated fuel payload would have been retained. Improvements in performance can be
readily Implemented by redesigning the outer reinforcement about the
lid/cask Interface.
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VERTICAL MIGRATION OF IODINE, TECHNETIUM AND NEPTUNIUM IN PEAT
Marsha I. Sheppard and D.H. ThibauH
Environmental Research Branch
Whiteshell Nuclear Research Establishment
Atomic Energy of Canada Limited
Pinawa, Manitoba, CANADA, ROE 1L0
INTRODUCTION
Peat bogs, as well as moose mineral l i c k s , may be r e c i p i e n t s o f deep
groundwaters t h a t bathe the p l u t o n i c rocks of the Precambrian Shield (Frape
et a l . , 1984). Bogs r e s u l t i n g from accumulation and decomposition o f
organic m a t e r i a l i n a topographic low can have l i t t l e flowthrough c a p a c i t y
( I n g r a m , 1983). In t h i s type of bog, the solutes c a r r i e d by groundwater,
s u r f i c i a l overland flow and r a i n f a l l a l l c o n t r i b u t e t o t h e porewater
c o m p o s i t i o n . I f the c o n t r i b u t i n g water sources contain dissolved
r a d i o n u c l i d e s , they may, upon reaching a d i f f e r e n t chemical environment,
sorb onto the organic m a t t e r , p r e c i p i t a t e out o f s o l u t i o n , or form more or
l e s s mobile complexes or c o l l o i d s i n t h e bog. L i t t l e i s known about the
groundwater composition o f swamps and f e n s , p a r t i c u l a r l y how the
composition changes over the season as e v a p o t r a n s p i r a t i o n increases and
w a t e r - t a b l e l e v e l s subside (Keough and Pippen, 1984). Furthermore, l i t t l e
i s known about the r a t e o f v e r t i c a l water and d i s s o l v e d s o l u t e t r a n s p o r t
from the base o f a bog when l a t e r a l t r a n s p o r t i s m i n i m a l . The f i r s t
o b j e c t i v e of t h i s study was t o i n v e s t i g a t e water use, groundwater
composition and seasonal w a t e r - t a b l e l e v e l f l u c t u a t i o n s i n two types o f
bogs t y p i c a l o f the Precambrian S h i e l d . The second o b j e c t i v e was t o
i n v e s t i g a t e the r a t e o f v e r t i c a l water m i g r a t i o n and compare the t r a n s p o r t
o f I , Tc and No through two d i f f e r e n t peat t y p e s * This i n c l u d e d i n s i t u
determination o f s o r p t i o n c o e f f i c i e n t s (K r f ) f o r three peat t y p e s , i n c l u d i n g
the l i v i n g l a y e r s near the surface of a sphagnum bog.

METHODS
Two low moor d e p o s i t s , one a f l o a t i n g sphagnum bog several metres deep
( 5 0 ° l l ' N , 96 o 01'W), the other a reed/sedge fen w i t h a compact c l a y deposit
at 35 cm ( S O o l l ' N , 9 6 ° 0 3 ' N ) , were s t u d i e d . In the w i n t e r , frozen blocks o f
peat (0.01 n r ) were cut out o f the bog and put i n t o 20-L p l a s t i c p a i l s .
A f t e r spring thaw, cores were dug with a shovel i n the fen and also put
i n t o p a i l s , and they were a l l b u r i e d back i n t h e i r r e s p e c t i v e mires so t h a t
the core and mire surface were l e v e l . Perspex access tubes placed down the
c e n t r e o f t h e cores were used f o r t h e r a d i o n u c l i d e spike and f u r t h e r
groundwater a d d i t i o n s . Eight p a i r s of cores (0-40 cm and 40-80 cm) were
s t u d i e d i n t h e bog and e i g h t surface (0-40 cm) cores w e r e s t u d i e d i n the
fen.
Three cores o f each set were spiked with 0.2 mCi*mL~ t r i t i a t e d
w a t e r , t o t r a c k the water f l o w , and the remaining f i v e cores i n each set
were spiked each with a s o l u t i o n containing 2 uCi Tc-99, 10 wCi Tc-95m,
both as ammonium p e r t e c h n e t a t e , 50 uCi 1-125 as N a l , 4.02 g Na 1-127, 7.2 g
U-238 as uranyl n i t r a t e and 1.0 uCi Np-237 i n aqua r e g i a .
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Two weeks following spiking In the spring, surface porewater was extracted
and analysed, to track the surface appearance of all the nuclides and the
t r i t i a t e d water. Groundwater levels were monitored In the hole where the
cores were l i f t e d out, and this groundwater was routinely analysed for
composition and used to keep the water table in the pails similar to that
in the mire. At freeze-up in the f a l l , the pails were l i f t e d out of the
mire and sectioned. The soil and porewater were analysed separately to
calculate K. values.
RESULTS
Water Use and Water-Table Fluctuations
Water-table fluctuations were quite minor in the bog, but a dramatic drop
in the water table was observed in the fen (see Figure 1 ) . Water-use
peaks, signaled by large groundwater additions in early August, indicated
large evapotranspirational losses, which would promote the upward transport
of dissolved radionuclides from the bottom of the core.
Groundwater Composition
Calcium concentrations over the season indicated that theseideposits are
both minerotrophic, with the fen varying from 10.2 mg Ca L"1 in early June
to 70jmg Ca L~ in early September, and the bog varying from 8.9 to 42.7 mg
Ca L" . Comparison of the major groundwater elements between the mires
showed much less variation in the bog than the fen. The highest SO* levels
are reached in the fen with the rise in water-table levels in September and
a return to more anoxic conditions near the fen surface. Concentrations of
Na, Mg and Ca all rose in late August as the water-table level began to
drop and the free-water surface coincided with the clay layer.

Nuciide Migration
Tritium was detected at the surface of all the peat cores just 14 days
after the spike was introduced, and reached the maximum concentration 34,
48 and 78 days after spiking in the sedge, surface sphagnum and deep
sphagnum cores, respectively. Technetium was never detected in the surface
porewater of any of the cores. Neptunium was detected in two surface
sphagnum cores but just at the detection l e v e l , so is subject to question.
Iodine, however, was detected in the surface porewater of all cores 14 days
after spiking, similar to the t r i t i a t e d water. Although the travel time of
I was similar to that of water, maximum I concentrations occurred 13 to 30
days after those for H3»
DISCUSSION AND CONCLUSIONS
Seasonal groundwater composition and fluctuation with respect to the mire
surface show that more dramatic changes occur in reed/sedge fens than in
typical sphagnum bogs. Sedge fens are more strongly tied to regional
groundwater systems and, as a result, are more subject to contamination via
groundwater. Technetium entering a mire near its base from an underground
nuclear disposal vault will tend to be immobilized by reducing conditions
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at the base of the deposit and Np will be retarded significantly by the
organic matter. Iodine travels with the bog porewater, but the difference
in the lag time for the maximum concentrations of Ho and I indicates that
some retardation of I does occur. In the three peat systems, the surface
sphagnum cores were the least effective and the deep sphagnum cores the
most effective in I retardation. Redox potential may have strongly
influenced the mobility of I since the deep cores were the most anoxic.
Further results of the in situ K. data to confirm the retardation of I will
be presented.
REFERENCES
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3. J.R. Keough and R.W. Pippen, 1984. The movement of water from peat!and
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Figure 1: Groundwater amounts added to the cores (upper figures, using the
left hand scale) for the 0 to 40 cm bog core (•), the 40 to 80
cm bog core (•), and the fen cores ( A ) , depict water loss with
time through evaporation and transpiration. Groundwater table
fluctuations (right hand scale) with time are also shown for the
bog (•), and the fen (*).
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HYDROGEOLOGIC STUDIES FOR CRNL'S PROPOSED SHALLOW
LAND BURIAL SITE

R.W.D. Killey and J.S. Devgun
Atomic Energy of Canada Research Company
Chalk River Nuclear Laboratories
Chalk River, Ontario KOJ 1JO

The Chalk River Nuclear Laboratories (CRNL) are planning to convert low and
intermediate level waste management operations on site from storage to
disposal. A prototype Shallow Land Burial (SLB) facility has been proposed
for some low- and intermediate-level radioactive wastes.
Engineered barriers are intended to keep radionuclides in wastes in the SLB
immobilized for approximately 500 years. Nevertheless, assessment of the
impact of failures of the engineered system is necessary. Since groundwater transport is one of the most probable routes for contaminants to
reach the biosphere and man, site studies have focussed on hydrogeology and
aquifer geochemistry. Unconsolidated sands are being proposed as the host
medium for the SLB. Three reasons for this choice of host material are:
- A facility in sand can be constructed in the freely-draining
unsaturated zone, allowing design features that will minimize
contact between water and waste.
- Hydrogeologic conditions In relatively simple sequences of permeable
sediments can be measured and modelled successfully.
- There is an extensive base of information on site hydrogeology
and on the migration behaviour of certain radionuclides.
Current waste management operations are all located in unconsolidated sands
with 5 to 12 m unsaturated zones; to maximize applicability of existing
information, the prototype facility will be located between two existing
waste management sites (Figure 1).
During the past six years, 125 boreholes have been sampled and instrumented
with multiple piezometers as part of investigations of radionuclide
movement from Area C, a low-level solid waste burial area, and from the
Nitrate Plant (a facility used briefly in the early 1950's for
processing liquid wastes containing mixed fission products). Wind and
water-lain sands with minor silt strata make up almost all of the 15 to
25 m thick unconsolidated sediment sequence, which overlies a
topographically variable surface on Precambrian granitic gneisses. The
groundwater flow system in the unconfined sand aquifer is supplied by
infiltration and by recharge from Lake 233. Hydrogeologic data collected
in these studies include mapping of site hydrostratigraphy, measurements of
hydraulic conductivity by various techniques, determinations of porosity,
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and records of hydraulic head distributions In space and time. To date,
there have been three numerical simulations of groundwater flow In the
study area. Two of these used two-dimensional finite element models; the
third simulation was a 3-D application of the SWIFT finite difference
code. In all three simulations, good agreement between observed and
computed hydraulic head distributions was achieved, confirming the validity
of the conceptual model of the flow system.
Radionuclides in the aquifer of interest include 90 Sr, 1 3 7 Cs, % (as
tritiated water), and
Co. The first two were released from the Nitrate
Plant in 1953/54; the latter two are currently being released from Area C.
Detailed mapping and analyses of the Nitrate Plant plume have highlighted
the near-immobility of
Cs under disposal conditions and have allowed
reasonable definition of controls on the movement of 90 Sr. The lateral
boundaries of the Area C H plume agree well with flowlines plotted from
observed and computed head distributions. Radiocobalt is present in the
Area C plume in trace amounts; near-zero distribution ratios for
Co In
the plume may be the result of radiocobalt complexing with dissolved
organics.
An additional 20 boreholes have been cored, tested, and instrumented with
multilevel piezometers to provide supplementary data for assessing
contaminant movement from the SLB facility should the engineered
containment fail. Point dilution tests have provided a series of
measurements of groundwater flow velocity. Baseline major ion geochemistry
has been determined along the flowpath from the proposed prototype SLB
site. Field-column tests currently under way will be used to evaluate the
migration behaviour of strontium, cesium, and cobalt. These tests use
leachate from sample waste forms as the tracer source, with a view to
gaining an Initial evaluation of the effects of non-radioactive
contaminants released from the waste on the movement of radionuclides.
Use of unconsolidated sands as a host medium for radioactive waste disposal
may be seen as somewhat unconventional. On CRNL property, however, (and
the current program is restricted to the site), sands offer greatest
predictability in terms of hydrogeologic behaviour and substantial
advantages for design of the repository. Groundwater flow in the vicinity
of the proposed prototype SLB has been well defined in the course of
previous waste management area studies. Existing experience with
radionuclide migration in these sands is being augmented with field tests
specific to the wastes planned for the SLB facility.
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\ Proposed
SLB-P1

3!ri£2_-_r Discharge Area ^-i-n-c-:

Figure 1:

Location of the proposed shallow land burial facility and
adjacent waste management areas. Medium shading indicates
areal extent of existing groundwater contamination.
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GEOTOMOGRAPHY TO MAP WATER MOVEMENT IN
A NUCLEAR WASTE REPOSITORY*
William Daily and Abelardo Ramirez
Lawrence Livermore National Laboratory
Livermore, CA 91550
Electromagnetic measurements have been performed to evaluate the
applicability of alterant geotomography to delineate in-situ water flow
paths in a fractured welded tuff rock mass. The evaluation involved a
field experiment in which tomographs of electromagnetic attenuation rate
at 300 MHz were made before, during, and after a water-based dye tracer
flowed through the rock mass. An alterant tomograph was constructed by
subtracting, cell by cell, the attenuation rates derived from the
measurements before a water-based dye tracer was added to the rock from
attenuation rates derived from measurements after the tracer was flowing
in the rock mass. This alterant tomograph was then compared with the
available independent evidence for water movement in the rock: borescope
logs of fractures, neutron logs, and post-experiment core which located
the dye tracer on the fracture surfaces. The most useful data for
evaluating the performance of tomography to map water movement were the
tracer-dyed fracture surfaces located by post-experiment coring.
The figure shows the in altu changes in attenuation factor of the rock
mass caused by introduction of the water. This tomograph is the
difference in attenuation factor between an "after tracer" inversion
tomograph and its corresponding "before tracer" inversion. It is called
an alterant tomograph because it should show only the alterations caused
by the water tracer and reject other structure having constant electromagnetic properties.'- -* The images consist of an array of 7.5 cm square
cells, 40 rows long and 21 columns high. A grey scale is used to
represent the relative values of change with the darker grey tones
corresponding to the larger changes. Regions of rock serving as flow
paths should be represented by dark grey.
Initial coring into the tomographic plane was unsatisfactory because the
NQ core was highly broken, especially along the very fracture planes we
wanted to preserve, and differential rotation between core pieces
destroyed some of the fracture surfaces. Better core recovery was
achieved using a 15.2 cm diameter core barrel. With this barrel, core
was recovered along the tomographic plane at six different locations as
shown in the figure.

* Work performed under the auspices of the U.S. Department of Energy by
the Lawrence Livermore National Laboratory under contract number
W-7105-ENG-H8.
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At each location (22 In all) where dye was found on a fracture surface In
the tomograph!c plane, an anomaly in the tomograph matched its location
within the experimental uncertainty. Dye was found in several locations
along adjacent core holes in a pattern suggestive of continuous fracture
flow paths between the holes. There were several cases where an image
anomaly was clearly the result of tracer flow along a single isolated
fracture—this despite the fact that the wavelength used was much larger
than the encountered fracture apertures. (Note that for the 300 MHz
frequency used, the wavelength was 0.3 m where our fracture apertures
were typically less than 0.001 m.) Some image anomalies (dark squares in
figure) where they intersected core holes could not be matched with
tracer stain on the core. In three of these cases, the anomalies matched
pumice pieces in the core which were so dark in color that stain could
not be reliably identified there. In five other cases, the core recovery
was poor because of drilling proximity to a rubble zone in the rock mass.
Results of this analysis between geophysical tomography in welded tuff
and post-experiment coring into the same rock mass indicate that alterant
geotomography is capable of mapping water flow through fractures and may
be useful to infer which of these fractures are in fact hydrologically
connected in the image plane. The technique appears to be sensitive
enough to delineate flow through a single fracture and define fractures
with a apatial resolution of about 10 cm.
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HYDROGEOLOGIC SETTING OF THE CLUFF MINING TAILINGS MANAGEMENT AREA
W.A. M e n e l e y ^ and T.M.R. M e a d l e y ^
(1) W.A. Meneley Consultants Ltd.
(2) Amok Ltd., P.O. Box 9204, Saskatoon, Saskatchewan, CANADA S7K 3X5
The Cluff Mining tailings management area lies within the headwaters of
the Mill Creek basin which drains via Snake Lake, and Island Lake to
Sandy Lake on the Douglas River. The tailings management area lies
within the subcrop of the William River Subgroup of the Athabasca Group,
comprised of fine to medium grained sandstone and purple pelite. The
basin is structurally complex and there is no lithologic correlation
between boreholes. The area is mantled with a thin veneer of glacial and
glaciofluvial deposits. The contact between glacial deposits and the
fractured and in part comminuted upper surface of the William River
Subgroup is indistinct. Peat deposits up to 6m thick form the surficial
material in the base of the the tailings basin.
The hydrogeologic setting of the Cluff Mining tailings management area
has been studied since 1974.
Field investigations have included
conventional coring and field permeablity measurements as well as Westbay
hydraulic head and permeability profiling in cored testholes to a maximum
depth of 305m. Many monitor wells have been constructed to obtain
systematic measurements of the hydraulic head and groundwater chemistry.
The hydraulic head information indicates that the Mill Creek basin is a
simple gravitational system which receives runoff, interflow and lateral
groundwater inflow from the adjacent uplands and minor upward groundwater
discharge from the regional groundwater flow system. All of the water
from the basin discharges southward via Snake Lake to the Douglas River.
Hydraulic conductivity measurements indicate a generally decreasing
lydraulic conductivity with increasing depth.
The wide range of
conductivity values obtained in the bedrock supports the interpretation
that groundwater flow is mainly through fractures. In the overlying till
and glaciofluvial deposits groundwater flows through intergranular pore
spaces.
The hydrogeologic parameters selected for the initial modelling exercises
carried out by Geocon Inc. were based on the field data accumulated prior
to construction of the tailings dam and the startup of the tailings area
in 1980. The University of Saskatchewan research program utilized the
same values as a starting point for their modelling. However, the final
calibration of their seepage model was based primarily on water level
observations, seepage flux calculations, and sulphate and chloride
arrival times. All of this information was obtained from the systematic
monitoring program which has been carried out in the tailings management
area since 1977.
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This is one of the few uranium tailings basins for which comprehensive
measurements of the antecedent hydrogeo"logic and geochemical conditions
are available for some time prior to the startup of the tailings
management facility. The detailed records have permitted delineation and
characterization of the probable flow pathways from the tailings basin to
Snake Lake. This information has facilitated the development of the
predictive models by the University of Saskatchewan to estimate the
future performance of the Cluff Lake tailings area.
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INVESTIGATIONS ON RADIONUCLIDE RETARDATION AT ASSE SALT MINE
- R + D PROGRAM AND FIRST RESULTS
W. Bode; C. Wolfrum
Gesellschaft fiir Strahlen- und Umweltforschung mbH Miinchen
Institut fiir Tieflagerung
Theodor-Heuss-Strasse 4, D-3300 Braunschweig, FRG
During the site investigations at ASSE salt mine near Braunschweig
5 geological, 25 hydrogeological and a number of shallow boreholes
were drilled. They will be used for safety assessments for a repository in the ASSE salt mine. A survey of the geological and hydrogeological situation will be given.
The drilled cores (0 = 100 mm) obtained in wirelines coring
technique from depths between 30 m and 1.100 m serve as basic
sampling material. The relevant properties of the overburden strata will be investigated to quantify these sedimentary rocks as natural barriers against a radionuclide release. The measured results from "Drill Stem Tests" will be compared with measurements
in other rocks like Granite.
The sampling technique to reduce the oxidation of the samples will
be shown.
The sampling of the rocks and the stratabound waters for the experiments lasted only a very short time. The oxygen contact was very
short. The rock samples prepared for sorption investigations were
stored and transported in 02-impervious containers filled with
Argon. The sorption behaviour will be determined under aerobic and
unaerobic conditions. First results will be shown for consolidated sedimentary rocks like Marlstone, Siltstone, Limestone and
Anhydrite.
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SURFACE CHEMISTRY OF RADIONUCLIDE-MTNERAL INTERACTIONS
R.I. Haines, D.G. Oven and D.C. Doern
Research Chemistry Branch
Atomic Energy of Canada Limited
White6hell Nuclear Research Establishment
Pinava, Manitoba, Canada ROE 1L0
In the Canadian Nuclear Fuel Waste Management Program, disposal of
radioactive waste is envisaged within an engineered multi-barrier vault,
deep in a Plutonic formation within the Precambrian Shield
• The
geological formation is the final barrier in the scheme, and the
reactivity of this barrier depends on the nature of its reaction with
groundwater under the conditions prevailing in the region adjacent to
the vault (near-field hydrothermal conditions). Our studies fall into
two main categories: (I) hydrothermal alteration of mineral surfaces,
and (2) interaction of radionuclides with these surfaces.
Feldspar minerals have been the focus of our research, since they make
UT> the bulk Cca. 60?) of granites and gabbros, representative of the
igneous rocks of the Canadian Shield. In the hydrothermal alteration
studies, Fourier Transform Infrared (FTIR) spectroscopy has been used to
identify surface layers of alteration products formed. To test the
method of Identification of alteration layers on mineral surfaces,
feldsoars, microcline and labradorite were reacted at 200°C for 14 days
in aqueous chloride solution at pH»2. Micrometre-sized particles were
observed by Scanning Electron Microscopy (SEM) on both feldspars. These
were clearly identified as kaolinite by comparison with infrared spectra
of reference kaolinite. To simulate near-field conditions in the geosohere, hydrothermal reaction of the feldspars was studied in standard
Canadian Shield Saline Solution (SCSSS), at temperatures of 8O-2OOeC for
up to 150 days. Using Photoacoustic FTIR spectroscopy, which allows
measurement of infrared spectra of solid surfaces of irregular morphology without significant satnole preparation, the progressive build-up of
an alteration layer was observed on microcline in SCSSS at 200°C over a
six-week period. This layer was identified as a staectlte-type clay.
We have studied the Interaction of cesium with feldspar surfaces under
ambient and hydrothermal conditions. Although the amount of cesium in
fission products of used fuel is low (0.7%V , its Isotopes have
relatively long half-lives, emit penetrating radiation and are
relatively mobile In aqueous solutions, percolating through rocks and
soils. In the current study, the interaction of cesium Ions with
feldspars in a hydrothermal environment has been investigated using
Scanning Auger Mlcroprobe (SAM) analysis and FTIR spectroscopy.
Morphological changes were followed by SEM. The interactions of
microcline and labradorite with varying concentrations of cesium ions In
distilled water, Granite Groundwater (GGW) and SCSSS were investigated
at temperatures of 150 to 200°C for periods of up to 30 days. Changes
In cesium ion concentration as a function of time were monitored.
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In distilled water and GGW, large (10 to 20 ym) cubic crystals were
formed on the feldspar surfaces. SAM analysis showed these crystals to
have the approximate elemental composition Cs. «A1- .Si. ,0- _. The
FTIR spectra of these crystals, removed from CaJ laBfadoflti'and (b)
microcllne, compared well with that from natural polluclte
(CsAlSi-O, .xHJD). In SCSSS, similar crystals were formed, together with
large quantities of microcrystalline montmorillonite alteration product.
Kinetic studies of aqueous ion concentrations showed an Incubation
period prior to removal of cesium from solution by the feldspar. This
period parallelled steady increases in aqueous Si and Al Bpecies. The
concentrations of the latter species became constant at the onset of,
and during, the depletion of the cesium in solution.
The above observations may be explained by an initial dissolution of the
feldspar, releasing Si and Al species into solution. This is supported
by the appearance of etch pits on the mineral surface. The concentrations of these species increase until, in distilled water and GGW, the
solubility product of pollucite is exceeded, whereupon the cesium
mineral crystallizes. In SCSSS, there is a competing precipitation of
alteration product (smectite1).
Sorption of Cs onto feldspar surfaces at ambient temperatures was
observed by X-ray Photoelectron Spectroscopy (XPS) analysis of the
surface. This process occurs via ion exchange in distilled water.
sorbed Cs is readily removed by cations present in SCSSS.

The

Currently, we are investigating the sorption of Cs and Sr
onto
hydrothermally altered feldspars, which are more representative of the
mineral surface that would be present near a disposal vault. Surface
concentrations (by XPS) as well as sorption coefficients for these
radionuclides will be measured.
This work shows that geologic surfaces, which radionuclides could
contact near a disposal vault, will have sorption properties very
different from unaltered minerals. A knowledge of the nature and
reactivity of such hydrothermally altered surfaces is important in
understanding and predicting radlonudide migration in the near-field*
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ON GROUNDWATER TRAVEL TIMES IN GRANITE AND GNEISS
O. Brotzen
FBAB
Djursholm, Sweden

Studies regarding travel times for groundwater in granitic rocks and
gneisses often suffer from a lack of supporting in-situ experiments and
a preoccupation with simple channel shapes, such as the plane parallel
plate model and linear channels. Consideration of more complex shapes
(cf.1, p. 104) and in-situ experiments lays stress upon channel volume
rather than shape, and leads to an approximate porous-medium approach,
designed to be systematically prudent.
The volume of water delivered by a channel of volume v (m3) and a flow
rate q (m3/s) will equal the volume of the channel after a time t(s),
t*v/q. For steady laminar flow through a straight channel of circular
cross-section and volume v, the shortest possible travel time tj*t/2.
If rotational and transitional effects2) may be neglected, the same
expressions also apply to tortuous channels of circular cross-section
with random or systematic constrictions and bulges. They equally apply
to channels of rhombic cross-section with similar variations, and hence
also to many channels of intermediate shape. Such channels represent
fair approximations to common rock-fractures, where the length of the
cross-section often is 104 to 10 5 times longer than the maximum width.
A nuclide or non-particulate tracer added at the inlet end (tracer
source) of such a channel will therefore not arrive at the outlet (discharge) before time tj-t/2 after addition, disregarding transport by
diffusion.
Laterally infinite (open) channels are characterized by cross-sections
of constant width. The shortest travel time t1 in such channels, even
if they are tortuous and of variable width in the direction of flow, is
t/1.5. Such channels will show somewhat higher tracer concentrations at
equal transport times (in terms of multiples of tj) than those of closed cross-sections. The difference is small and insignificant in comparison with other natural variations. It may therefore be concluded that
the shape of a channel may vary from linear to flat, from regular to
irregular and from laterally closed to open, without causing major
changes in the breakthrough-curve normalized against tj, the time of
first arrival.
For practical application consider a single channel of volume v^ and
flow rate q^ running length-wise through a prism of bedrock with length
L and cross-sectional area A. A corresponding cross-sectional area of
the channel may be defined by ajl^v^. Now ti»Vi/qi«aj_L/qi. Further qj,*
AKdh/L, where K is the lengthwise hydraulic conductivity of the rock
prism, and dh is the difference in hydraulic head between its ends.
Thus ti«aiL2/AKdh. Introducing an apparent transport porosity
gives t £ « ^
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In the presence of more than one channel it may be difficult to determine definite values for tj or p^, as well as an overall travel time
and an apparent transport porosity for the rock-prism under consideration. A limiting lower transport porosity factor pf may nevertheless be
obtained from the corresponding equation ti=pfL2/Kdh, where t-j as before signifies the shortest travel time of a conservative tracer, as
observed in appropriate experiments. These expressions apply to linear
flow and may also represent limiting cases for two-well tracer tests.
For twodimensional, radial flow pf»Kdh 2t^/L^ ln(L/r), where r is the
radius of the injection hole.
Sets of pf-values have been calculated from Swedish in-situ tracer experiments 3 , 4 , 5 , 6 , 7 , 8 , 9 ) . In these tests tt can easily be ascertained4) . The pf-values form one cluster around 2x10~4 for Stripa granite
with directional hydraulic conductivities around 5x10""11 m/s, and
another cluster around 2x10~3 for Finnsjd granodiorite and Studsvik
gneiss, with hydraulic conductivities around 4x10~6 m/s. These data are
here normalized for one meter long test sections. When K has been
determined for longer test-sections (length M ) , the distribution of
flow within the section remains unknown. The shortest conceivable
travel time will then represent total flow confined within a single
subsection, one meter in length, with a hydraulic conductivity MK and a
corresponding value of p f . This in principle resembles early calculations of travel times applying the transport porosity and hydraulic
conductivities of fractured rock also to rock-volumes of much lower
conductivity (1,p.1O4, Fig. 3-7).
For each t<| a limiting breakthrough curve may be calculated. The limited variation of pf for a wide range of hydraulic conductivities suggests that travel times primarily will reflect differences in conductivity between individual flow paths from a repository to points of
groundwater discharge. Each flowpath may be composed of a sequence of
individual portions, all characterized by their individual lengths,
porosity factors and transmissivities. presumably the resulting macrodispersion between different flowpaths greatly outweights both the
dispersion within individual channels, and the effects of diffusion.
These considerations suggest that a structured porous medium model,
based on a first-arrival approach, can give prudent travel times for
groundwater in fractured rocks, such as granites and gneisses. It
requires a database of porosity factors determined in-situ, notably for
hydraulic conductivities between 10" 11 and 10"^ m/s. It may be added
that the conductivities and porosity factors preferably should be
determined under natural hydraulic gradients. The tracer tests at
Stripa9) were run under a gradient of 20. There are good reasons to
suspect that under natural conditions groundwater would not travel
through this class of channels at all.

Other conclusions are:
Breakthrough-curves should be based on the time of first arrival, corrected for lengthwise diffusion, rather than on the average residence
time.
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Observed transport-porosity factors in granites and gneisses indicate
ratios of channel volume to flow rate, which are significantly larger
than expected for linear and plane parallel-plate shaped channels.
Repository-sized volumes of granite and gneiss require a combination of
structured and stochastic approaches to groundwater modelling.
Numerous discussions with C-E. Klockars, E. Gustafsson and P. Andersson
of Swedish Geological Co are gratefully acknowledged. Funding has been
provided by SKB, Svensk Karnbranslehantering AB, Stockholm.
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COMPARISON OF SURFACE AND DOWNHOLE
ELECTROCHEMICAL MEASUREMENTS
IN CANADIAN SHIELD GROUNDWATERS

J.D. Ross and M. Gascoyne
Atomic Energy of Canada Ltd.
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada. ROE 1L0
Knowledge of the pH and redox conditions of deep groundwaters in plutonic
rocks is an important aspect of research into the disposal of nuclear fuel
waste in the Canadian Shield. A cooperative geochemical sampling and insitu pH and redox measurement program has been carried out at the site of
Canada's Underground Research Laboratory (URL), as part of the Canadian
Nuclear Fuel Waste Management Program exchange agreement with Sweden.
Swedish objectives were to test the operation of their pH and redox sensors in a variety of groundwaters and to calibrate the measurements in the
Atomic Energy of Canada Limited (AECL) Borehole instrumentation Test
Facility (BITF). The data gathered by the Swedish probe (Chemlog) were
used to complement other data collected as part of the AECL program at the
URL site, and to compare downhole with surface flow-through cell measurements. Both the Swedish and Canadian downhole hydrogeochemical probes
have been developed and field tested independantly in ntheir
respective
programs and the results reported in the literature
>2).
FIELD PROGRAM
Surface and downhole measureinents made in isolated intervals, up to 400 m
depth, were compared for four boreholes where total dissolved solids (TDS)
in the groundwater ranged from 400 to 11 000 mg/L. Each borehole interval
was flushed twice, to remove the stagnant water column in the casing and
draw in fresh formation water. A set of samples was taken at this time,
as well as during and at the end of each measurement session, for chemical
analysis. The Chemlog was lowered in the installation, to the sampling
interval and then a pump was lowered to a depth of 50-75 m and adjusted to
give flow rates between 500 and 1000 ml/nin. The discharge was directed
through a surface flow cell, which contained an Orion combination pH, an
Ingold platinum redox and a YSI-33 conductivity/temperature sensor.
Measurements were continued until stable readings were obtained or time or
equipment restraints were met. Each sensor was calibrated in a range of
pH and redox buffers before and after each set of measurements.
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RESULTS AND DISCUSSION
The following observations were made:
1.

The pH was consistently lower downhole by up to 0.37 pH units, and Eh
was found generally to decrease with depth, as has been found in
other areas l of3 the Canadian Shield and other granitic bodies around
the world < • >.

2.

Both pH and Eh stabilized far more rapidly downhole than in the surface flow cell.

3.

The Eh measured by the Cheralog probe was generally higher than that
measured in the surface flow cell. However, in separate trials using
the Canadian downhole probe, surface Eh was always found to be higher
than downhole Eh. The<2)latter situation has been conranonly observed
in previous research
.

4.

As TDS of the groundwater increased, the range of values between
different redox electrodes (platinum, gold, graphite) and similar
electrodes decreased. This suggests that, as the concentration of
electro-active species increased, so did the exchange current density
at the electrode. The solution, therefore, is better "poised".

5.

Ferrous iron was generally below detection limits and therefore could
not be used as an independent indicator of Eh. In the few samples
where it was present, it lead to a more reducing and better poised
water, as evidenced by closer agreement of Eh values between different electrode types. A more rapid attainment of stability downhole was also seen in these cases. Uranium concentration was measurable in all the waters described here, but it showed only a slight
correlation with Eh. Hydrogen sulphide was present in only one zone,
the most reducing. However, the low measured potential of this water
was likely due to poisoning of the electrode from the formation of
PtS.

variations between surface and downhole pH may be due to exsolution of
dissolved gases as the groundwater is brought to the surface and, for Eh,
due to the reaction of residual oxygen in the flow cell and in the "inert"
metal electrode of the sensors. The observation of lower Eh at the surface
than downhole using the Chemlog probe, however, cannot be explained at the
moment.
Of the various redox sensors that were used, platinum was found to be the
best electrode. Gold reaches a stable reading most quickly, but it is the
most susceptible to poisoning by hydrogen sulphide. Graphite appears to
have the slowest response as it has a relatively high porosity and, therefore, is affected by dissolved oxygen for a longer time.
CONCLUSIONS
Downhole measurements of pH and Eh were found to give more consistent and
reliable results than those in a surface flow cell, as well as taking less
time to attain stable readings. Increasing salinity does not affect the
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difference between surface and downhole results but does appear to reduce
the time required for equilibration. In situ measurement is recommended
as the more precise method. Measurements using more than one sensor are
advisable so that a better insight into the actual redox state of the
water can be gained.
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RADIONUCLIDE MIGRATION STUDIES IN THE LABORATORY
T.T.Vandergraaf, D.M.Grondin, P.Vilks, and D. J.Drew

Geochemistry & Applied Chemistry Branch
Vhiteshell Nuclear Research Establishment
Atomic Energy of Canada Limited
Pinava, Manitoba ROE 1L0
The objective of the Canadian Nuclear Fuel Vaste Management Program
is to assess the concept of a used fuel vaste disposal vault in plutonic
rock. The only credible vay by which radionuclides can migrate from the
vault towards the biosphere is by transport through open fractures by
flowing groundvater. The rock mass surrounding the vault plays a crucial
role in retarding the migration of dissolved radionuclides from the vault
towards the biosphere. The extent of radionuclide retardation is due to
both sorption and diffusion and is commonly calculated from diffusion and
from sorption or distribution coefficients. Sorption coefficients are
defined as the ratios of sorbed to solution concentrations for a given
radionuclide, and are obtained in static or dynamic sorption experiments.
Radionuclide migration experiments are carried out to verify
radionuclide transport models. These experiments fall into two categories:
laboratory and field. This paper discusses small- and medium-scale
laboratory migration experiments, supporting laboratory studies, and the
results obtained.
Small-scale experiments are defined as having a path length of less
than 10 cm. Both machined and natural fractures are being used. Because
radionuclide sorption and diffusion reactions are kinetically slow,
groundvater transport rates must be kept low, preferably to less than 1
•L/day, to ensure that groundvater residence times in the fracture are
sufficiently long to allow these reactions to take place. Results obtained
with 1 J 7 Cs in granitic and in saline groundwater in made-made fractures have
shown reasonable agreement vith calculations, using the sorption
coefficients
obtained under static conditions. Fracture flov studies using
341
Am, hovever, resulted in retardation values much lover than calculated
from corresponding sorption coefficients. This has tentatively been
attributed to the existence of at least tvo Am species in solution: a highly
sorbing ionic species, and a non-sorbing Am colloid.
In addition to radionuclide sorption, diffusion into the rock
matrix can also lead to the removal of radionuclides from the flov system,
and result in radionuclide retardation. Results obtained vith a suite of
radionuclides in granitic and saline groundwater have indicated that

- 56 -

radionudides that are poorly sorbed from solutions with high ionic strength
show enhanced diffusion into the rock matrix. Experiments have also been
carried out to determine the sorptive capacity of the rock matrix itself by
forcing radionuclide-containing solutions through 2.5 x 2.5 cm right
cylinders of unaltered granite
under a confining pressure of up to 16 MPa.
Under these conditions, 1 3 7 Cs shoved a sorptive behaviour that can be
decribed by Freundlich or Dubinin-Radushkevich isotherms,and one that is
consistent vith that observed on machined and fracture surfaces, and on
unconsolidated material. In addition, retardation of this radionuclide
agreed very veil vith that predicted using a one-dimensional flov model vith
a constant sorption coefficient. Sorption of Tc under oxidizing conditions
in similar experiment vas negligible.
To provide a stage between small laboratory migration studies and
actual field studies, contaminant migration studies have been designed to be
carried out on a scale of approximately 1 metre through natural fractures in
quarried granite blocks. Preliminary, point-to-point, tvo-dimensional flov
studies have been carried out vith three conservative tracers, uranine,
lignosulfonate, and l-j"2-diameter latex beads, at flow rates of 0.8, 2, and
8 mL/h. These studies have confirmed results obtained earlier on a smaller
scale - that considerable dispersion occurs at low flov rates, and that the
blocks aust be sealed to prevent loss of transport fluid by evaporation.
These experiments will be followed using radionuclide-containing solutions.
Concurrent vith these flow studies, static radionuclide sorption and
diffusion experiments will be carried out on identical fracture surfaces and
rock matrix, respectively, to provide the input data for the appropriate
radionuclide transport models.
In summary, radionuclide migration experiments and supporting
sorption and diffusion experiments have been carried out and are being
designed to validate contaminant transport models.
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CARBONATE SORPTION CAPACITY OF IRON HYDROXIDE AND SOIL MATERIAL

E. J. Reardon, R. D. Kellernan, R. H. Gillhan and H. Johnston

Department of Earth Sciences
University of Waterloo
Waterloo, Ontario
N2L 3G1
Although the importance of anion sorption by soil material is welldocumented •"' there appears to be no published information pertaining to
the uptake of carbonate ions in soil/water systems. It is the purpose
of this investigation to evaluate the possible importance of anion
sorption processes to the nobility of dissolved carbonate in subsurface
waters.
The major mineralogic components of natural soil material are quartz,
feldspars and clay minerals which exhibit pH z p c 's in the range 2.0 to
5.0. These minerals acquire substantial anion sorption capacity only
when in contact with waters with pH's lower than these values. Thus in
typical soil and groundwater environments, these minerals should not
exert a significant attenuating effect on dissolved carbonate in
solution. Iron oxyhydroxide minerals, however, which are ubiquitously
present as surface coatings on mineral grains in the near-surface
oxidized zone of soil profiles, typically have relatively high pH z p c '5,
in the range 7.0 to 8.5. In soil systems with abundant development of
iron oxyhydroxide coatings, then, there may be some attenuating
influence on the dissolved inorganic carbon content of the soil solution
by the soil material.
The carbonate sorption characteristics of synthetic iron hydroxide and
seven Southern Ontario soils were investigated in order to appraise the
ability of these materials to attenuate '^C-carbonate in subsurface flow
systems. In the absence of any competing anionic species in solution,
the synthetic iron hydroxide (* -FeOOH or goethite) exhibited a range in
carbonate sorption capacity from 0.2 to 1.4 g C/kg Fe over a pH range
from 5.4 to 7.8 and a total dissolved carbon content from 16 to 400
mg/L. These results are presented in Figure 1. The sorption capacity
is seen to increase with both an increase in the concentration of
dissolved inorganic carbon and with a decrease in pH. Additional runs
were conducted at lower pH by equilibrating goethite/water slurries with
various partial pressures of carbon dioxide (see Table 1). These results
show a continual increase in the carbonate sorption capacity towards
lower pH's with the highest value of 5.0 g C/kg Fe being recorded at a
pH near 4.0.
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Table 1: Results of carbonate sorption experiments for goethite
conducted at various pressures of carbon dioxide.
Reactions were
carried out in glass syringes to which specific amounts of goethite
slurry and CC>2(g) were added.

Vsol

mis
1.58
1.58
1.58
1.58
1.58
1.58
2.06
1.79
1.94
1.71

Fe-Ox

g
0.51
0.51
0.51
0.51
0.51
0.51
0.66
0.57
0.62
0.56

PC02
bars
0.01
0.13
0.17
0.70
0.82
0.87
0.99
0.99
0.98
0.99

pH
calc
1.90

4.35
4.07
3-99
3-95

3-94
3.91
3-91
3.91
3-91

c
gas
•moles

c
sol
mmoles

Csorb
mmoles

0.000
0.006
0.037
0.100
0.203
0.299
0.101
0.207
0.112
0.222

0.001
0.007
0.025
0.038
0.044
0.047
0.070
0.061
0.065
0.059

0.041
0.057
0.092
0.100
0.116
0.120
0.163
0.150
0.153
0.136

ijC/kg Ft
1.54
2.16

3.47
3-78
4.36
4.55
4.74
5.01
4.73
4.66

The results of the carbonate sorption experiments conducted at a carbon
dioxide pressure of 1 bar (see Table 1), are somewhat higher than the
single measurement of Russell et al. for carbonate uptake on goethite.
These authors report a sorption capacity of 2.2 g C/kg of goethite. Our
results at 1 bar PQQ2 range from 4.7 to 5.0 g C/kg Fe.
Seven sites in Southern Ontario were selected for soil profile sampling
in order to obtain samples of natural material to use in the carbonate
sorption experiments. Several 2 kg samples were taken at 10 cm depth
intervals below the humus layer at each site. It was desired to work
with acid soils (soils without carbonate minerals) and so all the sites
were selected to lie north of the Paleozoic/Grenvilie boundary.
The iron hydroxide contents were determined for all samples from each
site using a citrate/dlthionate leaching solution following procedures
outlined by Hesse*. Typical results for four of these sites are shown
in Figure 2.
The application of an isotopic spike technique to soil material
collected from the near-surface oxidized zone at four sites in Southern
Ontario failed to reveal any evidence of carbonate sorption capacity
over the pH range 5.5 to 8.0. However, measurable sorption capacities
were detected for these soil materials using a chemical technique under
conditions highly favourable for carbonate sorption, i. e. at high
partial pressures of carbon dioxide and at pH's less than 4.7. The
results of these measurements are recorded in Table 2. The measured
values ranged from 50 to 100 mg C/kg soil and correspond to partition
coefficients under the specified experimental conditions of 0.15 to 0.31
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Table 2: Carbonate sorption results for seven Ontario soils. The entry
'SC in the second last column refers to the neasured sorbed carbon
dioxide in mg C/kg of soil.

Locale

Fe
g/kg

Barrie
Mattawa
Warner
Sudbury
Madoc
Bancroft1
Bancroft2

4100
4900

3570
4500
5570
6360
4900

Init Fin
soil H20 C02
<X>2
•1 Ml
ml
g

7.5
9.4
8.4
9.5
8.4
5.0
8.9

0.4 10.2 9.0
0.5 10.0 8.6
0.4 10.0 8.3
0.5 10.0 8.6
0.5 10.0 8.2
0.3 10.0 9.3
0.5 10.0 9.1

PH

CO2
soln

C02

sorb

SC

•g

mg

mg/kg

«l/g

0.60
0.67

80
71

0.25
0.22
0.30
0.22

4.3 0.13
4.1 0.15
4.1 0.13

4.6
4.7
4.6
4.7

0.16
0.16
0.10
0.16

0.83
0.67
0.85
0.39
0.43

99

69
101

77
48

0.31
0.22
0.15

Given partition coefficients of such magnitude and water/solid ratios
typical of saturated porous media (0.25 ml/g), the sorbed carbonate
reservoir could constitute from 35 to 60? of the total carbon in the
soil/water system. However, under pH conditions more typical of
soil/water and groundwater flow systems (pH 5.5), carbonate sorption
capacities of soil material would be considerably less and it would seem
unlikely that the sorbed carbonate reservoir would ever exceed several
tens of percent of that carried in solution. Thus it can be concluded
that soil material as investigated in this study would provide only a
minor attenuating influence on ™C-carbonate during groundwater flow
through such material.
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TRAMSURANIC PACKAGE TRANSPORTER (TRUPACT)-LARGE VOLUME SHIPMENTS BEGIN IN 1988
Lawrence H. Harmon, U.S. Department of Energy
DP121, A243/Gtn; Washington, DC
Joseph M. McGough, U.S. Department of Energy
Since September 1983 the U.S. Department of Energy has been constructing a
unique underground laboratory, the Waste Isolation Pilot Plant (WIPP) in
southeastern New Mexico. Scheduled to go into operation in October 1988
WIPP will be the world's first large-scale underground facility for
demonstrating the safe disposal of long lived transuranic (TRU) wastes.
Through the utilization of a full-scale pilot plant the WIPP Is intended to
demonstrate the technical and operational methods for the safe, permanent,
deep-geological Isolation of defense generated wastes. In order for the
WIPP to operate as intended some method of transporting these transuranic
wastes from their present above ground or shallow-land burial sites and
from the waste generators needed to be developed. Existing systems were
judged to be inadequate for a variety of reasons ranging from age to safety
concerns. Further, the people of New Mexico were assured by DOE that a
new, fully tested system would be utilized in this transportation
campaign. The result Is an advanced packaging design known as TRUPACT.
In anticipation of the needs of the WIPP, development of the TRUPACT system
was initiated in 1978 with the intent of designing an entirely new
packaging for the express purpose of transporting transuranic wastes to the
WIPP. This process has spanned at least two major revisions of the
regulations and several modifications to the program goals and objectives
and has produced a safe, thoroughly tested Type B packaging meeting the
current DOT, NRC and 00E regulatory requirements. The Prototype design of
the TRUPACT weighs about 33,000 pounds (empty) and will carry about 17,000
pounds of wastes contaminated with small quantities of transuranic elements
(primarily piutonium). TRUPACT is a box about 8 ft. wide, 9 ft. high and
25 ft. long with walls about 11 inches thick. This outer box serves as
protection for an Inner box 6' 2" wide by 7' 2" high by 19* 2" long which
forms the Type B containment boundary.
Specially designed protections are included 1n the thick walls to isolate
the inner box from any possible damage Imposed by impact, puncture and
fire. The 11 Inch side walls (35 Inches on the ends) include specially
developed foams to provide cushioning under Impact conditions. Thus,
extensive damage can be Imposed upon the outer box and Its foam structure
while the Inner containment boundary remains unaffected. This same foam,
In conjunction with other insulations protects the contents and their
containment boundary from the damages of intense fire. Finally, the walls
and ends incorporate an extensively developed system to protect against
puncture utilizing stainless steel panels working in conjunction with
bonded Keviar panels to stop high energy projectiles before they can damage
the Inner containment structure. (See Figure 1).
Testing was used extensively In the development
evaluative and as an optimization technique. This
tests of the foams used: the puncture system, the
forces, the response of contents, the interactions of

process both as an
Included sub-systems
mitigation of Impact
contents and package,
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manufacturing techniques, and many other aspects. Four quarter scale
TRUPACTs were constructed for the sole purpose of testing. These were
subjected to over 100 mechanical tests to evaluate the structural design.
Finally a full scale prototype was constructed utilizing the results of
previous testing and analysis. This full scale system was subjected to a
full range of tests, exceeding those required by the existing regulations.
These included a one foot drop, two 30' drops, four 40" puncture tests
(with secondary impact), and a fire test.
As a result of the multiple drop and puncture tests the outer door of the
test unit was damaged mechanically to the point that the door itself caught
fire during the burn test which in turn eventually led to failure of the
inner containment seal (estimated to occur after the door had been burning
for 3 days). A number of design modifications were made to the outer door
(primarily the removal of combustibles and a change in thermal shielding)
and the inner door (incorporation of high temperature seals and a
modification in the seal geometry). The redesigned door was subsequently
tested and proved to provide excellent protection overcoming all the
difficulties experienced In the original design. The extensive use of
testing in the development of TRUPACT provides conclusive evidence that
this packaging more than meets the strict regulatory requirements and can
provide for safe transportation of TRU wastes to WIPP.
When WIPP is operational a fleet of approximately 21 TRUPACTs will be used
to move the wastes by highway and rail to the facility. This will support
the emplacement of up to 500,000 cubic feet of TRU wastes per year at a
receiving rate of 4 to 6 TRUPACTs per day, 5 days per week. The average 25
year rate of emplacement Is only 290,000 cubic feet per year which would
result in slightly more than 3 TRUPACTs a day being shipped (820/year).
Mounted on special trailers, coupled to available tractors TRUPACT will
provide a legal-weight, legal-size highway system for transport of these
wastes. Since these shipments will contain "Highway Route Controlled
Quantities" all of the DOT rules (under HM164) on routing and notification
will apply. For rail shipments two TRUPACTs will be mounted on a single
rail car which will be within all AAR size and weight restrictions.
Transportation of TRU wastes to the WIPP will involve removal of stored
wastes from 12 sites nationwide and will traverse a total of 30 of the
contiguous 48 states.
TRUPACT is a well designed, thoroughly tested, safe means of transporting
these TRU wastes to WIPP. It will provide a much higher level of
protection for the public against radiation accidents than Is afforded
against mechanical accidents in transporting this commodity or any other.
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DESIGN AND TESTING OF A CASK
FOR TRANSPORTING IRRADIATED CANDU FUEL
K.E. Nash
Ontario Hydro
Toronto, Ontario
INTRODUCTION
As part of its commitment to the Canada/Ontario Nuclear Fuel Haste
Management Program, Ontario Hydro is developing a cask for large scale
transportation of irradiated CANDU fuel. The cask will be licensed and
constructed by the end of 1987. It will be used to provide a tangible
demonstration that Irradiated CANDU fuel can be transported safely and
economically. The cask is specifically designed for road transportation
but could be used for rail or water modes.
REFERENCE DESIGN
Figure 1 shows a pictorial view of the reference cask design. In this
configuration the cask is designed to transport 192 fuel bundles
(approximately 4,000 kg U) of ten years cooling housed in two storage
modules. The construction of the cask is monolithic 304 L stainless
steel with wall thickness between 267 and 272 mm. Stainless steel
eliminates problems of brittle fructure and provides for good
decontamination. The total loaded weight of the cask is 35 tonnes.
The lid is closed by 32 Nitronlc 60 stainless steel bolts which have a
high resistance to galling with 304 L stainless steel. Sealing of the
lid, and drain and vent penetrations is by double elastomeric '0' rings.
The lid is protected by a redwood impact llmiter encased in stainless
steel. Two trunnions are bolted to the cask for lifting and to assist in
tledown.
The cask is designed to be loaded wet or dry and transported dry. Simple
drainage procedures will reduce the water content to the desired level.
Vacuum drying or inert gas purging is not necessary.
When transporting 192 fuel bundles, ten years cooling the principal
performance characteristics are:
External radiation dose (max):
Decay heat:
Fuel temperature (max):
Cask wall temperature (max):
Internal pressure (max):

8 mrem/hour at 1 metre
1.25 kW
109°C
59°C
184 kPa
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RECENTLY DISCHARGE FUEL
In addition to the reference payload, the cask also has the capability to
transport a full complement of six year cooled fuel and smaller numbers
of fuel bundles cooled for several weeks. In this latter application,
the fuel nodules are replaced by a solid aluminum fuel basket to assist
heat dissipation, and a 127/165 mm steel auxiliary shielding liner,
TRACTOR TRAILER
Figure 2 shows the cask mounted on a four axle flat bed trailer. The
cask ancillary equipment including lifting beam can be carried at the
rear of the tractor. The total payload and tractor/trailer weight is
59,000 kg. With the design axle spacing, provincial regulations allow
the cask to be transported without special permits. The tiedown
comprising turn buckles attached to the cask trunnions and four corner
brackets Is designed to resist accelerations of 4 G in all three
directions. The cask is protected from road dirt during transport by an
aluminum weather cover.
ANALYSIS AM) TESTING
As part of development and safety assessment the performance of the cask
has been conducted by an extensive analysis and testing program. This
program has Included:
Shock and vibration analysis and testing to verify fuel bundle
Integrity during transport.
Pull scale heat dissipation tests.
Development of a finite difference code for thermal analysis u<der
normal and fire accident conditions.
Two and three dimensional Impact analysis and thermal stress analysis.
Impact tests to characterize the behaviour of redwood.
Hot cell tests to assess fuel oxidation and activity release from
irradiated CANDU fuel.
Rig tests to assess the performance of elastomeric '0* ring seals in
the design configuration.
Operabllity assessments Including decontamination tests, vacuum
drying tests and lid bolt galling tests.
Drop testing of l/7th scale and 1/2 scale cask models to verify
impact performance.
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This program has demonstrated that the cask has a margin of safety beyond
that required by the IAEA/AECB regulations. The development program has
also recognized the major Importance of gaining public acceptance of
irradiated fuel transportation. This has included focus group sessions
at early design stage through to opening drop testing to members of the
public and media.
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Figure 1 - CANDU Irradiated Fuel Road Cask
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RAIL TRANSPORT OF COMMERCIAL SPENT FUEL IN THE UNITED STATES
John E. Van Boomissen
Burton F. Judson
General Electric Company
Waste Management Services Operation
175 Curtner Avenue, MC 620
San Jose, California 95125
General Electric is currently about midway in the fir6t major program in the
United States for vail transport of commercial spent fuel from nuclear power
plants to a licensed receiving and storage facility. The results to date have
successfully demonstrated the safety and efficiency of shipping spent fuel by
rail. The experience gained In the planning and implementation of the shipping campaigns can serve as a full-scale pilot for later transportation of all
the nation's inventory of spent fuel by the U.S. Department of, Energy to
federal repositories starting in the mid to late 1990*6.
The General Electric program started in 1984 and is aimed at shipping 1056 and
1058 spent fuel bundles from the Cooper and Monticello nuclear power stations
respectively to GE's interim storage facility located near Morris, Illinois.
The 2114 bundles represent approximately 400 tonnes of irradiated uranium and
resulted from generation of about 75 billion killowatt-hours of electricity in
the two reactors over a period of some 15 years. The Cooper station is owned
and operated by the Nebraska Public Power District and is located near Brownville, Nebraska. The Monticello station is owned and operated by Northern
States Power Company and Is located near Monticello, Minnesota. The Morris
facility is owned and operated by General Electric Company as an Independent
Spent Fuel Storage Installation licensed by the Nuclear Regulatory Commission
under 10CFR72. The rail distances between the Cooper and Morris and the
Monticello and Morris facilities are 650 and 475 miles respectively. Completion of the bulk of the shipping campaigns is expected In 1988.
The agreements to provide interim storage of the Cooper and Monticello spent
fuels at Morris arose from prior contractual arrangements made between NPPD
and GE and between NSP and GE in the late 1960's. Storage of the spent fuel
at Morris will permit the two power plants to operate with full-core discharge
reserves in the existing fuel pools at the reactor sites until after the year
2000. In the uid to late 1990's, the Cooper and Monticello fuel at Morris
will be transferred to the Department of Energy for transportation and disposal at a geologic repository under the provisions of the Nuclear Waste
Policy Act of 1982.
The shipments from the Cooper and Monticello plants are being made by rail
using a small fleet of irradiated fuel casks (termed IF-300 casks) owned by
General Electric and certified by the NRC under 10CRF71. The casks are
shipped from the reactors to Morris on dedicated trains provided by the
Burlington Northern Railroad under special contracts with the reactor owners.
Each special train shipment may Involve one, two or three IF-300 casks with
each cask containing 18 spent fuel bundles. The dedicated trains include
special rail cars that carry the casks along with empty buffer cars, an engine
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and a caboose. The shipments are escorted by special security forces to assure
physical protection of the spent fuel and are monitored by various agencies to
assure compliance with health and safety requirements, including provisions
for emergency response. After unloading the spent fuel bundles at Morris, the
casks are returned to the reactor sites individually by common carrier freight
trains.
Transportation of spent fuel Is an administratively complex operation that
requires close cooperation and teamwork among the shippers and receiver, the
rail or truck carrier, and federal, state and local regulatory agencies.
Effective communication among the various gToups throughout the shipping
campaign Is critical to assure the role and timing of each party is defined
and clearly understood. Communication with the public along the transportation route is vital to avoid misunderstandings and allay possible concerns
over safety, security and accident conditions.
Shipping spent fuel by rail has a number of advantages when compared to
highway shipments. Kail cars can accommodate larger and heavier casks that
offer many productivity gains through high payloads. The IF-300 rail caEk,
for example, can carry 18 BWR or 7 PWR spent fuel assemblies as compared to 2
or 1 assemblies respectively in a typical legal-weight truck cask. With high
payloads the number of shipments required for transporting a given inventory
of spent fuel is reduced and cask handling operations at the shipping and
receiving sites minimized. The cumulative potential for exposure to the low
levels of radiation outside a cask Is reduced for both the site and transportation workers and the public. Use of dedicated trains provides assurance
that the time In transit is minimized while multiple casks per train reduce
the total number of train shipments.
The rail shipments from the Cooper and Monticello stations to the Morris
facility have successfully demonstrated both the administrative and operational segments of spent fuel transportation* including shipper-receiver agreements, railroad arrangements, regulatory compliance, site preparations and
system operations. Effective precedents have been established in communications within the project team and with the public. Operating data have been
gathered on cask turnaround times, personnel exposure levels, rail transit
times and the advantages of multiple-cask shipments. The results have confirmed rail transport of spent fuel to be safe, productive, consistent with
regulatory requirements and acceptable to the public. The operating experience to date can serve as a unique database in programs to continue the
Improvement of spent fuel transportation system, such as development of higher
payload casks and Improved cask handling methods.
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SYSTEMS FOR TRANSPORTING USED CANDU FUEL
BY ROAD. RAIL AND HATER
A.P. Shetler
Ontario Hydro
Toronto. Ontario
INTRODUCTION
Ontario Hydro's CANDU nuclear power stations are situated on the shores
of the Great Lakes, Making them accessible by road, rail and water. For
the off-site shipment of used CANDU fuel from the stations to a disposal,
reprocessing or central storage facility located a significant distance
away, all three Modes Bust be considered.
The objective of this paper Is to present Ontario Hydro's "reference
transportation systems" for the shipment of used CANDU fuel as developed
for the Nuclear Fuel Waste Management Program (NFWMP) in Canada. These
are workable systems, developed by Ontario Hydro and concurred with by
external consultants for the purpose of node evaluation. The systems
have not yet been optimized.
The words "transportation system" are understood to Include casks,
vehicles or water vessels, tiedowns, on-site handling equipment, a
transhipment facility In the case of the water mode, and the logistical
considerations which lead to defining fleet size and labour requirements
for system operations.
The "reference transportation systems" are only three of an Infinite
number of workable systems for transporting used fuel. The equipment
described below and in detail in the full paper. Is selected from many
options, all of which are feasible. The choice of a certain piece of
equipment for use in a reference system was based on logic, past usage in
a similar system developed elsewhere or regulatory constraints such as
weight and size limits.
ROAD TRANSPORTATION
The reference road transportation system incorporates an engineered
tractor/trailer/cask system.
Ontario Hydro is designing, and will be acquiring, a road system for
transporting used nuclear fuel from its CANDU reactors. This road cask
system will demonstrate the technology and capability for transporting
used fuel bundles in large quantities. The (prototype) road cask will be
capable of transporting up to 192 ten-year cooled CANDU fuel bundles per
shipment. The reference road transportation system Is assumed to
Incorporate use of casks of similar design to Ontario Hydro's
demonstration road cask. A detailed description of the road cask Is
presented in Reference 1.
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The full paper will describe in more detail and present Illustrations of
the road cask, trailer, tractor, tiedowns and cask lifting beam.
Operational features of the road system such as cask handling, time of
system operation (i.e., season length, operating times), vehicle speed
and routing considerations will also be presented.
RAIL TRANSPORTATION SYSTEM
The reference rail transportation system for tranporting used nuclear
fuel in Ontario is similar to other rail systems for routinely
transporting heavy loads. The system uses trains dedicated to the
movement of casks only, from the stations directly to the disposal
facility (no long, planned stoppages). From the standpoint of safety,
regular trains. Involving cecomblnlng and long stopovers in switchyards,
are also acceptable. However, for simplicity in specifying logistics,
and operational efficiency In terms of equipment and manpower usage (in a
large-scale, continuous system involving long shipping distances and high
numbers of shipments, as in the NFWfP), dedicated trains appear more
attractive after a preliminary analysis.
The rail transportation system description is based on a reference
Ontario Hydro rail cask which could transport up to 576 ten-year cooled
CANDU fuel bundles.
The full paper will describe in more detail and present Illustrations of
the rail cask, rail car, dedicated train arrangement, and reference rail
cask tiedowns. Handling activities associated with the rail cask and
other operational features of the rail system such as average speed,
routing considerations, time of operation, crew requirements, regulations
on weight, speed and size will also be presented.
WATER TRANSPORTATION SYSTEM
The reference water transportation system is based around transport by
barge and tug rather than ship, although both are feasible options for
operation on the Great Lakes. The system Incorporates use of Ontario
Hydro's design of the reference road and rail casks although larger,
heavier packages could be transported routinely.
As for the road and rail systems, no special permits would be necessary
for barge movement of used fuel casks and the system would meet all
operational requirements of a regular barge shipping system. As for the
other nodes, the technology and equipment needed to perform water
shipment of used fuel by barge is available In the shipping Industry at
present.
The full paper will describe in more detail and present illustrations of
the reference water vessel (barge), tug. on-slte transporter (to move
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casks between station and dock), dock crane and remote transfer facility
(to tranship casks fro* barge to land mode vehicle for movement inland to
final destination). Operational features of the reference water system
will also be presented including regulations, normal speeds, safety
equipment, routing considerations, crew requirements and communications.
SYSTEM LOGISTICS AND FLEET REQUIREMENTS
Regardless of what mode is selected to transport used fuel, a
large-scale, continuous shipping system requires the calculation of such
parameters as the number of shipments to be made, the quantity of each
piece of equipment required in the system (i.e., fleet size), the number
of casks per barge or train, labour requirements, etc.
The full paper will present the logistical and fleet requirements for the
reference road, rail and water systems as developed for the Canadian
NPfMP. These requirements are not yet finalized but will comprise a
major section of the paper.
OPTIMIZATION
Based on the system logistical and fleet analysis performed, an
assessment of operating and capital costs, occupational hazards and
Impacts on the environment and public can be made. Using these
assessments, system optimization can be performed through sensitivity
analysis of system features such as cask payload capacity, train length
or barge size (I.e., number of casks per trip), etc.
Ontario Hydro will not reach the stage of optimization in its work for
the NFWMP. The main emphasis Is on Identifying alternative methods for
transport of used fuel for each mode and selecting a workable,
"reference" method for detailed description and logistical analysis to
show feasibility and demonstrate capability. Work In future would
involve sensirlvlty analysis and optimization through consideration of
other available concepts, to see if their use would improve economics or
reduce Impacts on the biosphere and geosphere. Once three optimized
systems (road, rail, water) are identified, mode selection could be
initiated.
The information presented in the paper shows significant progress in
Ontario Hydro's knowledge and understanding of transportation options,
technical details and methodology for defining a used fuel transportation
system. This information could be applied to any used fuel management
strategy involving the off-site shipment of used CANDU fuel.
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TRANSURANIC WASTE TRANSPORTATION TRACKING SYSTEM
Jeffrey J . Tappen
Westinghouse E l e c t r i c Corporation
Joint Integration Office
Department of Energy
P. 0. Box 3150, Albuquerque, NM 87190-3150

Transportation of transuranic wastes from the various Department of
Energy f a c i l i t i e s to WIPP w i l l u t i l i z e a f l e e t of more than twenty
transuranic package transporters (TRUPACTs).
I t Is anticipated that
approximately 100 shipments w i l l be made per month. As part of a program
to ensure the safe, secure, and e f f e c t i v e transport of these materials,
Westinghouse E l e c t r i c Corporation, under the direction of the Department
of Energy, i s Investigating various a l t e r n a t i v e means of tracking and
comunicating
with TRUPACTS.
I t is anticipated that the use of an e f f e c t i v e transport tracking and
communication system (TTS) w i l l
improve both the dispatching and
scheduling of TRUPACT, provide secure and r e l i a b l e communications and
improve overall safety.
In addition to these operational concerns, an
e f f e c t i v e TTS w i l l permit DOE to address such I n s t i t u t i o n a l issues such
as p r e n o t i f i c a t i o n and emergency response.
Under current
procedures,
routine
truck
shipments of
radioactive
materials are required to advise t h e i r dispatchers p e r i o d i c a l l y of the
location
and status of
the vehicle.
Routine communications
are
accomplished via
standard telephone l i n k s ,
cellular
networks,
or
citizen-band radio.
Communications and position data are f o r the most
part driver dependent.
Unfortunately, therp are times, as well as
regions,
throughout
the
continental
United
States
where
these
communications c a p a b i l i t i e s are lacking. In order to f i l l in these gaps,
the Department of Energy began looking a t a l t e r n a t i v e modes of tracking
and communicating with transport vehicles.
As a r e s u l t , the use of a
s a t e l l i t e based system was selected as the prime a l t e r n a t i v e .
In review of potential s a t e l l i t e - b a s e d systems two generic designs were
encountered.
The f i r s t of these is referred to as a 'geostar-type'
system and consists primarily of two s a t e l l i t e s i n geosynchronous o r b i t ,
individual transceivers in each vehicle, and a network control center.
Figure 1 provides a graphic explanation of how the system i s anticipated
to function.
I n t h i s design, one of the s a t e l l i t e s functions as a
two-way relay while the other serves as a one-way pass through.
Transmissions from the truck, communications and/or positioning signals,
are sent to the two s a t e l l i t e s simultaneously.
Signals received by the
one-way s a t e l l i t e are sent to the relay s a t e l l i t e for transmission to the
network control center.
Position information signals are processed a t
the network control center and are relayed, along with communications,
via land-lines or a commercial s a t e l l i t e to the Department of Energy.
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Communications from the Department of Energy to the transport vehicle
would occur via the network control center. These signals would use the
two-way relay satellite.
In the second conceptual design, the Global Positioning System (GPS)
would be used to determine vehicle location. The GPS consists of a total
of ?1 NAVSTAR satellites in non-geosynchronous orbit. These satellites
transmit continuous signals which will allow an on board processor to
determine longitude and latitude. This position/location data along with
routine and non-routine communications will be relayed to a DOE center
via a commercial s a t e l l i t e .
Figure 2 shows relationships of the
components of such a system.
Each shipment will be equipped with individual transceivers that will
allow the vehicle to communicate with the DOE center. Depending upon the
system selected, the equipment necessary for determining position/
location may or may not be included. All communications between the
transport vehicle and the DOE center will be digital and will be
encrypted.
Digital signals will be either pre-defined alpha-numeric
signals or digitized messages entered through a key board.
The system will be designed to permit automatic querying of the vehicle
position and status as well as allowing JIO and/or the vehicle operator
to I n i t i a t e communications.
I t is presently envisioned that the Joint Integration Office will
function as the TRUPACT system control center.
This center will be
equipped with a visual, multi-screen display system that will allow the
operator to monitor the location and status of all active shipments. The
system will allow operator to zoom in on any TRUPACT of interest and to
call
up that
TRUPACT's manifest
in order to determine cargo
characteristics. In the unlikely event of a non-routine event occurring,
the display package will automatically, through audible and visual
alarms, notify the operator of an alert condition.
All
communications between the transport vehicle and DOE will
automatically be logged onto a computer database.
These data will
include time of communication, vehicle identification number, position
(longitude and latitude), vehicle status/communication and any other
parameters of interest. These data will then be used to review TRUPACT
transportation history and form the basis of periodic reports on the
transport system. In the event of a non-routine event, these data will
be used to assist in the reconstruction of the event.
At the present time, the Department of Energy is evaluating system
concepts and designs. I t is anticipated that a design will be selected
and a demonstration program initiated during the last quarter of calender
year 1986.
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FIGURE 1
GEOSTAR-TYPi: DESIGN
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FIGURE 2
GLOBAL POSITIONING SYSTEM DESIGN
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RADIOACTIVE MATERIAL PACKAGING DATABASE (RAMPAC)
Kevin L. Driscoll
Westinghouse Electric Corporation
Joint Integration Office
Department of Energy
P.O. Box 3150, Albuquerque, NM 87190-3150
The Radioactive Materials Packaging (RAMPAC) database was developed to
support research and development activities for the U.S. Department of
Energy. The database is designed to store information on all containers
licensed to carry radioactive materials within the boundries of the United
States. Currently, RAMPAC contains information on over 600 of these
shipping containers including containers from Canada, France, Germany, Great
Britian and Japan which have U.S. Department of Transportation
endorsements. Information is gathered from the U.S. Department of Energy,
DOE, the U.S. Nuclear Regulatory Commission, NRC, and the U.S. Department of
Transportation, DOT.
The following is a partial list of the information potentially coilectec* and
stored for each container in RAMPAC:
-

Certificate number or identification of the package
Maximum total weight of package and payload
Maximum weight of the payload
Exterior measurements
Cavity or interior dimensions
Other names or identifications that the package may be known by
Which agencies (DOE, NRC, DOT) have authorized use of the package
Shielding material and thickness
Coolant composition and thermal rate
Authorized package contents--nuclides, curie limits, watt limits
and physical form of these contents
- Authorized organizations that may be using the package

Within the database each individual piece of information is called an
"item". These items are of two types—numeric and alphanumeric.
RAMPAC is designed to allow individuals without programming experience to
extract reports and packaging information from the database via menu driven
screens. The computer presents a screen listing all items within the
database and the user puts an "X" next to each item to be used in searching
the database. The computer then presents the userv with a data entry screen
for each of the items previously chosen. Each da .a entry screen allows 17
lines for the input of search variables.
If the item is alphanumeric, then the user enters alphanumeric strings one
on each of the possible input lines. That database item will be searched
for any of the strings input by the user. If a match is found then the
container record is selected for the report.
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If the item is numeric the user can enter specific values, a range of
values, or both. Again, the database is searched against the input
variables. If an item meets these user generated criteria the container
record is selected for the report.
Multiple selection criteria within an item creates an "or" condition,
I.e., item must meet condition 1 or condition 2 or etc. Multiple
selection criteria between items creates an "and" condition, i.e., item 1
must meet conditions for item 1 and item 2 must meet conditions for item
2 and item 3, etc. For a container record to be selected for a report it
must meet all the user generated search criteria for each item searched
against.
If no container records pass the search criteria, which generally implies
that the criteria entered was too stringent, then the user is allowed to
try again. If containers are found that pass the selection criteria then
the user is presented with a screen to choose a standard report or they
can format their own report.
As packages become obsolete and materials to be transported change, it is
essential for shippers of radioactive materials to be able to determine
if alternative containers exist prior to reinventing the wheel. RAMPAC
has been designed to minimize the research time required to determine the
existence of alternative shipping containers.
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SPENT FUEL STORAGE AND
TRANSPORTATION EXPERIENCE FOR THE
IDAHO NATIONAL ENGINEERING LABORATORY
Carl P. Gertz
and
D. H. Schoonen
II. S. Department of Energy
Idaho Operations Office
785 DOE Place
Idaho Falls, Idaho 83402
Spent nuclear fuel research and development (R&D) demonstrations and
associated transportation activities are being performed as a part of the
storage cask performance testing programs at the Idaho National Engineering
Laboratory (INEL). These spent fuel programs support the Nuclear Waste
Policy Act (NWPA) and Department of Energy objectives for cooperative
demonstrations with the utilities, testing at Federal sites, and
alternatives for viable transportation systems.
A cooperative demonstration program with the private sector to develop dry
storage technologies that NRC can generically approve is in place as well
as a dry storage research and development program at a Federal facility to
collect the necessary licensing data.
The above two objectives are encompassed by tasks being performed at the
INEL. Research and development programs at the INEL include the testing of
four different metal storage casks containing both consolidated and intact
spent fuel in inert gas atmospheres. The casks, weighing nearly 100 tons,
are fabricated using nodular cast iron or forged carbon steel and contain
basket assemblies which provide criticality control and spacing of fuel
assemblies in individual cells. Rod consolidation systems in a dry
environment are also being developed.
The Test Area North (TAN) facility located at the INEL was determined to be
the appropriate Federal facility in which to conduct these activities
because of the availability of experienced staff, hot and cold test
development areas, and the infrastructure required to receive and store
commercial spent fuel assemblies. The INEL site is located in southeastern
Idaho near the City of Idaho Falls. These dry storage cas'< demonstrations
support the DOE Office of Civilian Radioactive Waste Management (OCRWM) and
NWPA objectives and will establish a data base for at-reactor dry storage
cask installations. The latter could provide a significant expansion of
at-reactor (on-site) spent fuel storage.
The shipment of spent fuel for the INEL programs from the Surry Nuclear
Power Station in eastern Virginia required a comprehensive shipping plan
and close coordination between DOE, EG&G Idaho, and Virginia Power transportation personnel, as well as extensive communication with the involved
states, including the corridor states.
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Carl P. Gertz Summary
Extensive coordination and planning were required for the transportation
activities to assure compliance with applicable regulations, avoid shipping
delays, eliminate potential problems, minimize institutional concerns, and
assure that requests by all affected states were appropriately considered.
The shipping campaigns involved the transportation of 69 fuel assemblies
from the Surry Station to the INEL in 23 trips as well as 17 assemblies
from the Nevada EMAD facility to the INEL in six trips. For these
shipments, a unique courtesy communications system was developed and
implemented in order to keep the participating states fully informed.
The shipping campaigns were considered successful. Cognizance of the
details of each shipment was enhanced by an en route communications,
tracking, and reporting requirement for each shipping unit, as well as
preparation and readiness by the shipper and consignee such that fuel
transfers and transportation tasks were performed smoothly with minimum
facility delays. In addition, several states on their own volition,
instituted inspection and/or escort requirements. It should be noted that
these requirements were met without any significant delay or inconvenience.
Although contingency schedules were available, the planned schedules were
considered a commitment by all involved organizations. As a part of the
planning, periodic transportation status meetings were held which included
participants from DOE, EG&G Idaho, Transnuclear, Inc., TriState Motor
Transit Company, and Virginia Power. The meetings encompassed the review
of current status, and any potential problems, as well as discussion of all
applicable transportation issues and future plans for improvement of the
on-going shipping campaign, incorporating necessary changes.
In conclusion, the transportation of spent fuel from Virginia to Idaho was
accomplished without significant incident and enhanced the concept of
reliability where structured, well executed transportation plans and
communications are utilized. All shipments met applicable DOT and DOE
transportation requirements. The INEL spent fuel programs, including
transportation activities, are well underway with scheduled completion of
the major program aspects within the next two years.
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STRENGTH OF AND VOLUME CHANGES IN A SAND-BENTONITE BUFFER
J . Graham*, M.N. Gray + , B.C. Sun*, D.A. Dixon +
* University of Manitoba, Winnipeg, Manitoba
tAtomic Energy of Canada Limited, Pinawa, Manitoba
The Canadian concept for the disposal of nuclear fuel waste proposes a
compacted mixture of bentonite and sand as one of the engineered b a r r i e r s ,
to l i m i t the rate of radionuclide release to the biosphere. The
bentonite-based buffer material w i l l f i l l the annular spaces between
corrosion-resistant fuel waste containers and the walls of boreholes
d r i l l e d into the f l o o r of a vault excavated in plutonic rock 500 to 1000 m
below the ground surface [ l j . The buffer w i l l be required to function in a
complex environment that can be expected to vary s i g n i f i c a n t l y with time.
Prior to vault closure, elevations of the piezometric pressures in the rock
neighbouring the buffer can be expected to be low and temperatures at the
container surface could exceed 100 C After vault closure, pressures i n
the free water in the pores of the buffer could reach 10 MPa, the
piezometric pressure in the rock 1000 m below a water table located near
the ground surface. In both of these d i f f e r e n t conditions, the buffer
would be required to maintain very low hydraulic conductivity, support the
container without excessive deformation, and conduct heat e f f e c t i v e l y into
the host rock. To s a t i s f y these performance c r i t e r i a , the buffer must
r e s i s t f r a c t u r i n g from a variety of sources. These include hydraulic
f r a c t u r i n g induced by the r i s i n g groundwater pressures a f t e r vault closure
and excessive s t r a i n due to the weight of the container. To ensure
acceptable performance, i t is necessary to understand the
s t r e s s - s t r a i n - t i m e behaviour of the buffer and how i t varies with
temperature and groundwater chemistry. A program of laboratory tests has
been i n i t i a t e d to provide these data.
An i n i t i a l series of t r i a x i a l tests has been completed at room temperature
on a mixture of bentonite and sand. The materials were mixedoin a dry mass
r a t i o of 1:1 and i n i t i a l l y compacted to a density of 1.5 Mg/m . Under
these conditions the samples were almost completely water saturated. The
tests examined relationships between, (1) spherical (mean) pressure p,
volumetric s t r a i n v, and time t ; and (2) shear stress q , shear s t r a i n e,
and t at constant p. Measurement of pore-water pressures, u, inside the
samples allows e f f e c t i v e spherical stress (p'=p-u) and volumetric s t r a i n to
be r e l a t e d .
The results in isotropic compression (p and p1 versus v) and in shear (q
versus e) indicate that the s t r e s s - s t r a i n relationships are non-linear.
They depend on p, p1 and t . The normalized bulk elastic modulus of the
material (K/p 1 ) is 100 under a mean e f f e c t i v e spherical pressure p ' , where
K i s the elastic bulk modulus. The normalized shear modulus (G/p 1 ) is 10
at 50% mobilization of f u l l shear strength, (G is the shear modulus). The
strength envelope of the material depends on the stress path taken to y i e l d
and f a i l u r e (see Figure 1 ) . Specimens that were i s o t r o p i c a l l y compressed
to values of p' up to 1 MPa at the same time as having access to a free
water source, possess a compressive strength envelope of the form q^ = a +
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Mp', where a and M adopt values of 100 kPa and 0.49, respectively. For p'
greater than 1 MPa, and f o r a l l specimens that were allowed longer time
to expand p r i o r to i s o t r o p i c compression and shear (test durations up to 8
weeks were used), the compressive strength envelope reduces t o q f = Mp', i n
which M adopts a value of 0 . 6 1 . These low values of the f r i c t i o n a l
c o e f f i c i e n t M i n the ranye of pressures i n v e s t i g a t e d , i n d i c a t e that the
rheological properties of the mixture are largely controlled by the clay
portion of the buffer [ 2 j . For p1 up to 0.6 MPa, the specimens tested
tended to d i l a t e during shear (behave l i k e overcorsoli dated s o i l ) . Above 1
MPa they tended to compress (behave l i k e normally consolidated or l i g h t l y
overconsolidated s o i l ) .
The reference buffer material selected f o r the Canadian nuclear fuel waste
disposal concept is a 1:1 mixture (by dry mass) oi Na-bentonite and sand
compacted to a density of not less than 1.67 Mg/m [ 3 j . This density i s
higher than that used in the current test s e r i e s . Because of t h i s higher
density and the confining effects of the buffer emplacement geometry, the
t e s t data in t h i s paper suggest t h a t , the s t r e s s - s t r a i n behaviour of the
saturated buffer at normal temperatures can be modelled as a heavily
overconsoli dated s o i l . The v a l i d i t y of t h i s model at elevated temperatures
and high confining pressures w i l l be assessed through f u r t h e r t r i a x i a l
tests that are currently i n progress.
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Figure 1: Shear strength envelope from load-controlled incremental
shear tests and strain-controlled undrained tests.
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EROSION OF CLAY-BASED GROUTS IN
SIMULATED ROCK FRACTURES

H.T. C h a n
Civil Research Department
Ontario Hydro
800 Kip I Ing Avenue
Toronto, Canada M8Z 5S4

In t h e d e s i g n of an u n d e r g r o u n d n u c l e a r fuel w a s t e r e p o s i t o r y in rock,
a d e q u a t e I s o l a t i o n of the w a s t e s from the b i o s p h e r e m u s t be e n s u r e d . T o
m e e t t h i s r e q u i r m e n t , u n d e r g r o u n d o p e n i n g s m u s t be p r o p e r l y s e a l e d to
e n s u r e low h y d r a u l i c c o n d u c t i v i t y a n d e f f e c t i v e r e t a r d a t i o n of
r a d l o n u c I Ides. One area of I n v e s t i g a t i o n I n t h e s e a l f n g p r o g r a m is the
grouting of rock fractures along the waI I s of the shafts and drifts of the
underground repository.
T h i s p a p e r d e s c r i b e s a l a b o r a t o r y e r o s i o n s t u d y of c l a y - b a s e d g r o u t i n g
materials In simulated rock fractures. The clay-based grouts were prepared
by m i x i n g a b e n t o n i t e c l a y with water or by m i x i n g a b e n t o n i t e c l a y with
w a t e r and a s m a I I q u a n t i t y of c e m e n t . L a b o r a t o r y data col lected so far
indicated that c l a y - b a s e d g r o u t s are v e r y i m p e r v i o u s (eg h y d r a u l i c
conductivity
10
m/s) if the grouting materials remain intact within the
r o c k f r a c t u r e s . H o w e v e r , b e c a u s e of t h e I n t r i n s i c low s t r e n g t h of t h i s
p a r t i c u l a r t y p e of g r o u t , e r o s i o n of the m a t e r i a l e m p l a c e d within
rock
fractures could be a potential ly serious problem.
T h e e x p e r i m e n t s w e r e c o n d u c t e d with a p p a r a t u s s p e c i a l ly d e s i g n e d and
c o n s t r u c t e d to s t u d y the e r o s i o n of g r o u t In a s i m u l a t e d s i n g l e rock
f r a c t u r e or a s i m u l a t e d rock f r a c t u r e n e t w o r k . T h e s i n g l e f r a c t u r e was
formed by two plates; an upper plexiglass plate being 610 mm x 216 mm x 38
mm In d i m e n s i o n s , and a lower s t a i n l e s s steel p l a t e b e i n g 13 mm t h i c k .
This apparatus was used to Investigate the InjectabI I Ity, to measure the
h y d r a u I ic c o n d u c t Ivlty and to study the e r o s i v e b e h a v i o u r of g r o u t In a
simulated rock fracture.
In addition, a single fracture was a l s o formed
with t w o g r a n i t e s l a b s . A " l i g h t s e n s o r " t e c h n i q u e was used to map the
p o s i t i o n of the g r o u t in the f r a c t u r e . Sma I I h o l e s w e r e dr I I led In t h e
upper and lower granite stabs. An Infrared light emitter, Inserted In the
holes in the lower granite slab, was used to transmit light and the light
Intensity would be measured by means of a light sensor located in the upper
s I a b s . T h e I n t e n s i ty of t h e M ght m e a s u r e d w o u I d v a r y a c c o r d ! n g to t h e
amount of grout existing in the fracture between the sensor and the light
emitter.
A m u l t i p l e - f r a c t u r e n e t w o r k was simulated by putting small Interlocking
p l a s t i c b l o c k s t o g e t h e r to form a 50 mm x 50 mm x 50 mm c u b e .
The
thickness of the fracture between the smaI I plastic blocks was control led
by tiny brass shims glued on the plastic surface. The degree of erosion of
the grout In the fractures by percolating water was determined by comparing

- 86 -

the amount of seepage through the grouted cube before and after the grout
In the fracture network was subjected to erosion.
Laboratory results showed that the degree of erosion of a grout In a
fracture or a fracture network Is a function of the grout strength and the
hydraulic gradient of the percolating water. The addition of cement and/or
si H c a fume to the bentonite clay improved the injectabi Iity and minimized
the erosive potential of the clay-based grout. However, the addition of
cement to the cI ay i ncreased the hydrauIIc conduct i vIty of the "i ntact"
grout N e no visible channels In the material).
The practical implication of the laboratory erosion test results is
discussed with reference to the sealing of a repository for nuclear fuel
wastes In a geologic formation.
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BACKFILL FORMULATIONS FOR A NUCLEAR WASTE DISPOSAL VAULT
1
1
1
R.N. Yong , P. Boonsinsuk , G. Wong

2
and S.C.H. Cheung

Geotechnical Research Centra, HcGill University
817 Sherbrooke Street West
Montreal, Quebec, Canada H3A 2K6
2
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba
In the program of study conducted by Atomic Energy of Canada Limited
and Ontario Hydro for nuclear waste disposal in an underground vault,
a suitable backfill material has to be formulated to ensure low
hydraulic conductivity and high radionuclide absorption capacity in
order to prevent contamination of groundwater. The candidate backfill
material consists of a mixture of coarse aggregates and a naturally
occurring swelling clay. In this study, the coarse aggregates were
the crushed granite from Lac du Bonnat in Manitoba while the natural
clay was the Lake Agassiz clay from St. Boniface, Manitoba. Trial
mixtures were tested by varying the gradation, with respect to maximum
grain size and clay content, and evaluating the density-moisture
content relationship. It was found that the dry density of about 2.10
Mg/m could be obtained with a clay content range of 20-30%, using the
maximum grain size of 19-1 mm and the optimum moisture content of
about 7%.
Various trial mixtures were subjected to the constant head permeability
test, which led to the findings that the hydraulic conductivity of
the aggregate-clay mixtures could be close to those of the clay (by
itself) when the clay content was in the range1of 25% or more. The
resultant hydraulic conductivity was about 10~ m/s, which should be
considered as substantially low, the maximum grain size being 19-1 mm.
Selected mixtures were evaluated for free swell and swelling pressure,
both of which increased with increasing clay content. When the clay
content was 25%» the free swell was about h% compared with 6% for
the 100% clay and the swelling pressure was about 16 kPa compared with
48 kPa for the 100% clay.
Based on the aforementioned results, the candidate backfill material
was proposed to contain about 25% clay with the maximum grain size of
19.1 mm. The selected mixture was further tested to evaluate the effects
of mixing methods, load-carrying capacity and compaction techniques
suitable for the underground vault conditions. The proposed backfill
material appeared to perform satisfactorily according to the criteria
demanded.
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The backfill material proposed was further tested for its behaviour
during water intake by using a large specimen size (0.41 m in diameter and 1.102 m in height). The unsaturated hydraulic conductivity
was found to be approximately 10~
m/s and the swelling pressure
was about 3 kPa, confirming low permeability with swelling capability
as required. A similar test was performed to simulate hydraulic flow
through the backfill - buffer system. The results are evaluated in
terms of wetting front advance, soil suction and swelling pressure.
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EVALUATION OF BACKFILL MATERIALS FOR A SHALLOW-DEPTH REPOSITORY
L.P. Buckley, 6.M. Arbique, N.B. Tosello and B.L. Woods
Atomic Energy of Canada Research Company Limited
Waste Management Technology Division
Chalk River Nuclear Laboratories
Chalk River, Ontario, Canada KOJ D O

Disposal strategy for low- and intermediate-level radioactive waste
generated and received at the Chalk River Nuclear Laboratories has been
presented in a number of recent papers(l,2,3). The intent is to maximize
safety and minimize costs of disposal with preference given to intrusion
resistant shallow land burial. The facility will be located in a
stabilized sand dune above the water table. The waste will be placed in
a trench which has concrete walls and cap to prevent water infiltration
and biological intrusion. The base of the repository will be a permeable
but adsorbing floor above the water table. All the waste put in the
repository will be enclosed within an envelope of backfill material to
control the release of radionuclides and to stabilize the repository.
This paper outlines experimental studies conducted on backfill materials
and discusses what backfill should be chosen for the expected wastes to
be placed in the repository.
The quantity of backfill material required for the repository depends
in part upon the physical properties, the adsorbent capacity and the
dispersion rate of the material for radionuclides. The backfill
materials reviewed for their possible use included locally available
sand, and this sand mixed with different clays. The physical properties
of interest included the density, porosity and permeability
characteristics of the sand-clay mixtures.
Clay was available from a commercially worked deposit within 150 km of
the site. The clay is classified as iliite, a non-swelling sodium
aluminum silicate. Examination of sand and sand-clay mixtures showed
that for clay content of less than 5 wt%, the mixture was not cohesive.
The maximum dry density
was obtained at 25 wt% clay. The values ranged
from 1.7 to 1.9 Mg/m3 for 5 to 25 wt% clay, respectively. The mixtures
containing 5 to 10 wt% clay could be compacted to within 10% of the same
density for a spread in the water content of 10 to 15%. With these
compacted clay-sand mixtures, porosities of 0.32 to 0.35 were obtained
for 5 to 10% clay content. A low porosity was sought to reduce the water
content and radionuclide transport through the repository. The rate of
water movement through the repository, or the permeability of the backfill mixture, is affected by the clay content. There was a rapid drop in
the permeability as the clay content was increased.
Beyond 10 wt%, the
;
change in permeability became more gradual.
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At 10 wtX, the permeability of the mixture was 1.4 x 10" 6 m/s. A
comparison with granite-bentonite mixtures which are being considered
for high-level waste repository backfill, shows there is a difference of
greater than 2 orders of magnitude between the two backfills. The
illite clay-sand mixture is more permeable, to allow any inadvertent
water that enters the repository to drain freely and quickly. Depending
on the costs to purchase, deliver, and mix, the current range of clay
content considered for the shallow land repository is between 5 and 10
wt%. A mixture within this range will provide stability, have a low
porosity and will be permeable enough to allow free drainage of water.
The desirable clay content is also affected by the adsorption and
dispersion properties (4). The locally available sand has some capacity
to retain migrating radionuclides as long term studies have shown (5).
Batch tests were performed with sand and sand in combination with several
clays, including bentonite, kaolin and illite to determine the adsorption
of various radionuclides from water to the solid phase. The adsorption
coefficients for the illite clay-sand mixtures rose as the clay content
was increased. For Cs-137, the increase was about 550 times when the
clay content was raised to 10 wt% from 0 wt%. The corresponding increase
for Sr-85 was only a factor of 10. Changes in water chemistry to reflect
the presence of concrete and leaching chemicals from the waste in a
repository affected the adsorption of various radionuclides to the claysand mixtures. Adsorption coefficients rose when cement-equilibrated
water was used instead of distilled water.
Movement of radionuclides through the backfill once they have been
released from the waste is dependent not only on the adsorption
characteristics, but also on the rate at which the radionuclides are
dispersed through the backfill. The migration rates of radionuclides
are being measured by two techniques: a static process using compacted
clay-sand mixtures in diffusion cells; and a dynamic process where water
flows through a column of compacted clay and sand. The static diffusion
cells permit examination of the migration rate as a function of water
chemistry, clay content and degree of water saturation. The dynamic
columns allow determination of the radionuclide migration as a function
of clay content and water chemistry under fully saturated flowing
conditions. The diffusion cell experiments are representative of the
expected status in the repository, i.e., unsaturated, non-flowing
conditions. The column experiments are relevant to failure analysis of
the repository, for example, when water might pass through a breached
cover on its way to the water table.
From both experimental arrangements, the retardation and dispersion
properties of the clay-sand mixtures are becoming well defined.
Dispersion values of less than 10"? cm^/s have been obtained for
Sr-85. The movement of Sr-85 with time is shown in Figure 1. Movement
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of Co-60 and Cs-137 after one year is negligible in the diffusion cells.
Migration is decreased further when the clay-sand mixture is not fully
saturated. Retardation and dispersion characteristics of the clay-sand
mixtures under f u l l y saturated conditions have provided results similar
to the diffusion cells.
The added advantage of the column experiments is the ability to test
6-emitting radionuclides such as C-14 or Ni-63, or toxic chemicals such
as aresenic or lead.
The work presented in this paper is part of an overall program on
defining the engineered barriers for shallow land disposal of low- and
intermediate-level radioactive wastes. The experimental program has
been undertaken to determine the physical and chemical properties of
clay-sand mixtures. The information gained from tests is being used to
assist the long-term prediction of radionuclide migration (6). Based on
the work performed, a mixture of up to 10 »t% i l l i t e clay in local site
sand will provide additional stability to the repository and will
curtail radionuclide transport from the repository by limiting movement
to diffusion-controlled mechanisms.
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Figure 1. Diffusion of Sr-85 Through a Compacted 5 wt% Clay-Sand Mixture.
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PNEUMATIC EMPLACEMENT OF BASALT-BENTONITE PACKING
M. J. Leroch and J. M. Markowitz
Westinghhouse Electric Corporation
Waste Technology Services Division
P.O. Box 286
Madison, Pennsylvania 15663, USA
The pneumatic emplacement of a crushed basalt and bentonite
packing mixture (3:1 ratio) into a simulated long horizontal
borehole has been studied using a dilute phase delivery system.

Four test series were conducted in a cylindrical test section
containing three simulated, non-heated, canisters. This test
section was formed from an 8.5 meter long pipe, about 0.8 meters
in diameter. The simulated canisters were about 0.5 meters in
diameter and about two meters long; they were uniformly spaced
within the test section. The test section, of known volume, was
supported on a system of calibrated load cells to measure the
amount of material delivered. The test section was preceded by <
feed section, comprised of transport tubing and feed hoppers, an<
was followed by an exhaust section, with a pump to produce the
required vacuum to drive the pneumatic transport of the packing
materials. A filter system preceded the pump to protect it from
the abrasive effect of fines impingement. Appropriate
instrumentation monitored the deposition rate of the packing, fe<
rates, and pressures at key points. Sampling ports about the tei
section were provided to permit density and composition samples •
be taken at the conclusion of the tests. Windows in the test
section permitted visual observations.

The packing materials consisted of crushed basalt (.25 to 5 mm)
and Wyoming bentonite (.075 to 3 mm). The basalt and bentonite
feed materials were placed in individual feed hoppers. The feed
hoppers were also supported by a system of calibrated load cells
to permit a material balance to be performed at the end of each
experiment. Solid feed rates were established by using calibrat<
variable speed screw feed mechanisms at the bottom of each hoppe
so set as to deliver at both the required total solid volume rat<
and the correct basalt-to-bentonite ratio. The air delivery rati
was controlled by a by-pass arrangement upstream of the vacuum
pump in conjunction with a calibrated Pitot tube manometer; the
Pitot tube was located at the air entry port. Dilute phase
transport was insured by regulating both feed rates and air flow
so that the solid volume fraction in the transport system was
always less than about ten percent.
After filling the test section under given conditions, a run was
terminated and samples were withdrawn in special coring samplers
of known volume for local density and composition measurements.
Composition was measured by using the sol-forming character of
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bentonite to separate the components. Overall density was
calculated from the load cell data and the known volume of the
test section.
Results indicated that (1) in the final two successive tests, a
3:1 basalt-bentonite mixture was pneumatically emplaced at an
average packed density of 1.56 g/cc (58% theoretical) with
reasonable mineral homogeneity; (2) a coarser grade of bentonite
resulted in a lower overall density in the earlier tests.
Statistical analysis of the data from the last two tests (36
sampling ports for each test) showed that (1) in both tests, the
density of the upper layer of deposited packing was significantly
greater than in the bottom layer; (2) in the second of these
tests, the basalt/bentonite ratio was significantly greater in the
upper layer than in the bottom layer; and (3) there were no other
statistically significant differences in density or homogeneity,
top-to-bottom, side-to-side, or end-to-end.
Analysis of variance, based on a hierarchal (nested) design model
showed that the dominant source of variability within the overall
packed material assay, both for density and homogeneity, lay in
the sampling process, rather than in the process of material
analysis or in differences between gross deposition regions. This
result suggests that an irregular, "clumped", inhomogeneity exists
in the emplaced material, the clumps having a volume from a few
liters to a few tens of liters.
In addition to the specific findings above, ranges of practical
operating parameters were developed, and pertinent observations
were recorded.
Recommendations were formulated for further
development of the experimental methodology with the object of
increasing the packed density to a nominal target of 70%
theoretical.
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IONIC DIFFUSION IN COMPACTED BENTONITE-BASED MATERIALS
S.CH. Cheung, D.W. Oscarson and M.N. Gray
Fuel Waste Technology Branch
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0
I t i s suggested in the Canadian concept for nuclear fuel waste disposal
that a compacted bentonite-based buffer material should be used as one of
the barriers to minimize the rate of migration of radionuclides to the
biosphere [ 1 ] . The buffer (a mixture of bentonite and sand) w i l l
surround corrosion-resistant waste containers in a vault excavated in
plutonic rock to a depth of between 500 and 1000 m. Once the containers
are breached, the waste form w i l l begin to dissolve, releasing
radionuclides into the groundwater, which w i l l move through the b u f f e r ,
away from the container and towards the rock. The hydraulic conduct i v i t i e s of compacted bentonite-sand mixtures are less than 10
m/s
and, hence, d i f f u s i o n i s l i k e l y t o be the principal mechanism of
radionuclide transport. Knowledge of the effective d i f f u s i o n c o e f f i cients ( D J f o r various radionuclides is required f o r assessing the
long-term effectiveness of t h i s method of disposal.
Laboratory tests are being conducted, in a specially designed apparatus,
containing candidate bentonite-based buffer materials to determine D f o r
radionuclides such as Cs, I , Tc, Pu, Np and U. The results are being
compared with values of Dg predicted using the following equation:
De - D Q . T /(1 + P -K d /n)
where D i s the diffusion coefficient in bulk s o l u t i o n , T
f a c t o r , p is the dry density of the buffer material, n i s
and Kd is a d i s t r i b u t i o n coefficient defined as the r a t i o
of a solute sorted on the buffer material to the quantity
in solution at equilibrium.

(1)
is a tortuosity
the porosity
of the quantity
of that solute

Test data show that at sand contents less than 75% by dry weight of the
mixture, D i s v i r t u a l l y independent of the sand content. For mixtures
with high Sffective clay dry densities (the effective clay dry density i s
defined as the r a t i o of the mass of clay to the volume of the clay plus
voids i n the b u f f e r ) , i n the range 1.25 to 1.75 Mg/m3, preliminary test
results suggest t h a t , f o r I " and Cs + , D i s v i r t u a l l y independent of the
effective clay dry density and values or approximately 10~13 in2/s and
10~ n m 2 /s, respectively, were measured.
Equation (1) has been shown to predict, within an order of magnitude, D
f o r Sr, Pu, and Am [ 3 ] . Assigning the values presented in Table. 1 to
each of the parameters i n equation ( 1 ) , D_ values f o r I " and Cs are
calculated to be > 10~ IU m2/s and 4.6 x i f f " 1 1 m z /s, respectively. There
i s good agreement between the measured and calculated values of D f o r
Cs ; the measured value of D_ f o r I " is almost three orders of magnitude
less than the calculated one.

- 96 -

Consideration of the surface charge of bentonite and the pore volume
available f o r solute d i f f u s i o n in compacted bentonite offers a possible
explanation f o r the differences between predicted and measured values of
D . Due to the negative charge on the surfaces of bentonite p a r t i c l e s ,
anions are excluded from the water near p a r t i c l e surfaces. Thus, the
pore volume available f o r d i f f u s i o n of anions through the bentonite w i l l
be less than that available f o r cations; consequently, the movement of
anions w i l l be hindered to a greater extent than that of cations. In
compacted bentonite, the exclusion volume f o r anions could be a
s i g n i f i c a n t f r a c t i o n of the t o t a l pore space. Values assumed f o r n and T
i n equation (1) may have to be v a r i e d , depending on the nature (charge
and size) of the d i f f u s i n g species. The values of n and T presented i n
Table 1 are l i k e l y too high f o r anions. Other factors may also influence
D , such as the pore water chemistry and the redox potential of the
system. These factors w i l l also be discussed.
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TABLE 1
VALUES OF VARIOUS PARAMETERS USED TO CALCULATE D c FROM EQUATION (1)
Parameter

Value

D~

2 x 10~ 9 m 2 /s

T
P

n
KdI-

*

0.67
1.25 Mg/m3
0.53
< 0.8 m 3 /mg*
48 m /mg

The amount o f I " sorbed on the b e n t o n i t e was below
t h e d e t e c t i o n l i m i t o f t h e method used.
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PRESSURES ACTING ON WASTE CONTAINERS IN BENTONITE-BASED MATERIALS
O.A. Oixon, M.N. Gray, P. Baumgartner and G.L. Rigby
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment

Pinawa, Manitoba ROE 1LO
A concept for the disposal of nuclear fuel waste in a vault, located deep
in plutonic rock, is being studied in Canada f_l]« The waste will be
encapsulated in corrosion-resistant containers, which will be separated
from the rock by a clay-based buffer material. The buffer is likely to
be a mixture of Na-bentonite clay and a sand-sized aggregate (in equal
proportions by dry mass), compacted to a dry density of not less than
1.67 mg/m , with a moisture content 17 to 19% [ 2 ] . To design and develop
the waste containers, i t is necessary to establish the pressures that are
likely to act on them through and from the buffer, after the vault is
sealed. There are a number of potential sources of pressure acting on
the container. These include the groundwater pressure from the restored
water table, the buffer swelling pressure, and the pressure arising from
differential thermal expansion of the container, buffer and rock mass.
This paper discusses the magnitude of each of the component pressures and
the nature of their interactions which result in the total pressure
acting on the waste container.
Data are presented that show that the swelling pressure developed by the
confined and saturated buffer material can be considered to be an
"effective" pressure and will be superimposed on the hydraulic pressure.
Therefore, the waste container should experience a pressure of, at least,
the arithmetic sum of the swelling and the hydraulic pressures. This
total pressure is likely to act equally around the container.
Temperature changes in the vault, caused by the radioactive decay of the
waste materials, could cause variations in the swelling pressure, which
increase with temperature [3J. For a container skin temperature of 100 C
and in the saline groundwater expected in the vicinity of a vault at a
depth of 1000 m in the rock, the total pressure acting on the container
w i l l be between 11 and 12 MPa.
Temperature increases will cause contraction of the borehole, expansion
of the container, and differential thermal expansion between the rock
constituents. The latter will result in microcracking and, hence, some
stiffness changes in the rock. Preliminary estimates show that all of
these effects will be small. Also, the large differences between
the
elastic moduli of the rock and the buffer, Epoc^/Ebuffer * 1000 » a n d t n e
container and the b u f f e r , ^container^buffer * 3 0 > w i l 1 a l l o w t n e
to accommodate the volumetric strains that otherwise would act d i r e c t l y
on the container. Hence, pressures acting on the container w i l l not be
affected s i g n i f i c a n t l y by d i f f e r e n t i a l thermal effects and, hence should
not exceed the sum of the swelling pressure and the hydraulic pressure.
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HYDRAULIC COMPRESSION OF SHAFT BACKFILL
AT THE BACKFILL/ROCK INTERFACE

H.T. Chan and H.S. Radhakrishna
C f v M Research Department
Ontario Hydro Research Division
800 Kipling Avenue
Toronto, Ontario
M8Z 5S4

Many researchers have found tfiat compacted clays exhibit very low hydraulic
c o n d u c t i v i t y (10 " to 10
m / s ) . In a d d i t i o n , c e r t a i n c l a y s h a v e the
ability to substantially retard the migration of radionucl ides. For these
reasons, clays and mixtures of clay and sand (or crushed granite) are being
c o n s i d e r e d for backf I I I ing the s h a f t s of a p r o p o s e d u n d e r g r o u n d n u c l e a r
fuel waste repository in Canada. In order for the compacted shaft backfi I I
to perform effectively as an engineered barrier for ground water flow, it
m u s t be in Intimate c o n t a c t with the rock wa I I of the shaft. D u r i n g the
r e c h a r g i n g p h a s e of the r e p o s i t o r y , high h y d r a u l i c p r e s s u r e s may be
encountered at the backfill/rock wall Interface. Conditions may exist for
the lateral compression of the backfill and the potential development of a
gap b e t w e e n the backf II I and the rock. N a t u r a l l y , such a si tu at ion Is
detrimental to the effectiveness of the backfI I I as a barrier.
This paper describes analysis and laboratory experimentation for the study
of the horizontal pressures acting at a shaft backf II I/rock wall interface
and the behaviour of a shaft backfill under the influence of water pressure
In the r a d i a l d i r e c t i o n at the same I n t e r f a c e .
The classical theory of "soil arching" which explains the reduction of the
vertical pressure with depth within a soil column has been extended and
modified for a shaft backfill. A theoretical expression has been developed
to c a l c u l a t e the v e r t i c a l and h o r i z o n t a l p r e s s u r e s w i t h i n t h e s h a f t
backfill.
To verify the mathematical equation for the horizontal pressure between
the shaft backfill and the rock wall, two model shafts were constructed:
the first m o d e l was m a d e of a s t a i n l e s s steel pipe 1.69 m in length and
152.4 mm in d i a m e t e r and the s e c o n d model was c o n s t r u c t e d of a P V C pipe
1.83 m In length and 304.8 mm In d i a m e t e r . In each m o d e l , the h o r i z o n t a l
pressure at th6 Interface between the backfill and the Inside wall of the
pipe was m e a s u r e d at t h r e e l o c a t i o n s a l o n g the p i p e . C l a y and sand were
used separately as the backfills In these model experiments. Experimental
data from the model tests Indicated a reduction In horizontal soil pressure
with depth from the hydrostatic condition due to the shearing resistance
developed between the soil and the Inner surface of the pipe. Furthermore,
the test data compared reasonably well with the theoretical results.

- 100 -

T h e r e d u c t i o n of the h o r i z o n t a l p r e s s u r e at the shaft b a c k f M l / r o c k
Interface would have a significant influence on the radial compression of
the backfi I I under a large hydrauI 1c p r e s s u r e due to r e c h a r g i n g g r o u n d
water. To study the radial compression of a shaft backfill section under
the I n f l u e n c e of h y d r a u l i c p r e s s u r e , an a p p a r a t u s was d e s i g n e d and
constructed in which a confined specimen (diameter = 152.4 mm and height =
76.2 mm) of c o m p a c t e d c l a y and crushed
g r a n i t e was s u b j e c t e d to water
pressure acting on its circumference. T h e s e e x p e r i m e n t s p r o v i d e d a good
understanding of several factors controlling the radial compression of a
c o m p a c t e d backfi I I under the I n f l u e n c e of w a t e r p r e s s u r e from the s h a f t
waI Is. Based on t h e s e e x p e r i m e n t a l d a t a , it was c o n c l u d e d that a good
contact between the shaft backfill and the rock wall can be maintained by
c o m p a c t i n g the b a c k f i l l to a c e r t a i n m i n i m u m d e n s i t y , or by a d d i n g a
certain amount of sweI ling clay (eg sodium bentonite) In the backfI I I mix,
or a l t e r n a t i v e l y by using a non-uniform backfill cross-section In which a
h i g h l y swe I I Ing m a t e r i a l Is used b e t w e e n the backf i I I c l a y c o r e and the
shaft w a l l . The experience gained In the laboratory should a l s o be useful
In providing guidelines for the design of a shaft backfill using compacted
c l a y m a t e r i a l s to a v o i d the p o t e n t i a l d e v e l o p m e n t of a gap b e t w e e n the
backf I I I and the rock wal I.
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IDEOLOGY, RISK AND PUBLIC CONSULTATION:
PLANNING FOR CANADA'S NUCLEAR WASTE
Patrick Falconer
6A-264 Wellington Crescent
Winnipeg, Manitoba
R3M 0B4
The management of spent fuel has become a most critical public issue
facing the nuclear industry in Canada. While a substantial component of
the question lies in the technological realm, the most problematic
elements are social and political in nature. Indeed, one official
responsibility in the Canadian waste management program's mandate is to
demonstrate that the geological repository option is a "desirable
method." "' As a spokesperson for Atomic Energy of Canada Limited
(AECL), the lead agency in the program, has stated:
It is our responsibility not only to produce a result that
will work from a technical perspective, but to produce one
that is implementable. To do less would be to run the risk of
wasting the taxpayers' money with which we have been entrusted
• • • »^ *
The obstacles involved in fulfilling this responsibility and the
program's past attempts and present plans to win public confidence are
considered by the paper. The prospects for the program's success are
examined and an alternative policy framework is advanced.
The saliency of public skepticism toward both nuclear waste technology
and the program has been demonstrated in a series of Ontario opinion
polls commissioned by AECL from 1978 to 1984. First, only 35% and 34%
of respondents found drilling research activities near their communities
acceptable in the June, 1978 and June, 1979 surveys respectively. (3)
Second, in the July, 1978 and October, 1983 surveys, only 20% and 5%
respectively found it acceptable for their communities to host a disposal
repository even if scientific solutions are achieved and supported by
government programs. **) Moreover, in July, 1981, only 28% of
respondents found it acceptable for a repository to be placed within 500
miles of their municipalities. (5)
These results suggest that the prospects for the program's sociopolitical success are limited. In blunt terms, if the geologic disposal
technology is developed, and a technically suitable disposal site is
found and approved by government, the magnitude and regional expanse of
public opposition to the siting will provide a ripe breeding ground for
the expression of social hostility and intensified anti-nuclear sentiment
and activities. (6
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There appear to be three related but analytically distinct factors
contributing to this public apprehension. Each will have to be addressed
by the program if it wishes to avoid exacerbating its present position.
The first factor can be categorized under the heading of ideology and
involves a complex set of changes in societal expectations that have
evolved since the birth of the civilian nuclear industry. Unfortunately,
modifications to the institutional arrangements of the industry have not
kept pace with these changes'. To complicate this divergence, the
ideological principles prevalent among nuclear proponents continue to
reflect naive notions common to the 1950s that are anachronistic by
today's standards. (?) Conversely, the ideological character of antinuclear advocates appear firmly grounded in latent societal tensions and
appear to have greater impact on public sentiment. (8) Finally, the
reviews of the nuclear industry by independent researchers and
governmental bodies have supported many of the ideological-related
critiques tendered by nuclear opponents. (9) Therefore, resolving
present public apprehension and avoiding greater distrust appears to be
dependent upon effectively addressing the influential legacy of the
nuclear industry.
The second base of public apprehension involves the concept of risk.
Related to this factor, the sensational istic coverage offered by the
media and the unique set of hazards of radioactivity have combined to
make nuclear energy the public's pre-eminent symbol of technological
risk. Further, public and institutional confusion over the two domains
of safety, risk assessment and risk acceptability and the basic
antagonism between the qualitatively safety concerns of the public and
the probability-orientation of science, regulators and government have
confounded a rational public discussion of nuclear risk. (10) it is
submitted that a new approach by the program that combines qualitative
and quantitative concerns and relates them to other involuntary risks
will be a vital prerequisite to successful resolution of the waste
issue.
The third factor involves planning methods and the use of public
consultation. As a technical question apparent in the 1950s and one
which required lasting socio-political judgements, the management of
spent fuel demanded long-term planning and a comprehensive consideration
of all relevant variables. (11) As well, literature on the siting of
hazardous facilities suggests that broad public consultation and a
public perception of due process are essential to the social success of
siting efforts. (12) However, the planning for waste management in
Canada has fallen recklessly short of these requirements. Even now the
present program appears not to recognize the nature of its situation and
the import of the factors that have produced it. (13) This presents a
scenario of the program continuing on its dangerously optimistic course
in a turbulent and profoundly distrustful public milieu. In so doing,
the limited prospects for the program's mandate are even more severely
compromised.
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The paper concludes by synthesizing the remedial suggestions emanating
from the separate discussions of the three factors underlying public
apprehension. The paper suggests that it is only through substantial
revisions to the program that emerging social tensions can be addressed
and the nuclear waste issue can be effectively resolved. Without such
revisions, any success for the program will have been won at unforetoid
expense to the industry.
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PUBLIC CONSULTATION AND THE CANADIAN NUCLEAR
FUEL WASTE MANAGEMENT PROGRAM
R.8. Anderson, R.S. D1xon, M.A. Greber, and J.R. H i l l i e r
Atomic Energy of Canada Limited
Whftesheii Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0

INTRODUCTION
Atomic Energy of Canada Limited's (AECL) public consultation program (PCP)
was developed for, and in conjunction with, the Canadian Nuclear Fuel Waste
Management Program. As the lead agency in this Program, AECL designed the
PCP to f a c i l i t a t e public participation in tandem with its preparation of the
technical assessment for nuclear fuel waste disposal. The final Concept
Assessment Document will be submitted to the regulatory authorities for
evaluation toward the end of this decade, and will be followed by a public
hearing. The background to the PCP is discussed under three headings: The
Need for Public Participation, the Form of the Public Participation, and
Preliminary Results of the Participation Program.

NEED FOR PUBLIC PARTICIPATION
Public participation reflects principles basic to Canadian society. Among
the many social benefits that result from the public participation process
are Information exchange and public Input into the decision-making process.
Direct involvement 1n decisions affecting the public tends to enhance its
confidence in both the decision makers and their decisions. Hence,
legitimacy and credibility are lent to the decision-making process. (Howeli
et. a l . 1983; Delli Priscali, 1984).
Regarding technical assessments, a proponent should encourage public
participation for three reasons. First, unless a technology is acceptable
to the public, i t may never reach the Implementation stage. While public
participation does not guarantee the success of a technology, Its absence
will reduce the chances of societal acceptance (Swanson, 1971). Secondly,
technologies tend to distribute risks, costs and benefits unevenly, and
public participation provides a means of both Identifying and addressing
distributive Inequities. Finally, public participation can advance and
exhance the development of a technology (Weiler and Jackson, 1982;
Kasperson, 1983).

FORM OF PUBLIC PARTICIPATION
I t has been stated that, In any technical assessment, effective public
participation necessitates two sequential processes: a proponent-public
evaluation followed by a government (regulatory body)-proponent-public
evaluation (Mykes et a l . , 1984). Without the former, the
government-proponent-public evaluation, usually 1n the form of a public
hearing, risks being l i t t l e more than a forum for the third link In the
non-participatory evaluation process Involving a decision, the announcement
of the decision, and defence of the decision (Susskind, 1984).
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As a proponent, AECL has been Involved In public participation programs
since the Inception of the Nuclear Fuel Waste Management Program In 1978.
I n i t i a l l y , this public participation focused on Information programs
directed primarily at Informing the public about the research program and
obtaining public acceptance of f i e l d research activities. The public
information programs proved effective in meeting these objectives. However,
as the research program moved closer to the evaluation stage, the emphasis
has shifted toward encouraging prescriptive input. The need to identify and
resolve the broader technical-social Issues that surround the acceptance and
ultimate implementation of the technology led AECL to commence its
Participation program In 1984 November.
The PCP is based on the concepts of need, opportunity and capability
(Singer, 1984). The potential Imbalance of risks, costs and benefits
necessitates public involvement In establishing criteria for acceptance of
the technology. The opportunity to participate is based on the concept of
special interest groups representing the general public. Such groups,
identified by an independent consultant, have been invited to participate In
an evaluation long before the government-proponent-public evaluation stage.
The capability of the Interest groups to participate in the program is
enhanced by such measures as a flexible and informal meeting format, and
subsidized costs for the participating groups. To ensure that the broad
spectrum of public opinion is sampled, the PCP is complemented by focus
group studies and public surveys (Greber, 1986).
PRELIMINARY RESULTS OF THE PCP
The PCP Is being conducted in two phases. I n i t i a l l y AECL meets with
individual Interest groups to Identify and discuss Issues at some length.
This Is to be followed by a phase that allows for, and encourages,
Interaction among the special Interest groups. Currently, the PCP is in the
f i r s t phase, and therefore the results presented here are preliminary In
nature.
Early results of the discussions held with Interest groups f a l l Into two
categories: Issues relating to the development and evaluation of the
nuclear fuel waste disposal concept, and generic Issues related to site
selection. Pertaining to the development and evaluation of the concept,
some of the main Issues are: concerns regarding process, not only of the
consultation program, but the process by which the nuclear fuel waste
disposal concept will be evaluated; the credibility and objectivity of the
actors in the Nuclear Fuel Waste Management Program; the nature of risk
assessment; and the question of Issues related to site selection range from
equity concerns through job creation and economic development to mitigation
and compensation of the affected public.
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THE ONTARIO PUBLIC'S OPINION ABOUT NUCLEAR
FUEL WASTE MANAGEMENT
M.A. Greber
Whitesheli Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0
INTRODUCTION
Atomic Energy of Canada Limited (AECL), as the lead agency for Canada's
research pertaining to the management of nuclear fuel wastes, I s responsible
f o r providing the public with Information on the Canadian Nuclear Fuel Waste
Management Program. To assist the Information program, AECL conducts
sociological research studies to assess public perceptions and a t t i t u d e s
towards Issues associated with the program. Recently, the sociological
research work has focussed on providing Information and assistance for
AECL's public consultation program (Anderson et a l , 1986). Public opinion
surveys and focus group discussions are two types of studies that have been
conducted. An overview of the findings of these studies Is given In t h i s
paper.

PUBLIC OPIONION SURVEYS
Questions on nuclear fuel waste management have been Included In the
Canadian Gallup P o l l ' s Ontario Omnibus Surveys on a regular basis. AECL has
p a r t i c i p a t e d In these surveys since 1978 June. The surveys are designed to
evaluate public knowledge of the Nuclear Fuel Waste Management Program, to
assess attitudes towards various aspects of the program, to Identify public
Issues and concerns associated with the program, and to Investigate the
conditions that society would require for public acceptance of the disposal
concept and the acceptability of s i t i n g a nuclear fuel waste disposal
facility.
Survey results Indicate that self-assessed levels of knowledge about the
waste management program have remained f a i r l y constant since 1982, with a
l i t t l e over half of Ontario respondents Indicating general awareness of the
program. Knowledge about specific aspects of the program appears to be
limited.
In the early 1980s, opposition to geological research d r i l l i n g gradually
Increased, with continued public concern that the research may Involve the
handling of wastes or may be the f i r s t step In selecting an area as a site
for a waste disposal f a c i l i t y .
There Is some degree of public confidence I n , and potential support for, the
technical program to find a solution for the disposal of nuclear fuel waste.
The majority of respondents believe that the technology either presently
exists or will be developed within the next 20 years. In addition, most
feel that the general public would likely support scientifically recommended
government programs for nuclear waste disposal.
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Scientific evidence and safety regulations are considered to be the most
Important factors 1n deciding whether or not approval Is granted for the
nuclear fuel waste disposal concept. The majority of Ontario residents feel
that public hearings should be held as part of the formal review of the
concept, and a proportion are personally Interested in attending the
hearings.
Specific concerns about nuclear fuel waste disposal appear to centre around
health and safety Issues. The most frequently cited concerns Include the
effects on health, the safety of the disposal method, the radiation emitted
by the waste, contamination due to accidents or leaks and environmental
effects.
Factors that may play a role in public acceptance of the disposal concept
include a physical demonstration that the concept is safe as opposed to
evaluation based solely on current scientific analysis, a review process
that is viewed as appropriate and fair by the public with a review panel
that Is objective and consists of experts, and assurances of the safety of
the disposal method.
Successive surveys indicate that public support for
disposal facility has remained low while opposition
introduction of incentives, In particular increased
opportunities, appears to have a positive effect on
nearby siting.

siting a nuclear waste
has increased. The
employment
support levels for

FOCUS GROUP DISCUSSIONS
Another type of study that has been conducted in support of the nuclear fuel
waste management Information program and public consultation program Is
focus group discussions. This type of study Involves small structured group
discussions of about eight to ten people. The two most recent focus groups
were conducted by a consultant in 1983 November and 1985 May and June
regarding public issues associated with nuclear fuel waste management.
The Issues raised and discussed during the focus group sessions appear to be
based on one fundamental concern - safety. This concern Involves questions
of safety standards, responsibility to future generations, risk, and
transportation.
Participants expressed the opinion that an objective e>q>ert panel should set
safety standards, that these standards be the highest possible, and that
research should continue to increase this safety level. Responsibility to
future generations Involves Issues of monitoring and retrievabiHty, which
are considered essential for ensuring safety by providing mechanisms for
Identifying and dealing with potential problems. There Is a strong
perception that the risks associated with nuclear fuel waste disposal are
unknown. Because of this, participants feel that implementation of the
concept should be postponed until those risk can be identified, and they are
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uneasy about any analysis that attempts to balance or trade off benefits and
risks. There are strong expectations that every effort would be taken to
ensure safe transportation of nuclear waste through such measures as
convoys, special emergency services 1n place along the route, the use of
special vehicles and containers, specially trained personnel, and no limit
on expenditures to make the route as safe as possible.
Although the focus group participants were somewhat uncomfortable with the
notion that the public should be Involved 1n technical decisions, there were
strongly held views about who should make the decisions and how they should
be made. For both research and site selection, decisions should be made by
a panel of experts who do not have a vested Interest In the program, and the
decisions must be objective and based on clearly established safety
criteria, not on political considerations.
SUMMARY
The results of sociological research have consistently shown that Ontario
residents are concerned about the question of nuclear fuel waste disposal
and that they feel It Is Important to demonstrate the safe disposal of
nuclear waste as soon as possible. While public consensus exists on the
need to manage and dispose of high-level radioactive waste safely and
promptly, program Implementation has not had the same unequivocal support.
The findings from our studies Indicate that public confidence In and
potential support for the Nuclear Fuel Waste Management Program may be
contingent upon Increased Information, particularly that related to health
and safety; assurances that geological research does not Imply siting;
demonstration or physical testing to give confidence In the safety of the
disposal method; evidence that safety standards and regulations are clearly
established and In place; confirmation of the credibility/objectivity of the
organizations Involved In the program and the adequacy of the review and
approvals process; and the development of monitoring and retrievabiiity
systems to exemplify the commitment to safety.
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TALE OF THREE CITIES
David J. Lechel
Roy F. West on, Inc.
5301 Central Avenue NE, Suite 1516
Albuquerque, New Mexico 87108
Once upon a time in the Western U.S. there were three
communities involved in the Uranium Hill Tailings Remedial
Action (UMTRA) Project (Figure 1 ) . Each community, their
leaders, and people's lifestyles varied, although each had a
common thread - a tailings pile from the bygone days of
uranium extraction.
The community of Lakeview, Oregon
differed from that of Salt Lake City, Utah which in turn
differed from the community of Durango, Colorado. My tale
is about the three communities and how each dealt with their
common burden.
The three cities, independently, worked with the U.S.
Department of Energy (DOE) in a stated cooperative fashion.
The DOE, as the lead Federal entity, strived mightily to be
solicitous of the wishes of the community. Oftentimes, the
wishes of the community proved fleeting and wistful, and it
became difficult for the DOE to predict community desires.
But, this is jumping ahead of the tale.
I, as the teller of this tale, am trained to observe such
community - agency relationships, and hopefully, develop the
moral(s) that all can learn by.
Let me describe the setting of each community. The community of Salt Lake is highly urbanized. The tailings site is
large, covering 128 acres of lands coveted by the community
business leaders. The site is surrounded by a new sewage
treatment plant, and a highly utilized modern primary road
network and rail yard. Many tens of thousands of persons
call the area home. The leaders and peoples of the community are sophisticated and wise in the ways and use of the
political system and media.
Lakeview, in comparison to its sister community Salt Lake,
is a much less populated community having fewer than 3,000
persons. The area, situated in picturesque Goose Lake
Valley, surrounded by mountains, can best be characterized
as agrarian. The site is shared with one of the few industries, a lumber mill. The leaders and citizens of Lakeview,
although not thought of as a mainstream political force, are
nevertheless, an astute, subtle force to be considered.
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And lastly, Durango, Colorado, unlike both its companions,
is best characterized as a community somewhat dependent upon
agricultural pursuits, but, more importantly, dependent on
travelers to and from Durango.
The population of about
12,000 is a mix of native Coloradans and relocatees from
areas behind its horizon. Its citizens are clearly less of
a political force than either Salt Lake or Lakeview, however, they were not without their surprises.
Each community
tailings pile.
ent vision.

was joined by a common bond, each had a
However, as you will see, each had a differ-

Now to the Federal entity. DOE was proactive, moving among
the peoples, spreading the gospel of technical faith.
Its
message was clear, and to its credit was made obvious
through the print and visual media, through local task
forces, through public meetings and hearings.
All of the
standards were used in an effort to communicate the technical issues. The entity worked within its means, directly
with the communities in a straightforward manner - no subtle
political forces at work. But, this was not enough as its
call to action was voiced only in the technical issues
—
they spoke not all of the languages of the community.
To Salt Lake City the entity spoke the technical language
for leaving the tailings pile in place. And the community
rebutted with technical reasons of their own, for awhile,
and when this failed to bring the desired response, they
became adamant. As one political leader said, "I... support
having the tailings... at a remote site in the... desert."
This community, adept at the political process, sought and
won a political decision - the tailings have since been
relocated to the desert.
Lakeview had a different concern from its sister city. They
were impatient for something to happen, regardless of the
solution. The leaders used their political skills to move
the DOE and hasten the process. Once motivated by political
forces, the DOE and the community were then wise enough to
jointly fully review and judge the merits of the technical
issues and together agreed that the pile should be moved purely for technical reasons.
Durango, unlike either Lakeview or Salt Lake City, reacted
in an unusual manner and was somewhat divided. For this
option as in Lakeview, DOE wished to move the tailings pile
for technical reasons. In their efforts leading to this
decision, the DOE having considered the technical reasons
and, having heard the desires of Salt Lake City and Lakeview
to relocate the tailings, assumed that little community
opposition would arise. However, little did DOE realize
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that the fear of opening the pile and releasing "clouds of
radioactive gas" would cause a furor. Many feared for loss
of the tourist trade. And, an issue once thought to never
happen, did —
many wanted the pile left untouched and
unmoved.
Now having faced these issues during the last several years
the moral has become apparent, it is crucial to have felt
the pulse of all segments of the community.
Cleanup of
radioactive wastes is fearful to a community, either for
health reasons,
although
none
may
exist,
or
for
other reasons.
As seen in the three communities, the
reasons vary
from economic
(as in
Durango), to
a
psychological fear coupled with economic motive (as in Salt
Lake City), to a desire to move quickly (as in Lakeview).
In its recent efforts in other western communities, DOE,
along with leaders
of the
communities, are
working
cooperatively to identify the technical issues as well as to
explore all of the issues of concern to the peoples.
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FIGURE 1 THREE COMMUNITIES
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SOCIAL CONSIDERATIONS RELATIVE TO THE SITING OF A
LOW-LEVEL RADIOACTIVE WASTE DISPOSAL FACILITY IN CANADA
Brad Franklin
Information Officer
Low-Level Radioactive Waste Management Office
Research Company
Atomic Energy of Canada Limited
275 Slater Street
Ottawa, Ontario
K1A 1E5

To learn more about the sociological implications of facility siting, the
Low-Level Radioactive Waste Management Office of Atomic Energy of Canada
Limited contracted with the consulting firm of Public Affairs International
for case studies of siting experiences in other areas and, through a
sub-contract, with Decima Research Limited for a survey of the views of
Ontario residents on a low-level waste disposal site.
The case studies examined the attempts to establish hazardous waste disposal
facilities in two Canadian provinces, Ontario and Alberta, and looked at the
situation in the United States with respect to low-level wastes, concentrating
on the existing site at Hanford, Washington, and efforts to site a disposal
facility in Texas.
The studies show that siting processes can be both long
and costly. In Alberta, a successful siting process took four years and cost
about five million dollars.
In Ontario a different approach has cost
considerably more, taken longer and has yet to produce an agreed site.
The
study points out, however, that factors in the two provinces are not equal in
that the economics of a remote site in Ontario are less viable than in Alberta
because the distance between where the waste is produced and a remote site is
greater in Ontario.
The case studies also show that the approach taken in Ontario and the
legislation covering site selection in the United States are both based on the
concept that irrefutable science and process will lead to acceptance.
Texas
backed away from a low-level waste site that was selected on scientific
criteria, and in Ontario, citizens in several communities actively fought the
siting process.
The study of Ontario concludes that the probability of the
site ultimately being selected being supported by the community is very small;
it seems guaranteed that the community will be hostile. The studies indicate
that leadership, particularly at the community level, is key to the promotion
of community acceptance of a waste facility, and say that if this acceptance
is to be a criteria for site selection, a measure or definition of it is
needed.
The public attitude survey was carried out in Ontario.
Seven hundred
respondents were questioned by telephone, answering 63 questions designed to
elicit their awareness of the low-level waste issue, their perceptions of it
and their feelings . on disposal facility siting. The sample was weighted to
reveal any differences which might exist in opinions expressed by people
living near existing nuclear facilities as opposed to those of the more
general public.
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The results show that nuclear waste disposal is not yet of as high concern as
are some other environmental issues. The public does not distinguish between
low- and high-level wastes, tends to believe that
any
exposure
to
radioactivity is harmful, and has strong feelings that the safety of disposal
is of paramount importance, superseding other considerations such as cost.
Most people want a disposal area located well away from where they live. When
asked how far away would be acceptable, H0% of respondents said more than 100
miles.
The findings indicate that the issue of low-level wastes has the
potential to engender a powerful, negative public reaction. People in the
areas adjacent to the Bruce Nuclear Power Development and the Chalk River
Nuclear Laboratories are relatively more likely to consider the potential
benefits a disposal site could bring, suggesting some sociological advantage
to siting in one of these areas if they meet other requirements. Fewer than
20 per cent of respondents in the Bruce area believe a site would have to be
more than 100 miles away to be acceptable while the comparable figure for the
Chalk River area is 25 per cent.
The findings show that people today wish to be involved in decisions they
perceive as affecting their future. Ninety per cent of those surveyed believe
that environmental groups should be actively involved in siting decisions and
94 per cent want public hearings. In spite of this, the study results show
that, regardless of the site location, there will be opposition to the choice.
Thus, there is the dilemma in which a public process of site selection will
not produce public agreement on a location, yet lack of a public process will
be seen as an affront to the people.
The study outlines four options for the site selection process which can be
grouped into two categories. The first of these involves seeking one or more
communities which would like to have the site and then finding technically
suitable locationswithin these areas. The second includes selecting a site or
sites meeting technical criteria and then either forcing it through quickly
without public consultation, holding public hearings in which community
acceptance is not required or holding public hearings in which the community
has a veto. The pros and cons of each approach are discussed.
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NUCLEAR WASTE MANAGEMENT:
SOCIO-ETHICAL DIMENSIONS
Social Issues Committee
Canadian Nuclear Association
Toronto, Ontario
ABSTRACT

The Canadian Nuclear Association's Social Issues Committee has
identified and classified social and ethical concerns related to
nuclear waste management.

The paper presents the concerns in

question format under five headings:
(1) Rights and Responsibilities, (2) Equity, (3) Trust, (4)
Values and (5) Proper Action.

Although the paper does not at-

tempt to provide answers to each of the concerns, the
classification and listing of concerns is useful in analyzing
issues related to any waste management process.
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RESEARCH INTO THE LONG-TERM ENVIRONMENTAL EFFECTS
OF URANIUM TAILINGS
Roy D. John
National Uranium Tailings Program
CANMET, 555 Booth Street
Ottawa, Ontario
K1A 0G1
OBJECTIVES
The major objective of the National Uranium Tailings Program is to
provide a scientifically credible information base to assist government
regulatory agencies and the mining industry to establish long-term
management strategies for the protection of the public and the environment.
The most important outcome of this objective is the development of a
probabilistic predictive model which will allow for a comparison of the
long-term implications of different close-out strategies. Details of
this section of the Program will be covered by two papers given at this
conference. To develop this model requires fundamental understanding
of the scientific and engineering principals involved in contaminant
migration from uranium tailings. The research program design has been
an iterative process. Some initial research was done to provide basic
information to the modelling section. The preliminary model was then
developed and tried. Output from this was used to define the subsequent
areas of fundamental study. The new information generated by this
basic research was then fed to the next stage of model development.
Once again the output from these efforts were used to direct the next
sequence of research.
RESEARCH PROGRAM
The National Uranium Tailings Program (NUTP) has been run as an integrated
program. For convenience of administration the Program was sub-divided
into three sections, Modelling, Measurements, and Disposal Technology.
However, projects done in each of these sectors had considerable overlap
with one another. Therefore, it is not possible to entirely segment the
research into individual categories. However, it is possible to define
some broad topics and these are discussed below.
RADIUM
Typically, radium is the radionuclide of most concern. Although radioactive isotopes of uranium, thorium and lead have all been considered,
they have received far less attention than radium. Because of its
importance, several major contracts have been awarded to research the
various aspects of radium geochemistry. This work has both expanded
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and refined the existing knowledge, and produced a number of new insights.
For example, the mobility of radium is enhanced when radium-barium sludge
is placed under anaerobic conditions.
Considerable importance has been placed 1 on understanding the complex geochemistry of radium within the tailings matrix. From the evidence to
date radium precipitates with the various constituents, created or added
as a result of the milling process, and which form discrete layers around
the gangue particles. From there, dissolution and subsequent movement of
radium can, and does, occur. The rate at which this process takes place
will depend on a number of site specific factors.
One route for the release of radium is through the groundwater pathway.
Its movement in the surrounding soil is governed by physical factors such
as groundwater flow rate and the exact chemical nature of the soil itself.
The evidence indicates that radium movement through soil is extremely
slow.
RADON
Radon dispersion has been the subject of much heated discussion, but very
little research. Thus, one early contract studied the radon dispersion
at Elliot Lake. It showed that radon is very rapidly dispersed and that
even in an area with a number of tailings piles, radon levels are not
significantly high. After close-out radon will be an important contributor
to the total dose of a key receptor. However, the dose from radon, and
indeed the total dose, will be very low (for an Elliot Lake-type site).
Some studies had shown that the radon exhalation rate is affected by
tailings surface vegetation. It was not clear what this effect would
be in a Canadian environment and, if there were an effect, what the
mechanism was for producing the change. Accordingly, one contract
evaluated this question and showed that, under Canadian conditions,
revegetating the surface of the tailings pile made almost no difference
to exhalation rate.
OXIDATION OF SULPHUR CONTAINING MINERALS
Some of Canada's uranium tailings contain significant quantities of
sulphur that are being oxidised. This lowers the porewater pH
inhibiting the growth of vegetation on the tailings surface, and
provides acidic seepage water. If effluents from such a site! enter
the water course unamended they can do considerable environmental damage.
Second, the oxidation of sulphur to sulphate also depresses the solubility
of radium. This suppresses the movement of radium and, therefore, lowers
the impact of the key radionuclide.
Bacteria play an important role in the catalysis of the oxidation reaction.
For the modelling project it has been necessary to define these bacterially
enhanced oxidation rates. Bacteria can catalyse oxidation in oxygen
levels as low as 0.5% and such levels occur down to depth of one meter.
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SEDIMENTATION
The sedimentation process were sub-divided into a number of key topics.
These included sedimentation rate, the role of biological organisms,
absorption and desorption mechanisms, and reactions with naturallyoccurring organic material. Only preliminary information is available
but it is expected that data will be available for migration rates of
radium, uranium and some other radionuclides down through the sediment,
the rate of precipitation of radionuclides caused by biological activity,
and the role, including a preliminary model, of the organics in the
precipitation of radionuclides.
BIOLOGICAL RESEARCH
The modelling outputs have indicated that biological pathways such as
those through vegetables and meat (exception for fish) are not major
contributors to dose. Therefore, research in these areas has been of
second priority.
PHYSICAL PARAMETERS
The model can be run with various inputs defined by the disposal
technology options chosen. Therefore, it is necessary to have an
adequate database of the technology options and the input parameters
that these generate. The Program has concentrated on existing technology
options and has researched the fundamental engineering associated with
those options.
SUMMARY AND CONCLUSION
The NUTP has conducted a five-year research program into the environmental
effects of uranium tailings. To substantiate the major output, a
predictive mathematical model, much of the research has been in fundamental
areas of engineering and science. This research has covered all the
areas necessary to support the modelling effort. It is hoped that
additional funding can be obtained for a second stage to the NUTP. In
this stage the field data gathered will be used as input to the models
to demonstrate its capability and identify areas of weakness. It is
hoped to have sufficient funding that any identified areas of weakness
can be eliminated. It is also planned to attempt validation of the
model against existing natural areas and through an international
validation exercise.
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APPROACHES TO RISK ASSESSMENT FOR CANADIAN URANIUM MILL TAILINGS
D.B. Chambers, R.A. Knapp and M.L. Murray
SENES Consultants Limited
499 McNicoll Avenue
Willowdale, Ontario M2H 2C9
R.W. Holmes
National Uranium Tailings Program
Canada Centre for Energy and Mineral Technology
Energy, Mines and Resources Canada
The modelling e f f o r t of the National Uranium Tailings Program, with
p a r t i c u l a r emphasis placed on the p r o b a b i l i s t i c system model, i s
described in another of this conferences papers. The effort is aimed at
predicting the long-term effects of various close-out options for uranium
m i l l t a i l i n g s . The model's outputs are frequency d i s t r i b u t i o n s of
contaminant concentrations as functions of time and distance from the
t a i l i n g s , which in the case of radioactive species, can be converted to
dose.
P r o b a b i l i s t i c analysis allows one to quantify some of the uncertainty
associated with the long-term effects of uranium m i l l t a i l i n g s and to
generate frequency d i s t r i b u t i o n s of the expected consequences.
Typically, such an analysis involves the simulation of one sequence of
events (or scenario) at a t i m e . This paper discusses how the
probabilistic consequences of a number of scenarios involving naturallyoccurring events such as forest f i r e , drought and major precipitation can
be combined in order to estimate the overall risk arising from a uranium
m i l l tailings s i t e .
The term "risk" has been associated with the possibility of many kinds of
harm, including among others financial l o s s , environmental damage,
impaired health and loss of l i f e .
An example of the r i s k of a
deleterious health effect to an individual can be written as:
R = r.P.H
where H is the potential dose, P is the p r o b a b i l i t y of receiving that
dose, and r is the probability of a deleterious effect on health per unit
dose. In other words, risk is the p r o b a b i l i t y of a health e f f e c t .
Indeed, for a d i s t r i b u t i o n of doses, risk could be considered as the
statistical expectation of a health effect.
However, the approach adapted for examining the potential risks from
uranium m i l l t a i l i n g s is that r i s k can be considered as a set of
t r i p l e t s , consisting of scenarios, t h e i r l i k e l i h o o d s , and t h e i r
consequences. As described in the paper, the information in the t r i p l e t s
can be summarized in the form of an event tree (Figure 1) or r i s k consequence curve (Figure 2).
The results

in t h i s

study represent the r i s k associated with a
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hypothetical, "reference" tailings f a c i l i t y over a 1000 year simulation
period. The natural "episodic" events considered include forest f i r e ,
drought and a major p r e c i p i t a t i o n event leading to dam f a i lure (i.e. a
f l o o d ) . I t i s possible, f o r any scenario (i.e. f o r any combination of
events) to calculate many d i f f e r e n t types of consequences to the
environment and/or nearby humans. Four such consequences or "damage
indices" are presented in the evenc tree in Figure 1. Figure 2 is a
graphical presentation of one such damage index, namely the maximum dose
in any year to the most exposed i n d i v i d u a l . The ordinate on t h i s curve
represents the cumulative ( r e l a t i v e ) frequency t h a t , d u r i n g the
simulation period, the maximum annual dose w i l l be equal to or greater
than the corresponding value on the abscissa.
From the results illustrated in Figures 1 and 2, several observations can
be made:
- The occurence of one or more forest fires produce only very minor and
very temporary increases of materials released from the t a i l i n g s
pile.
- A prolonged drought causes only a slightly increased release, mainly
via water pathways.
- A major flood causing dam breakage results in almost a nine-fold
increase in maximum individual dose and a two-fold increase in maximum
lifetime dose.
- Non-routine events have l i t t l e impact on the long term dose to the
assumed population.
These results apply only to the hypothetical situation modelled.
The results shown in both Figures 1 and 2 assume that there i s no
uncertainty about either the l i k e l i h o o d of an event (or scenario)
occurring or about the consequences associated with that event (or
scenario). In r e a l i t y , there is generally great uncertainty about both
quantities. The paper describes how the methodology can be extended to
account for such uncertainty. In essence, by incorporating uncertainty,
the r i s k curve shown in Figure 2 becomes a family of risk curves. This
extension to the methodology is also illustrated by worked examples.
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RADIONUCLIDE AND HEAVY METAL CONCENTRATIONS IN WATER, SEDIMENTS AND BIOTA
IN THE VICINITY OF CLUFF MINING OPERATIONS
Thomas P. Hynes, Tim Meadley, Neill A. Thompson and Randy M. Schmidt
Amok Ltd., P.O. Box 9204, Saskatoon, Saskatchewan, CANADA, S7K 3X5

Amok Ltd. operates, on behalf of Cluff Mining, a high-grade uranium mining
operation in northwestern Saskatchewan, about 150 km south of Uranium City
and about 30 km east of the Alberta border. Mining commenced in 1980 and
the first release of treated effluent into the environment from the
tailings management area occurred in March 1982. Since then the effluent
has been discharged almost continuously, with an average volume of more
than 100,000 m3/month.
This effluent while meeting all limits on
contaminant concentrations, imposed by the federal and provincial
governments, still contains measurable amounts of several radionuclides
and heavy metals.
The effluent discharged from the company's effluent treatment system
enters a drainage system which crosses the border into Alberta and
eventually drains into Lake Athabasca and the Mackenzie River drainage
system. The present study is concerned only with the upper part of the
drainage system, on the Saskatchewan side of the border.
This paper deals with the release of radionuclide and heavy metal
contaminants into this drainage, and the monitoring of changes in the
environment as a result of these releases. The contaminants studied are
uranium, radium-226, lead-210, thorium-230, molybdenum, arsenic, copper,
nickel, lead and zinc.

INFORMATION SOURCES
Two separate baseline studies, in 1975 and in 1978-79, documented baseline
conditions in the drainage area for water quality and for concentrations
of radionuclides in sediments, fish and aquatic macrophytes.
These
studies were carried out for Amok Ltd. by Stearns-Roger Inc., and the
Saskatchewan Research Council on a contract basis.
Since 1980, Amok has carried out a monthly water sampling program at
several sites on the drainage system.
The results of this sampling
program are presented in this paper. Results of chemical analyses on
water samples document the changes occurring in water quality in the
drainage system since effluent discharges have begun. They also indicate
the extent to which changes have not occurred, both in the upper limit on
contaminant concentration in individual water bodies, and in the extent of
downstream spread of elevated contaminant levels.
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Since 1980 there has also been an annual sampling program to monitor
radionuclide concentrations in sediments, aquatic macrophytes (yellow-pond
lily and 2 Carex species) and fish (northern pike and lake whitefish). These
samples were collected from a number of sites in the study area. For
fish, separate analyses have been performed for flesh concentrations and
for bone concentrations. In 1985, in addition to radionuclide monitoring,
the samples collected were also analyzed for heavy metal concentrations.
The results of the analyses of sediment, fish and aquatic macrophytes
allow comparison of the uptake of contaminants into different compartments
of the aquatic environment. They also document differential uptake rates
between species of plants, and of fish, and their uptake coefficients from
water
at
different
contaminant
concentration
factors.
The
bioconcentration factors (BCF's) are presented and compared to data from
other areas.

RESULTS
The environmental implications of the contaminant discharges are
discussed, in terms of changes in water quality, sediments and biota at
increasing distance from the effluent discharge.
Conclusions are
presented on the efficiency of various parts of the sampling program over
the past six years and recommendations are made on monitoring priorities
for similar operations at other sites.
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URANIUM TAILINGS MANAGEMENT
AND WASTE WATERS CONTROL AT KEY LAKE
L. S. Price
Key Lake Mining Corporation
Saskatoon, Saskatchewan

The Key Lake tailings management area and associated water treatment
system has been carefully designed as an integrated package. The design
is intended to avoid or eliminate the potential environmental problems
inherent in more traditional tailings disposal concepts. This approach
has a higher pre-operation capital cost but lower costs during operation
and will have much lower final decommissioning costs than most management
concepts.
BASIC DESIGN CONCEPT
The Key Lake tailings and waste water control system consists of the
following sub systems.
Tailings Management Facility
This is an entirely man made containment for the tailings intended to
isolate the environment from the tailings and all associated waters
during operation and after decommissioning.
This containment has a
complete underseal of bentonite and impervious embankments on all sides.
Over the bentonite seal is a sand bed containing a complete underdrainage
collection system to intercept and collect all downward movement of
water.
In the east embankment of the containment is a sand zone containing a
collection system to drain off all waters from the surface of the
tailings as they are deposited. Both of these water collective systems
lead to a pumping system that returns the water to the treatment plant in
the mill complex.
The tailings are deposited from the western embankment in a thin sheet of
high solids slurry. This technique allows rapid drainage of the water
from the solids without stratification of the particle sizes. This layer
of solids rapidly consolidates to a high density bed having very low
permiability to downward water movement.
Treatment Plant
The solids after leaching and washing are treated with lime then pumped
to the tailings facility.
The waste liquids after recovery of uranium are treated with lime to pH 7
to precipitate all metals and arsenic. This precipitate is settled in a
thickener to a heavy slurry which is pumped to the tailings facility.
The clear solution is treated with barium chloride and limed to pH 11.
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This precipitates the radium and any remaining arsenic as barium and
magnesium complexes. This precipitate is thickened and then sent to the
tailings facility.
The clear water is neutralized to pH 6.0 - 7.0 with sulphuric acid then
flows to monitoring ponds for assay clearance before release to the
environment.
Water Reservoirs and Monitoring Ponds
There are two reservoirs side by side for storage of contaminated water
for use or treatment. The area under the reservoirs has a bentonite seal
covered with sand containing a drainage system.
The individual
reservoirs are lined with very heavy polyethylene. This liner is the
main water containment however if any leaks should develop in the liner
the water would be collected by the drainage system and recovered.
The treated water monitoring ponds are polyethylene lined basins for
storage of treated water while awaiting analysis.
These ere discharged to the environment or are recycled for additional
treatment based on the individual analytical results.
Monitoring Program
A comprehensive environmental monitoring program has been developed to
ensure that this system is having no adverse environmental impact. The
main areas of monitoring are, flow and water quality of the underdrainage
in the tailings facility, ground water level and quality beneath and
beside the tailings area, water flow and quality from the reservoir
underdrainage, ground water level and quality beneath the reservoir area.
COMMISSIONING AND EARLY OPERATION
A number of factors before and during the initial start up of the
operation resulted in a large accumulation of contaminated water mainly
from dewatering of the open pit mine in the tailings management area and
in operating of the water reservoirs at or above safe levels. This high
water level resulted in the accidental over topping of reservoir No. 2
(tailings water return reservoir) and the severe eroding of a portion of
the western containment wall of this pond. The clean up of this spill
incident resulted in the transfer of even larger volumes of water to the
tailings management area.
To overcome the problems caused by this large amount of water in the
tailings area an internal berm was constructed in the tailings management
facility to prevent deposit of tailings beneath the water pool. A
special ion exchange plant for removal of radium was constructed to
increase the capacity to treat contaminated water. The surplus water had
all been removed within 14 months and tailings deposit patterns were
approaching design conditions.
CURRENT CONDITIONS AND MONITORING RESULTS

The system is currently being operated as designed with results that
closely approach the predicted.
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The monitoring program has shown no ground water contamination under or
around the tailings management area or the reservoirs. Even the small
lake that received the impact of the spill from the failure of No. 2
reservoir has returned to pre-operation condition.
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RADIOACTIVE WASTE MANAGEMENT IN OECO COUNTRIES
NATIONAL PROGRAMMES AND JOINT ACTIVITIES
J.-P. Olivier
Nuclear Energy Agency
Paris, France
Fourteen out of the twenty-four OECD Member countries are going to have
by the year 2000'between 11 and 80X of their electricity generation
provided by nuclear energy. For most of these countries, the
development of a national plan for the disposal of the resulting
radioactive waste 1s essential. Indeed the continued or increased
generation of nuclear energy is often made conditional on a "convincing
demonstration" of the technical feasibility and long-term safety of
disposal options. This paper will first briefly review the main
features and timetable of the most advanced OECD Member countries, in
the management of both low level short-lived waste and high level and
spent fuel long-lived waste, with emphasis on safety aspects and the
main options and policies adopted at national level.
The main part of the paper will be devoted to international cooperation
in the field of radioactive waste management and particularly to the
programme of the Nuclear Energy Agency of the OECD which 1s conducted
under the guidance of the NEA Radioactive Waste Management Committee, a
standing Committee composed of senior experts and government
representatives. Although an attempt has been made to discuss practical
cooperation on the joint use of disposal sites by several countries and
the possible setting-up of International waste repository systems,
international cooperation has so far concentrated essentially on R+D
activities.
In the area of high-level waste and spent fuel disposal, intense
cooperation 1s now under way, particularly on the assessment of the
long-term safety of disposal options. It covers all aspects of deep
underground disposal on land and also the isolation of long-lived
radioactive waste in sediment layers under the seabed. The paper will
describe the work promoted by NEA and ICRP on long-term radiation
protection objectives for waste disposal, as well as international
cooperation on 1n situ research and Investigations such as within the
International Stripa Project, and on long-term performance assessment
studies. It 1s in this latter field that the NEA Radioactive Waste
Management Committee has decided to put the highest priority because of
Its technical complexity and also Its Importance from the public
acceptance standpoint. The NEA programme coordinated by the NEA
Performance Assessment Advisory Group will be presented notably with
reference to the setting-up of data bases, predictive modelling and
conducting intercomparison exercises for the validation of codes used in
system performance assessment.
Two specific data bases are developed by NEA with the assistance of its
Data Bank: ISIRS, the International Sorption Information Retrieval
System, compiling distribution coefficients Kds, and the Thermodynamic
Data Base on fundamental chemical thermodynamic values for use in
geochemical codes. Predictive modelling efforts are directed by the NEA
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Probabilistic Safety Assessment Codes Users Group, relying largely on
the development 1n a few countries of a SYVAC-I1ke methodology. Within
this group and also within HYOROCOIN (sponsored by the Swedish Nuclear
Inspectorate and NEA) verification and validation exercises are taking
place with the participation of up to twenty project teams. In
addition, other activities of a more general character such as
uncertainties and scenario Identification will be mentioned.
Apart from sea dumping operations and the associated safety studies, the
disposal of low-Jevel waste was approached purely on a national basis.
This topic was discussed only generically by the IAEA and NEA. Within
NEA a group of experts of the Radioactive Waste Management Committee has
recently completed a study describing a methodology for the derivation
of reference levels for the acceptance of long-lived radioactive waste
at shallow land burial sites. The main results of this work will be
presented.
Following the description of the above-mentioned activities, the paper
will conclude with some remarks on current R+D priorities and the role
of International cooperation in building confidence 1n the waste
management field.
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PROGRESS ON DEVELOPING LOW LEVEL WASTE MANAGEMENT FACILITIES
M. Ginniff
Nirex, U.K.

Unavailable at time of Printing.
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OVERVIEW OF THE FRG ACTIVITIES ON SPENT FUEL DISPOSAL
K. D. Closs
Kernforschungszentrum Karlsruhe (KfK)
P.O. Box 36 40
7500 Karlsruhe, FRG
K. Einfeld
Deutsche Gesellschaft fur Wiederaufarbeitung
von Kernbrennstoffen (DWK)
Hamburger Allee 4
3000 Hannover 1, FRG

By the end of 1985, nuclear power plants with an overall capacity of
about 17 GWe were in operation in the Federal Republic of Germany,
contributing wore than 30% to the total supply of electricity. It is
expected that 25 to 30 Gtfe of nuclear capacity will be on line by the
turn of the century.
Reprocessing is the reference waste Management route for LVR's in the
FRGi and more than 20 years of experience exist with this technology
in our country. In February 1985 DWK, a company jointly owned by all
German utilities operating nuclear power reactors, decided to build a
commercial reprocessing plant at Wackersdorf/Bavaria with an annual
maximum throughput of 500 Mg spent fuel. In the meantime, the first
construction permit has been granted, and site preparatory work has
started. The cold and hot start-up of the plant is expected for 1993
and 1995, respectively. At the Gorleben salt dome in Lower Saxony exploratory shaft sinking works have begun, and operational start-up of
the first German repository for heat producing nuclear waste is foreseen for the turn of the century.
Spent fuel disposal without reprocessing has been under investigation
in the FRG since 1979. Up to now, technical concepts for this waste
management route have been developed, and technical feasibility has
been demonstrated in principle. Moreover, a safety related comparison
of the two waste management options with and without reprocessing has
been performed, the results of which show that direct disposal of
spent fuel has no significant advantages in comparison to reprocessing. This formed the basis for a decision of the Federal Government
in January 1985 as to how to proceed with direct disposal. It was
stated that spent fuel disposal without reprocessing should be developed to technical maturity for those fuel elements for which reprocessing is technically not feasible or economically not justifiable. The
activities already initiated or planned in this area are highlighted
in the paper.
Conceptual engineering has been carried out under contract to DWK for
a conditioning and encapsulation plant enabling the encapsulation of
all kinds of spent nuclear fuel. This plant shall be built in Lower
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first step this plant will be used to demonstrate different conditioning and encapsulation techniques with a maximum annual throughput of
35 Mg of spent fuel. According to the present time schedule, the cold
and hot operation could start in 1992 and 1994 respectively. After a
demonstration period of some years the throughput of the plant could
be increased - if necessary and desirable - to 350 Hg/a.
As far as LWR spent fuel is concerned, two types of spent fuel packages can be manufactured in principle: Intact spent fuel rods, removed
from the fuel assemblies and consolidated in a close-packed array, can
be encapsulated in heavily shielded disposal canisters which are emplaced in the disposal tunnels of a repository. Holding the pins of 8
PWR spent fuel elements, such a package has, for example, an overall
weight of about 65 Mg, a length of about 5.4 m and a diameter of 1.6
m. Alternatively,, disassembled fuel pins can be cut into pieces of
about 1 m length and encapsulated in canisters which have the same
outer dimensions as the canisters for vitrified reprocessing waste, i.
e. approximately 1.4 m length and 0.4 m diameter. In this case the
reference disposal technique which is under development in the FRG for
vitrified waste, namely the emplacement of the canisters into 300 m
deep boreholes, drilled from the floor of the disposal tunnels in a
repository, could be used.
An extensive demonstration and test program on a 1:1 scale is under
preparation to demonstrate the safe and reliable handling of both
types of canisters in a repository and to investigate special thermal
and rock mechanics aspects of the tunnel emplacement concept. Most experiments are performed in the ASSE salt mine, the German H&D Underground Laboratory. The following major tests are planned:
1.

Above ground simulation of the shaft transport of heavily
shielded canisters, i. e. demonstration that payloads of up to
80 Mg can be lowered safely into a repository by using or adapting existing technologies.

2.

Design, construction and test of machineries for the transport
and handling of heavily shielded canisters in. a repository.

3.

Emplacement of electrically heated heavy canisters in disposal
tunnels, backfill of the void volume with crushed salt and study
of the consolidation of the backfill material with special emphasis on its thermal conductivity.

4.

Demonstration of the safe handling of small canisters loaded
with spent fuel by using the same technology which is under development for the disposal of vitrified reprocessing waste.

Besides these demonstration tests conceptual design studies will be
performed of different repository concepts for the disposal of spent
fuel as well as vitrified reprocessing waste. Afterwards an evaluation
of the different concepts will take place with regard to thermal and
thermo-mechanical near field and far field effects, aspects of radiological safety, costs etc..
All the investigations related to the repository are coordinated by a
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project group (PAE) at Karlsruhe Nuclear Research Center (KfK). Major
contributions to the overall program will be made by DBE (1), GSF (2),
BGR (3) and KfK. The main results of the program will be available
early enough to be integrated into the licensing procedure for the
Gorleben repository.

(1)

Deutsche Gesellschaft zum Bau und Betrieb von Endlagern fiir Abfallstoffe mbH (DBE)

(2)

Gesellschaft flir Strahlen- und Umweltforschung mbH (GSF)
Institut fur Tieflagerung

(3)

Bundesanstalt fiir Geowissenschaften und Rohstoffe (BGR)
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SITE INVESTIGATION FOR INTERMEDIATE AND HIGH LEVEL HASTE DISPOSAL
H. Issler, C HcCombie
National Genossenschaft fur die Lagerung Radioaktiver (NAGRA)
Switzerland

Unavailable at time of Printing.
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EVALUATION OF THE IRAD FLEXIBLE PROBE SONIC EXTENSOMETER
H. D. Glenn, W. C. Patrick,* N. L. Rector, and L. S. Butler
Lawrence Livermore National Laboratory
Livermore, CA 94550

The purpose of this study was to evaluate the IRAD flexible probe sonic
extensometer for use in long-term monitoring of rock displacement in the waste
disposal program. Failure occurred for a significant fraction of the
extensive array of instruments initially installed at the Spent Fuel Test Climax facility at the Nevada Test Site. Failure was attributed primarily to
the hostile environment to which the instruments were subjected.t-U The
principal advantage of this system is that the sonic probe is inserted in the
borehole only when readings are made and stored in a less hostile environment
between measurements. This system does use permanently emplaced magnetic
anchors, but they are sturdy and should withstand the environment in the
borehole. In addition, the anchors are not spring-loaded in the direction of
the borehole axis (as are other types of extensometers) and, therefore, are
not as likely to be affected by shock loading from blasting for excavation nor
by tension-induced creep. The IRAD flexible-probe sonic extensometer has the
potential to satisfy many of the requirements cited (2] f or sensors to
provide long-term monitoring of geotechnical parameters in nuclear waste
repositories.
To determine the system's inherent accuracy a performance analysis of the
electronic circuit was conducted followed by an accuracy check for both
distances and small displacements. Then, to simulate two of the more severe
aspects to which such sensors are subjected during the construction and
operating phases of a waste disposal facility, the systems' sensitivity to
strong shocks and temperature changes was tested.
The electron-circuit analysis indicated an accuracy of ±0.001 in. (0.025 mm)
that is limited primarily by the counter circuit. Other components of the
readout circuit (e.g., crystal oscillator, pulse generator and amplifiers)
gave consistently stable and reliable responses. A test bed was designed and
fabricated to check the ability of the sonic probe to measure accurately small
displacement of a magnetic anchor and the distance between two magnetic
anchors. The test bed was constructed of non-magnetic materials and the
accuracy check conducted in a thermostatically controlled laboratory to
eliminate or reduce extraneous effects on the measurements. Two sonic probes
used in these tests indicated reading accuracies of ±0.002 and ±0.003 in.
(0.051 and 0.076 mm) for a series of small displacements over the range of
±0.001 to ±0.050 in. (0.025 to 1.27 mm). Both probes indicated that the
readings for different distances between two magnetic anchors were
consistently low by 2% for this particular readout unit.
Sensitivity of the sonic-probe system to strong shock waves in granite was
investigated with a series of high-explosive tests in the Climax tunnel
complex at the Nevada Test Site. Five magnetic anchors were located in a
borehole, and three 50,000 g accelerometers were installed in separate
•Now with IT Corporation, in Carlsbad, NM.
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boreholes nearby. Peak radial accelerations of from 2,100 g up to about
32,000 g were measured after the detonation of single line charges that were
parallel to but at varying distances from the borehole containing the magnetic
anchors. Sonic probe readings of the distance between magnetic anchors were
taken before and after each line-charge detonation. Reading differences
generally fell within the inherent accuracy (10.002 in. [0.051 mm]) for the
sonic extensometer that was used. However, we recommend that the magnetic
anchors not be subjected to acceleration in excess of 10,000 g. This
recommendation is made more in the interest of avoiding damage to the
boreholes than possible damage to the magnetic anchors.
A temperature bath, which incorporated the test bed used in the displacement
accuracy tests, was designed and built to check the sensitivity of the sonic
probe to temperature variations. Sonic-probe readings exhibited increases
with increasing temperature over the range of 20 to 50°C. The increase in
sonic-probe readings is attributed to a decrease in the probe's sonic velocity
with increasing temperature. Correction factors for the temperature
dependence of the probe were obtained for four different segments of the
probe. Although the linearly weighted average for the correction factor of
4.05 x 10~6 in/in.»°C was obtained for6 those four segments and was well
within the limits of 3.6 to 5.4 x 10~ in./in.-°C cited by the manufacturer,
the correction factor for the last two segments exceeded those limits.
Recommendations are made for increasing the accuracy and performance of the
IRAD sonic extensometer and other studies are suggested to supplement the
present report.
Our present study indicates the IRAQ flexible probe sonic extensometer has:
an accuracy of 10.002 in. (0.051 mm) for small displacements, stable and
reliable electronic circuit, insensitivity to strong shocks in excess of
10,000 g, and a definite sensitivity to temperature changes that varied
outside the manufacturer's limits along its length.
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MECHANICAL AND THEBMOMECHANICAL BEHAVIOUR
OF LAC DU BONNET GRANITE:
SOME LABORATORY OBSERVATIONS
A. Annor and R. Jackson
CANHET/AECL
c/o 555 Booth Street
Ottawa, Ontario
K1A 0G1
As part of the Canadian Nuclear Fuel Waste Management Program
(NFVMP), Atomic Energy of Canada Limited (AECL) plans to carry out a number
of underground in situ experiments. An Underground Research Laboratory
(URL) has been designed and constructed for such experiments near Pinava,
Manitoba, in the Lac du Bonnet batholith. Included in the proposed studies
are in situ geotechnical experiments to assess the capability of numerical
models, using scaled laboratory rock properties data, to predict rock mass
response to temperature and stress loading(l). Verification of such an
approach would permit a reduction in the in situ geotechnical testing
required to assess potential disposal vault sites.
Over the past few years, the Canada Centre for Mineral and Energy
Technology (CANMET), in conjunction with AECL, has carried out laboratory
investigations of rock properties on samples from the Lac du Bonnet
batholith and from other research areas in the NFVMP. The primary
objectives of these studies have been to provide data and data
interpretations for vault design and geosphere modelling activities.
This paper discusses the mechanical and thermomechanical behaviour
of Lac du Bonnet granite based on laboratory observations. It is expected
that the information provided will be useful in planning URL experiments and
also in interpreting results obtained from other studies of the Lac du
Bonnet formation.
The rock type at the URL site varies from a pink granite in the
upper regions to a zone of greenish-grey granite, and then it gradually
changes to a grey granite at depth (2). Differences noted in strength and
deformational properties conform to these variations. The unconfined
mechanical properties are summarized in Figure 1. The results show trends
of decreasing compressive strength, compressive wave velocity, and Young's
modulus, and increasing Poisson's ratio with increasing depth.
In terms of rock behaviour with temperature and pressure,
investigations have so far been limited to pink granite samples obtained
from the proposed operating levels of the URL (50 m to 260 m depths). The
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test results indicate that temperature levels of up to 100°C do not have a
significant effect on strength and deformational properties (see figures
2(a) and (b)). However, about a 10% reduction occurs in these properties
between 100°C and 200°C in tests conducted with low confining pressures
(below 5 MPa).
Studies on the coefficient of linear thermal expansion on Lac du
Bonnet samples under controlled conditions of temperature and pressure
suggest multiple stages of linear expansion (see figures 2(c) and (d)). Two
linear expansion temperature ranges are joined by a variable nonlinear
transition range. The first stage, shown in figure 2(d), exhibits a
markedly lower apparent coefficient of thermal expansion than that observed
in the second stage. This can be attributed to expansion into microfractures, pores and other discontinuities. As voids are filled, the specimen
enters the transition range, after which the apparent coefficient of thermal
expansion is greater. The extent of each range depends on the level of
applied stress. The variable transitional range occurs between 80°C and
125°C for the Lac du Bonnet granite(3, 4 ) .
On the basis of the laboratory studies carried out on the Lac du
Bonnet granite, the experimental observations suggest the following:
1. The grey granite may be susceptible to stress relaxation when excavated.
2. Apparent thermal expansion in the near field zone may not be detectable
due to expansion into discontinuities in the rock mass, at temperatures
below 100°C.
3. Laboratory scale testing, to date, indicates that microfractures, on a
matrix level, significantly affect thermal expansion behaviour,
especially up to the transition range of 75°C to 125°C. While it seems
probable that gross discontinuities will perturb thermal elongation, the
contribution of microfractures to this effect, if not taken into
consideration, may cause considerable divergence between predicted and
measured displacements.
This suggests that sensors for the URL in situ experiments should
be selected to take into account the low expansivity of the rock during the
initial stages of heating. This information should also be taken into
consideration during the interpretation of the in situ test results.
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TESTING OF METHODS AND EQUIPMENT
FOR DEEP BOREHOLE STUDIES

Timo A'ikas
Saanio & Laine Ltd
Mechelininkatu 15 B
00100 Helsinki, Finland
Anneli Nikula
Industrial Power Company Ltd
Veijo Ryhanen
Industrial Power Company Ltd
In 1983 the Government of Finland set in its decision in principle /1/
the general objectives to be observed in carrying out activities and
research work in the field of nuclear waste management. The producer is
responsible for the management of nuclear waste including the final
disposal. The producer shall study the possibilities of delivering the
spent fuel irretrievably abroad, and in case agreements for such
arrangements do not exist, provisions shall be made for the final
disposal in Finland.
Industrial Power Company Ltd (TVO) operates two 710 MWe power plant
units in Olkiluoto on the west coast of Finland. TVO will carry out
research work for the final disposal of the irradiated fuel of the
Olkiluoto power plants
An important part of this work is the site
selection program. TVO's site investigation program aims to site
selection by the end of the year 2000.
The site for final disposal will be selected on the basis of preceeding
investigations. The objective of the investigations is to collect
sufficient data for the characterization of potential areas. The
investigations for the site selection progress in three stages according
to following schedule:
- 1981-85; Selection of potential areas for field investigations
- 1986-92; Preliminary field investigations on 5-10 areas
- 1993-2000; Detailed field investigations on 2-3 areas
During the years 1983-85 preparative work for the execution of
preliminary field investigations was carried out. The purpose of this
work was to ensure that the ability for all the measures including
investigations and operations in the field, interpretation of results
and reporting exist when starting the actual investigations. The
starting point was that investigation methods should be reliable and
represent proven technology.
Typical for the site investigations is the need to obtain data from
considerable depth in bedrock. This requires equipment which are able to
operate under a great hydrostatic pressure in slim boreholes. Techniques
to meet this requirement were not in common use in Finland. Also the
fact that the most essential fields of coming investigations would be
hydrology and hydrogeochemistry increased the need for preparation of
abilities. The data of these investigations in deep boreholes was
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The testing of methods and equipment was carried out during 1984-85 in a
1001 m deep test borehole. The borehole was drilled using core drilling
method at Lavia in western Finland. The diameter of the borehole is 56
mm. The borehole situates on the north eastern margin of a large (15 x
10 km) granite intrusion (Fig. 1). Dioritic inclusions and deformed
zones are found in the vicinity of the borehole site. The area is well
outcropped.
THE TEST PROGRAM
For the planning of the test program an inventory of Finnish investigation resources and equipment was made and foreign experience gathered.
Also literature studies of different fields of investigations were made
concerning the methodology, equipment and interpretation. The test
program and time schedule is presented in Fig. 2. In addition to tests
in the borehole, geophysical surface measurements and geological
fracture mapping were included in order to obtain reference data.
The flushing water for the core drilling was taken from a well drilled
at 200 m distance from the borehole site. During the core drilling an
accurate record of the water pumped into the hole and j-eturning water
was kept. A total amount of 500 m water was used. 370 m, of this amount
remained in the surrounding bedrock. The flushing water was labelled
using Nal-solution. The content of iodide varied between 5000-7000 ug/1
/2/
Geophysical borehole measurements /3,4/ were made using electrical,
radiometric and seismo-acoustic methods. Also temperature, salinity of
borehole fluid and caliper were measured. The determination of hydraulic
conductivity was made in 30 m sections using straddle packer equipment.
The type of test was constant head injection-recovery test /3/.
Piezometric measurements were interrupted after a few weeks due to
technical failure in equipment. However, a trend of differences in
hydraulic head was possible to conclude /6/.
Groundwater samples were taken in three stages mainly at five depths in
the borehole. A section of 5 m was separated with packers from the rest
of the borehole. The sample was pumped to surface with a down-hole
membrane pump. The water flowed on the surface through the array of
electro-chemical measurement cells (0^, conductivity, pS", Eh, pH). The
collector of gas samples was included in this array.
Rock stress measurements were made to a depth of 500 m. The method used
was hydraulical fracturing. An experiment to study the possibilities to
use vertical seismic profiling in crystalline environment for the
location of discontinuities like fractured zones was also carried out to
a depth of 500 m.

RESULTS AND CONCLUSIONS
Except the clusters of fractures the bedrock in the borehole is very
intact to a depth of 4-50 m (Fig. 3). At a depth of 450 m exists
mylonitic zone which is highly fractured. Below this depth the rock is
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quite densely fractured with a few distinct highly fractured zones. The
hydraulic conductivity is usually below 1 • 10
m/s. However, hydraulic
conductivity correlates rather poorly with fracture frequency (Fig. 3).
On the other hand the tube wave results indicate that the greatest
values of hydraulic conductivity are attached to narrow clusters of
fractures /5/. If the the hydraulic conductivity were tested with a
shorter packer separation the distribution of greatest values (10
10" m/s) could be more limited.
Indications of the differences in hydraulic head distribution were
obtained In measurements of hydraulic conductivity. Similar results were
achieved from piezometric measurements. In the open borehole the head
difference between the lowest (below 850 m in borehole) and highest head
value (4-50 m in borehole) is at.least 8 m (water column). This indicates
that water flows downwards in the open borehole.
The temperature at the bottom of the borehole is 18.5
C. The
temperature gradient is 13,5 ° C/1000 m. However, the temperature does
not increase evenly but at a depth of 960-970 m there exists a sudden
"jump". Simultaneously the resistivity of the borehole fluid slightly
increases. This indicates that the downward flow leaves the borehole at
this depth. At this depth the hydraulic conductivity was at greatest 2.5
10" m/s. Below this depth the water in the borehole seems to be stable.
Electrical measurements reflect well the fracturing although the clues
of the hydraulically important properties are masked by the influence of
fracture filling materials. The electrical and radiometric measurements
describe well petrographic-mineralogical properties. The most part of
the borehole consists of granodiorite which is occasionally rich of
hornblende. Portions of granite and granitic veins can be distinctly
separated. Compared to macroscopic logging of the cores the geophysical
results give a better view of the lithological homogeneity
The groundwater sampling has been subject to several sources of errors;
(I)
(ii)

Large quantities of iodide-labelled flushing water remains
in the vicinity of the borehole,
The downward flow occuring in the borehole causes the
mixing of the groundwater from different depths.

14- 13
18 2
3
In this respect the results of
C/ C,
0/ H and H analyses can not
be considered reliable in describing of the residence time and formation
history of groundwater. The Nal content has varied in the results of
different samplings. Usually the content decreases during the pumping.
However, some peculiar results exist; the section 422-427 m had iodide
in the autumn 1984 below 700 ug/1, in the spring 1985 content of iodide
was 3700 ug/1 and in autumn 1965 1700 yg/1. This section has higher
potential compared to borehole and indicates that flushing water is able
to intrude without significant mixing to some distance outside the
borehole and cause serious contamination to sampling.

In spite of the disturbance in groundwater the samples can be considered
representative enough in evaluation of the general ionic composition of
the groundwater. The surface and bottom parts of the borehole are very
similar. The section 422-427 differs from the other sections (Fig 4 ) .
This is probably due to the flow condition in the borehole. Specific
conductivity is low in all samples indicating low salinity of the
groundwater. According to electrochemical measurements during pumping
the amount of dissolved oxygen is low and values of Eh are mostly
negative (Fig. 3). However, measurements of Eh contain some anomalous
features especially at the bottom of the borehole.
Analyses of trace elements like molybdenium coincide well with geochemical analysis of core samples. These results indicate that the water
samples represent local geologic environment.
The test borehole program has proven to be very valuable in preparations
for the site investigations. Experience has been gained not only from
methods and equipment but also from the organizing investigation
procedure and using Finnish and foreign contractors. Finnish research
institutes and universities have been closely attached to the program.
During the program TVO has started the development of equipment. The
device for groundwater sampling has been already in use during 1984-85.
Equipment for hydraulic testing has been built in 1985 and the tests of
this unit are in progress.
The test borehole has been of a great help In programming the
preliminary field investigations. The results obtained and difficulties
met have made it possible to lay emphasis on relevant factors according
to reliability and integrated use of methods.
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FIGURE 1. The location of the drilling site and the geological
surroundings. The precambrian bedrock is well exposed
on the area of the granite formation.
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1984
1.2.3l4.5.6l7.8.9fi0.11.12 1.2.3
DRILLING
• CORE DRILLING
• PERCUSSION DRILLING
TESTS IN BOREHOLE
• HYDRAULIC TESTS
• GEOPHYSICAL MEASUREMENTS
• GROUNDWATER SAMPLING
• PIEZOMETRIC MEASUREMENTS
• ROCK STRESS MEASUREMENTS
SURFACE INVESTIGATIONS
• GEOLOGICAL AND FRACTURE
MAPPING
• GEOPHYSICAL SURVEY

FIGURE 2. The test program and time schedule.

1985
4,5.6|7.8.9h0.11.12
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IN-SITU EXPERIMENTS IN FRACTURED GRANITE
M. Kumata, H.Kimura, K.Shimooka, A.IJaka.joshi,
S.Muraoka and H.Nakamura
Japan Atomic Energy Research Institute
Tokai-mura, I'Mraki-kenn, 319-11, Japan
INTRODUCTION
In-situ experiments have been carried out since 197S in several kinds of
rock such as propyiite, schalstein and granite by Japan Atomic Energy
Research Institute.
In-situ experiments in fractured granite were
started in 1983 as a three-year plan of research and developement of the
experimental techniques aimed at development of a site assessment methodology and to provide the data for the safety assessment of the disposal
of radioactive waste. At the test site of fractured granite, an experimental room was excavated for exclusive use and two heater tests, a
nigration test and several corrosion tests were performed.
EXPERIMENTAL ROOM
(iranite, of late Cretaceous age, was mainly composed of quartz, feldspar
and biotite with small amount of hornblende. A drift for the experimental
room was excavated from the ground level into the hillside, to a depth of
40 m under the summit of the hill. The size of the experimental room is 4
x 4 m and 20 m length. Many fractures were observed in the experimental
room. A fracture map of t'ne room is shown in Figure 1.
HEATER TEST
1) Smal 1 scale heater test at no fracture zone :
In order to know the thermal characteristics of the rock mass, a snail
scale heater test was performed in the rock where no fracture was found
using a single electrical heater as a heat source simulating high-level
radioactive waste. The measured temperatures in the rock around the
heater agreed with calculated ones based on the thermal data of the core
samples in the time dependent profiles. At Vie same time, permeability
tests and borehole television surveys were performed in the boreholes near
the heater.
2) Large scale heater test :
A large electric heater, 40 cm diameter and 150 cm length, was used to
simulate the thermal effects of a radioactive waste on the rock. A
borehole, 1 m diameter and 5 m length, was drilled with a boring bit of 1
m diameter in the room floor near the fracture zone.
Heat transfer in
the rock mass was disturbed at the fracture zone by the water flow.
Displacements associated with thermal expansion of rock were measured.
Small displacements were observed with irreversible movements on fractures
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near the heater.
Results of the permeability tests showed the closing of
fractures during thermal loading.
MIGRATION TEST
In order to develop the experimental techniques for the investigation of
the water f l o w and the n u c l i d e d i s p e r s i o n in the f r a c t u r e d g r a n i t e , Br~
was used as a non-sorbing t r a c e r .
From about 5 m above the c e i l i n g of
the room, 3r~ solution was injected into a fracture zone, an assemblage of
s e v e r a l f r a c t u r e s , which crosses the experimental room v e r t i c a l l y .
Breakthrough curves are shown in Figure 2.
The single fracture m o d e l ' ' '
was adopted to analyze the Sr~ migration.
Calculated results are also
shown in Figure 2.
I t was found that the migration behavior at t h i s test
s i t e was explained by t h i s model.

CORROSIOM TEST
In order to v e r i f y the d u r a b i l i t y of canister materials, i n - s i t u stress
c o r r o s i o n cracking t e s t s were performed at 75 CC using double U-bend
specimens of ten kinds of sensitized metal in a horizontal borehole on the
wal 1 of the room. Almost a l 1 the specimens showed the soundness t o SCC
except V-notched ones of Type 304L ss, Hastelloy C and Inconel 525 a f t e r
12 months.
FUTURE PLAN

Heater test with buffer mass will be continued for the assessment of nearfiled system performance. Geochemical and hydrogeological investigations
will be performed in deep boreholes.
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ROCK DISPLACEMENTS MEASURED DURING URL SHAFT SINKING
Thompson, P. M. & P. A. Lang
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba
ROE 1L0
ABSTRACT
The Underground Research Laboratory (URL) is an underground facility
constructed near Lac du Bonnet, Manitoba, in an undisturbed granitic
to assess the concept of safe disposal of nuclear fuel waste deep in
geologic formations11'. During the sinking of the URL access shaft,
displacement and total convergence measurements were made as part of
Construction Phase Experimental Program'2*.

being
pluton,
stable
rock
the

Construction was suspended at three separate locations during shaft sinking
to drill and instrument arrays of boreholes. These instrument arrays are
located at depths of 63 n, 185 m, and 218 m (225 m, 105 m and 72 m Above
Mean Sea Level (AMSL), respectively). The instruments were monitored when
shaft sinking resumed to measure the excavation-induced changes that
occurred. A typical URL Shaft Intrumentation Array is shown in Figure 1.
This paper discusses the rock displacement and convergence results from the
borehole extensometers and tape extensometers used in these arrays.
The borehole extensometers used were modified 15-m-long IRAD GAGE Sonic
Probe Multiple Point Borehole Extensometers (MPBXs). The most significant
modifications made were the following:
1.

Thermistors were installed at each anchor and at the borehole
collar to measure thermal changes along the instrument, to allow
for thermal corrections.

2.

A stainless steel flange was attached to each measurement head to
provide a firm non-slip reference point.

3.

The magnet reference tube vas modified to provide a non-slip screw
attachment to the reference head.

4.

A third C-clip was provided on the No. 4 and No. 5 anchors to
eliminate anchor slippage on these anchors located closest to the
blasting.

5.

The sonic probe transducer was left in the reference head between
measurement readings, as this was shown to enhance accuracy on
bench tests.

6.

A dedicated read-out cable was left attached to each transducer to
eliminate inaccuracies due to re-attachment of cables and different
cable lengths.
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The tape extensometer used was a SINCO Model 51855, which employs a proving
ring to accurately set tape tension, and connects to removable ball-type
reference points.
For the first 5 metres of shaft advance below an instrument array,
Measurements were made after each blast. Reading frequency was then reduced
to daily for the next 5 metres, and then to 3 times a week after that.
Instruments and cables were protected from blast damage by 6-mm-thick steel
plates. Extensometer measurements were made with a portable electronic
readout box. Thermistors were read using a digital multimeter. Once the
shaft timbers were extended past each instrument array, tape extensometer
readings were no longer possible due to inaccessibility and dangerous
conditions. The readout cables from the other instruments were then
installed in conduits and run to a common readout platform located in the
hoist counterweight compartment. These platforms were used from then on to
take instrument readings whenever necessary, without affecting activities at
the shaft bottom.
The HPBX results indicate that rock displacements in the walls of the URL
shaft ranged from approximately 0.1 to 1.8 mm, depending on location, stress
field, and rock conditions, particularly the presence or absence of joints.
A typical plot of displacement versus time showing excavation advance and
rock temperatures is shown in Figure 2. Generally the displacements reach a
plateau value after about 7 to 10 metres of shaft advance. A slight
secondary increase in displacement values occurs with time, after the shaft
has been excavated beyond the point where excavation has any further effect
on displacement. This is due to the thermal expansion of the rock around
the shaft, which is heated from the ambient temperature of approximately 8°C
to about 12°C by ventilation air.
The tape extensometer convergence measurements are quite erratic due to air
temperature fluctuations, the fact that instrument readings are operator
sensitive, and the small displacements being measured. The results of both
HPBX and tape extensometers are summarized and compared with numerical model
predictions of excavation response.
The displacement instrumentation chosen for URL shaft sinking has some
merits including ease of installation and a relatively low price. However,
the small displacements measured indicate that future displacement
instrumentation used at the URL should have greater sensitivity and accuracy
to better measure such small changes.
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Figure 1: Typical URL Shaft Instrumentation Array
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A SIMILARITY SOLUTION FOR COUPLED DEFORMATION
AND FLUID FLOW IN DISCRETE FRACTURES
By
Ananda M. Wijesinghe
Lawrence Livermore National Laboratory
P.O. Box 808, Mail Stop L-202
Livermore, California 94550.

Excavation response experiments are performed within nuclear waste
repository development programs to characterize the response of the rock
mass to the excavation process. The information acquired in these
experiments is used to design for and evaluate the long term structural
integrity of the vaults when subjected to mechanical and thermal loads
during the period of excavation and after emplacement of nuclear waste.
An equally compelling reason for performing these experiments is to
measure and assess the impact of the stress changes induced by the
excavation process on the hydraulic conductivity of the fractures and
joints in the rock formation. Usually, it is assumed that the stress
redistribution resulting from excavation is not significantly altered by
fluid flow within the fractures and joints although their conductivities
may change significantly. On the basis of this assumption, excavation
response experiments focus on displacement and rock stress measurements
without regard to simultaneous fluid pressure or aperture measurements
within the rock discontinuities. This assumption would be valid only if
the changes in the fracture fluid pressure are not comparable to the
stress
changes
in
the
rock and if the deformability of the
discontinuities is insensitive to the fluid pressure changes that do
occur. However, it is possible that the fractures would initially drain
very quickly and that the fluid pressure changes in the vicinity of the
excavated surface would thereafter be small and unimportant. We believe
that the fluid pressure changes typically induced by excavation are of
sufficient magnitude to be significant irrespective of whether the
changes are fast or slow, but that the rapidity with which the fractures
drain would determine whether it would be possible to detect and measure
these changes.
To assess the feasibility of detecting and measuring these transient
aperture and fluid pressure alterations it is necessary to have some
reliable means of solving the highly nonlinear
coupled
partial
differential equations governing the deformation and fluid flow in rock
masses with discrete fractures. Although complex computer codes capable
of solving these equations are available, reliable solutions for simple
fracture configurations are not available for verifying the predictions
of these codes, for rapidly making scoping and design calculations, and
for interpreting pressure test data for fracture properties.
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A semi-analytical similarity solution for coupled deformation and fluid
flow in a single uniform plane fracture draining at constant pressure at
a free surface was developed to meet these needs, and is presented in
this paper. The fracture is infinitely long and is located, as shown in
Figure (1), normal to the free surface in an impermeable, semi-infinite
rock mass subject to uniform far-field stresses. The fracture was
allowed to drain suddenly at constant pressure at the free surface from
an initially uniform state of pressurization. The governing second-order
partial differential equation was solved first by transforming it into a
second-order ordinary differential equation through
a
similarity
transformation
of the independent space and time variables. The
boundary-value problem governing this second-order ordinary differential
equation was solved as an initial-value problem for two coupled firstorder ordinary differential equations using an iterative shooting method
to satisfy the far-field boundary condition.
The solution was computed for cubic-law fracture conductivity and
constant
normal stiffness modulus constitutive relationships. The
fracture aperture and pressure distributions obtained exhibit strong
nonlinear dependence on the amplitude of the pressure drawdown and
significant departures from the closed-form analytical solution obtained
for constant fracture conductivity. For example, the dimensionless
aperture w(n) (ie. current aperture/initial aperture) distributions
obtained for cubic-law and constant fracture flow conductivities are
plotted in Figure (2). These curves are plotted as a function of the
similarity variable rr x//(Dt) and were computed for the case when the
drawdown pressure yields a dimensionless aperture at the free surface
equal to 0.1. Generally, variable fracture conductivity yields larger
aperture and pressure gradients confined to a smaller region in the
neighborhood of the draining boundary. Also, at a fixed location on the
fracture, the aperture and pressure changes are first felt and achieve
their final values much later than in the case of constant fracture
conductivity. Furthermore, in contrast to the behavior for constant
fracture conductivity, the flow rate at the draining boundary becomes
nearly independent of pressure drawdown when the aperture at the
draining boundary decreases below about half its initial value. Full
details of these results will be presented in the paper.
Because of its similarity form, this solution provides a compact and
convenient means of quantifying the effects of coupled fluid flow and
deformation in this simple fraoture geometry. More generally, it can be
used, as illustrated through examples in the paper, to estimate whether
experiments can be designed to detect and measure the transient fracture
aperture and pressure changes that would occur in more
complex
situations. The general solution methodology developed here can be
applied to obtain solutions for more general constitutive
laws,
different boundary conditions and problem geometries.
Work performed under the auspices of the U.S. Department of Energy
the Lawrence Livermore National Laboratory under contract number W-y
ENG-18.
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STRUCTURAL DISCONTINUITY MAPPING BY
GEOPHYSICAL METHODS
N.M. Soonawaia and J.6. Hayles
Atomic Energy of Canada Limited
on secondment to
GeolopicaI burvey ot Canada
601 Booth Street, Ottawa. K1A 0E8
To assess the concept of geological disposal of high-level nuclear
waste in plutonic rocks, it is necessary to know the location of major
discontinuities in the rock mass, since they are the principal
pathways for the movement of groundwater. Geoscience research carried
out by Atomic Energy of Canada Limited has shown that there are two
major categories of discontinuities: those with very steep dips that
Intersect the surface at a high angle, and those with relatively low
dips that intersect the surface at such a low angle that they often do
not have an obvious surface expression. Geophysical surveys used to
identify steeply dipping discontinuities that intersect the surface
are described in this paper.
Borehole geophysical logging, and measurement of rock properties on
core samples as well as outcrop, have demonstrated that the
resistivities and magnetic susceptibilities associated with
discontinuities are lower than those In the surrounding Intact rock.
This may cause anomalies In the very low frequency electromagnetic
(VLF-EM) and magnetic fields, which can be measured by VLF-EM and
magnetic surveys. The survey results can be analyzed and Interpreted
to determine the position and, in some cases, the dips of the
discontinuities.
Overburden deposits significantly affect the results obtained from
most geophysical surveys. All electrical surveys are affected because
overburden materials can often be highly conductive, and in the case
of magnetic surveys, overburden effectively Increase the distance
between the bedrock (effectively the source of the field) and the
sensor. Seismic refraction surveys may be used to estimate overburden
thickness, to correct for this factor in the interpretation of VLF-EM
and magnetic survey data.
Figure 1 shows the results of VLF-EM surveys carried^out In the
Atlkokan Research Area over a survey grid about 4 km in extent. The
conductors defined by using three different
sources of VLF-EM energy
are shown. Conductor axes AA' to II1 were detected using VLF station
NAA, and axes JJ' to 00' were detected with station NSS, while PP* was
mapped with a local transmitter. Many of these conductors may be due
only to overburden; however, drilling, regional geological mapping,
and airphoto lineament analysis Indicate that the major conductors,
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e.g. AA'/HH1 and BB1, are caused either directly or Indirectly by
discontinuities In the bedrock. Conductor AA1 extends for more than 2
km and extends outside the map area at either end. Its southern
extension Intersects the surface projection of borehole ATK-8, also
shown In Figure 1 . Within this borehole, a significant discontinuity
was Intersected at a downhole length of 150 m. I t Is evident that AA'
can be the surface projection of this discontinuity I f I t s dip Is
westerly. Modelling, using magnetic and overburden-depth data,
confirmed this Interpretation. The plot of the magnetic f i e l d shows
that high values correspond to areas free of VLF-EM conductors, which
agrees with the fact that relatively fresh, unaltered rock has a
higher magnetic susceptibility than weathered rock.
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SENSITIVITY STUDIES OF THERMAL AND MECHANICAL
PARAMETERS OF BASALT

W. W. Chen
I. J. Dempster

Rockwell Hanford Operations
P.O. Box 800
Richland, Washington 99352

PURPOSE
Exact values of thermal and mechanical properties of the basalt
rock mass generally cannot be accurately determined even under
precisely controlled experimental conditions. A knowledge of
these properties is essential in predicting the rock mass behavior
around underground high level nuclear waste (HLW) repository openings.
Therefore, sensitivity studies have been performed using finite
element analysis to determine the relative importance of uncertainties
in these parameters. Results of such studies will be utilized
in the continuing design and analysis effort, in the planning of
future in situ tests, and in evaluating the importance of test
parameters and their required degree of accuracy.
METHOD OF ANALYSIS
Quantifications of temperature and stress histories around waste
emplacement boreholes for variations in mechanical properties,
thermal properties and borehole spacing were developed by means
of finite element analyses. This information establishes the
significance of rock mass parameters on individual design
parameters for use in future engineering studies, and provides
a basis for planning future laboratory and field testing programs.
A two-dimensional finite element model of a single borehole in
an infinite rock medium was constructed. The consolidated spent
fuel waste form (CSF) was modeled as a volumetric heat source with
an initial heat load of 2.2 kW and decayed to 0.05% after 1000
years.
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The optimum model size was determined by varying the size of the
mesh and repeating the analysis until the temperature differential
near the far-field, outer boundaries became insignificant. A
transient thermal analysis was then performed using the ANSYS
finite element codetlJ to determine the temperature distribution
around the surface of the borehole. The elements representing
the waste form were then removed.
The transient temperature distribution on the borehole surface
was used as input to perform thermal/mechanical analyses using
meshes representing both a single borehole and multiple boreholes.
Sensitivity analyses of mechanical and thermal property variations
were then conducted. In addition, borehole spacing (pitch) was
varied using the multiple opening mesh to study the thermal/
mechanical interactions between heat sources.
RESULTS
Temperature distributions and stress histories resulting from
variations of thermal and mechanical properties were calculated.
Table 1 presents the temperature histories of a node at the very
near field of the borehole as a function of thermal parameter
variation.

TABLE 1. TEMPERATURE HISTORY WITH VARIATIONS
IN THERMAL PARAMETERS
Temperature (C °)

TIME k, P, c
(YRS.) NOMINAL
0
1
4
8
50
100
1,000

k*

k*

LOWER

UPPER

c*
LOWER

c*
UPPER

LOWER

UPPER

57.00

57.00

57.00

57.00

57.00

57.00

57.00

178.33

177.75

178.83

178.82

177.86

178.50

178.15

203.07

202.67

203.42

203.42

202.75

203.20

202.95

204.76

204.55

204.92

204.92

204.60

204.80

204.70

134.06

134.10

134.03

134.03

134.09

134.05

134.07

103.98

104.10

103.97

103.97

103.99

103.98

103.98

66.49

66.50

66.49

66.49

66.50

66.49

66.49

•Other parameters are nominal.

P*

P*
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These results indicate that thermal property variations have no
significant effect on temperature distributions throughout the
rock mass. There was a slight shift of maximum temperature on
the time scale, and a corresponding shift of maximum stress. This
shift occurs between 4 and 8 years. However, the impact of this
shift on the results of the analysis was judged to be insignificant.
The thermal/mechanical analyses of the multiple borehole model
yielded the following results. The peak temperature of a point
midway between two openings was reached at approximately eight
years following emplacement of the waste canisters in the
boreholes for all pitches considered. As shown in Table 2, the
principal stress histories indicate proportional variations with
the coefficient of thermal expansion and the modulus of elasticity
that is consistent with theoretical predictions^]. Variations
of Poisson's ratio indicate no significant changes in stress
histories. There were no significant interactions between adjacent
boreholes for the cases studied. This was an expected result since
all pitches exceeded the zone of influence of an excavationt^J.
TABLE 2. MAXIMUM PRINCIPAL STRESSES AT NEAR-FIELD NODES
FOR VARIATIONS IN MECHANICAL PARAMETERS
a

Lower

Upper

°Lower

"Upper

v

-71,.25
-83.95
-47..11
-54.36
2
M P a ••= 145 lbf/in

-96.65
-61.62

-60 .66
-41,.06

-107.2
-67.67

-83 .79
-54 .28

Node

Nominal

5
23
1

max (MPa)
Lower
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SAFE AND COMPACT STORAGE AND TRANSPORTATION OF TRITIUM AS
TITANIUM TRITIDE

J.M. Miller, W.J. Holtslander and W.R. Taylor

Atomic Energy of Canada Limited - Research Company
Chalk River Nuclear Laboratories
Chalk River, Ontario, Canada KOJ 1J0

SUMMARY
The development program carried out at Chalk River Nuclear Laboratories
(CRNL) on the immobilization of separated tritium from the heavy water
of CANDU reactors for storage or disposal has been completed. Included
in the program were the construction and operation of a laboratory
facility to handle, immobilize and package tritium for storage or
disposal, an investigation of the properties and release of tritium from
the metal tritides chosen to immobilize the tritium, and the design and
testing of a transport container for licensing as a Type B package.
Titanium metal has been selected for the immobilization and long-term
storage of tritium (Tz) because of the low equilibrium pressure of
tritium at normal storage temperature, ease of preparation of the metal
tritide, and the ability to recover the tritium, if required. The
sponge form of the metal was chosen as it was shown to react rapidly
with tritium at room temperature after a vacuum annealing procedure.
Although much of the development work was carried out using hydrogen and
deuterium, high specific activity tritium was also used to demonstrate
the immobilization techniques, and the methods and techniques required
for the safe handling of T 2 . Tests carried out with titanium sponge
contained in a prototype reaction vessel designed for use in the CRNL
Tritium Extraction Plant demonstrated a fast reaction (order of minutes)
between tritium and activated titanium sponge. The sponge in the vessel
maintained its activity throughout an 18 month test period as a number
of aliquots of tritium were added throughout this period.
The experimental program also demonstrated the chemical stability of the
titanium tritide under both storage and accident conditions. The
reactivity of titanium metal sponge and its hydride in air was
investigated by examining the effect of hydriding/dehydriding cycles on
particle size and the effect of particle size on the ignition
temperature. It was found that up to ten hydriding/dehydriding cycles
had little effect on the particle size of the titanium sponge, which
consisted originally of particles between 0.9 and 6.3 mm diameter. The
ignition temperature of titanium metal sponge ranges from 66O°C for
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6.3 to 9.5 mm diameter particles to 12O°C for particles less than 38 ym,
and for the hydrided sponge (H/Ti - 1.1) from 620°C for 6.3 to 9.5 mm
diameter particles to 15O°C for particles less than 38 ym. The movement
likely to occur during transportation of titanium tritide sponge was
simulated by subjecting a sample to four weeks on a wrist-action shaker.
This resulted in only approximately 10 vt% of the particles being smaller
than 38 ym. Titanium sponge samples with over 80 vt% of the particles
less than 10 ym are required for ignition in air at room temperature.
Leach testing of high specific activity titanium tritide samples at room
temperature has shown they are stable compounds in an aqueous
environment. There is a significant contribution from the tritium
adsorbed on the surface to the tritium release into the leachant (HTO)
and into the air atmosphere above the leachant (HT). A cumulative
fractional release of tritium as HTO of the order of 10
was obtained
after 100 days of testing of sponge samples with tritium/titanium ratios
up to TiT. g . The CFR of HT was 10~ - 10~ for the same test period
and samples. The release rate of both species decreases with time
perhaps due to a surface oxide (or hydroxide) being formed and/or a
decrease in the amount of surface-adsorbed tritium.
The titanium tritide storage and shipping packaging will contain up to
18.5 PBq (500 000 Ci) of tritium in 850 g of titanium sponge, and was
designed to the Type B (u) shipping requirements of the Canadian
Transport Regulations, that is, it must be accident proof. The
packaging consists of a stainless steel primary containment vessel of
about 6 L capacity which also serves as the reaction vessel for
formation of the titanium tritide, a flanged stainless steel secondary
containment vessel and a drum type overpack that provides impact and
fire resistance for the radioactive contents. The total mass of the
packaging is approximately 200 kg. The packaging has been subjected to a
number of tests. Both vessels have been proven to be helium "leak
tight", i.e. a leak rate less than 10
Pa«m /s, after 1 m drop tests.
Because the radioactive material generates a decay heat, temperature
profiles across the packaging have been established. The packaging has
been subjected to a "crush test", i.e. a steel plate of 500 kg has been
dropped from 9 m onto the side wall of the packaging. A 30 minute,
800°C kerosene open pit fire test will complete the tests for the
licensing requirements.
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IMPACT OF TRANSPORTATION CONSIDERATIONS IN THE
SELECTION OF LOW LEVEL HASTE REPOSITORIES
Dr. Ajit K. Bhattacharyya
Nuclear Engineer
Department of Environmental Resources
P.O. Box 2063
Harrisburg, PA 17120
Dr. P. K. Niyogi
U.S. Nuclear Regulatory Commission
Division of Risk Assessment
5650 Nicholson Lane
Rockville, MD 20852
Mr. R. Janati
Nuclear Engineer
Department of Environmental Resources
P.O. Box 2063
Harrisburg, PA 17120
The Commonwealth of Pennsylvania as the host state of the Appalachian
Compact has initiated the process for finding the preferred site for
locating a Low Level Waste (LLW) Repository. The first step in the
process has been to form a Public Advisory Committee, which, in turn,
with staff support from the Bureau of Radiation Protection of the
Commonwealth, has drafted an initial version of the Site Screening
Criteria^). During these deliberations, transportation issues were
recognized to be a specially important consideration. The selection
of the final depository site, albeit a very emotional and controversial
issue, must be guided by rational, technical and sociopolitical considerations.
Two signficant inputs to such a selection process are the cost and
risks for each individual site which in turn involves two functional
components i.e. performance of the depository itself and the transportation
of the waste from the generators to the site. Although the risk from
repositories has generated a considerable amount of interest and sensitivity,
transportation issues have generally not been highlighted. For example,
the site selection process for High Level Waste (HLW) for the Crystalline
Repository Concepts) have not considered transportation issues explicitly.
For HLW, with many generator sources distributed more or less uniformly
throughout the country, it is just possible that transportation risks
will be similar for all sites, and hence will not choose between them.
However, for LLW depositories where the host state has the responsibility
to select a site for the generators within the Compact, the situation
is quite different. For example, Pennsylvania has seven operating
reactors which, based on a 1984 Survey v3), shipped 71 percent of
LLW by volume (99 percent by curies). These reactors are sited at
discrete locations across the state so that total transportation risk
will be different for different site locations. A recent thesis
paper H ) has actually indicated that transportation risks are quite
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important in the site selection of the state; interestingly, nonradioiogical
component of the transportation risk has been found to be the dominant
contributor. However, it is not clear how transportation risk (an
active, short term, localized effect) should be "combined" (e.g. added
in a straightforward manner?) with depository risks which is more
of a chronic, longterm, and nonlocalized effect. Additionally, cost
considerations which admittedly play a secondary role, nevertheless
need be considered within the framework of the site selection process.
The subject paper will present a decision model where the relative
impacts of these various factors can be combined to yield a unified
and simple input to the overall site selection process Examples
of how such models can be exercised to aid reallife decisions are
provided.
REFERENCES
1. (Draft) Screening Criteria - developed for the Public Advisory
Committee with support from the staff of the Bureau of Radiation
Protection, Department of Environemtnal Resources, Commonwealth
of Pennsylvania; February 19, 1986.
2. Area Recommendation Report for the Crystalline Repository Project
(Draft), U.S. Department of Energy, Office of Civilian Radioactive
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3. (Draft) Pennsylvania Low Level Radioactive Waste Management Survey,
Pennsyvlania Department of Environmental Resources; to be published.
4. Marcus H. Voth - Determination of Optimum Alternative Low Level
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PREPARATIONS TO TRANSPORT, RECEIVE, AND STORE
THE DAMAGED TMI-2
Richard C. Schmitt and Harley W. Reno
Idaho National Engineering Laboratory
EG&G Idaho, Inc.
Box 1625, Idaho Falls, ID 83415
This paper addresses preparations for transporting, receiving, and storing
the TMI-2 core debris at the Idaho National Engineering Laboratory (INEL).
The March 1979 incident at Unit 2 of the Three Mile Island (TMI-2) Nuclear
Power Station resulted in severe damage to the core of the reactor. GPU
Nuclear (owner/operator of TMI) and the U.S. Department of Energy (DOE)
agreed contractually that DOE would accept the core debris for research and
interim storage, as well as eventual disposal at the Federal repository.
Under that agreement, GPU Nuclear defuels the reactor, provides canisters
for packaging core debris, loads canisters into the rail cask, and inspects/
certifies the package for compliance with applicable transportation laws
and regulations. DOE provides two newly designed and certified rail casks
and is responsible for the transportation, storage, examination, and disposal activities. Preparations for those activities began in early 1984;
operations will continue through completion in March 1988.
Operations begin when the NuPac 125-B Rail Cask (Figure 1), designed and
fabricated by Nuclear Packaging, Inc., is moved into the Truck Bay between
Units 1 and 2 of TMI, unloaded from its railcar, uprighted, secured to a
system of semi-permanent and removable support structures, and readied for
loading. Dewatered canisters containing core debris are retrieved individually from the A pool of Unit 2, using the Shielded Fuel Transfer Cask,
and loaded into the Rail Cask (Figure 2 ) . The Rail Cask is closed and
leak-tested per ANSI N14.5, after being loaded with seven canisters. It is
uncoupled from its support structures, loaded on the railcar, equipped with
energy-absorbing overpacks, and inspected/certified for transport.
The fuel, knockout, and filter canisters are similar, consisting of a
cylindrical pressure vessel encapsulating one of three internal modules,
depending on the function of the canister (Figure 3 ) . The pressure vessel
limits leakage of the contents and provides structural support for the
neutron absorbing materials. A reversed dish head is used for the lower
closure in all canisters, while design of the upper closure varies
according to the function of the canister. Physical characteristics and
structure features of canisters are listed in Table 1.

a. Work supported by the U.S. Department of Energy Deputy Assistant
Secretary for Reactor Deployment, Office of LWR Safety & Technology, under
DOE Contract No. DE-ACO7-761DO157O.
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Figure 1. Photograph of the newly fabricated NuPac 125-B Rail Cask, with
overpacks, at Nuclear Packaging, Inc., the designer/manufacturer.
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TABLE 1. PHYSICAL DIMENSIONS AND STRUCTURAL FEATURES OF THE TMI-2 FUEL
DEBRIS CANISTERS
Type of Canister
Parameters

Fuel

Filter

Knockout

Overall length (maximum)(cm)
(in.)

381.0
150.0

381.0
150.0

381.0
150.0

Outer diameter (nominal Hem)
(in.)

35.56
14.00

35.56
14.00

35.56
14.00

Canister contents

Up to
partial
fuel
assemblies

140 m
Small fines
0.5 to 840 um to gravel

Boral
sheets

B4C rod

B4C rods

3.44-6.41
215-400

2.17-6.90
169-431

3.40-7.40
212-462

Loaded canister weight (maximum)
- dewatered in air (kg)
(lb)

1336
2940

1336
2940

1336
2940

Empty canister weight (nominal)
- in air (kg)
(lb)

559
1230

655
1440

475
1046

Reversed
dish

Reversed
dish

Reversed
dish

Flat plate

Flat plate
with s k i r t
(welded
closure)

with skirt
(welded
closure)

C r i t i c a l i t y control
Debris density
(assumed)

Bottom head design
Top head design

(g/cm^)
(lb/ft3)

with skirt
(bolted
closure)

size

Flat plate
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Transportation of core debris from TMI to INEL complies with regulations of
the U.S. Department of Transportation, fulfills requirements stipulated by
the two rail carriers, and provides for double containment of Plutonium per
10 CFR 71.63. The double-containment feature of the NuPac 125-B Rail Cask
is unique among spent fuel transportation casks.
The Rail Cask consists of a stainless steel vessel within a stainless steel
and lead composite vessel (Figure 4 ) . Each vessel is closed with a leakproof lid and constitutes one level of containment by definition. The
inner vessel is composed of a hub and spoke arrangement into which fit
seven tubes, each large enough to accommodate a canister. One-inch-thick
stainless steel plates surround the inner components, with thick stainless
steel forgings on the ends. The spaces between the tubes and structural
components are filled with special neutron absorbing material. The outer
vessel is composed of two stainless steel layers, in between which is sandwiched a thick layer of lead for radiation shielding. Energy absorbing
overpacks protect each end of the cask. Each overpack consists of a stainless steel skin filled with compressible foam. The cask, including overpacks, is 280-inches long by 120-inches in diameter. The loaded weight of
the cask, including overpacks, seven canisters, and transport skid, is
about 200,000 lb.
The rail cask was designed, tested, and licensed in less than 18 months.
That achievement is attributable to (a) building a 1/4-scale model of the
cask to use in a series of drop-tests at Sandia National Laboratory (SNL);
(b) close cooperation between GPU Nuclear, DOE, NRC, NuPac, EG&G Idaho,
SNL, and numerous other contractors; and (c) willingness of NuPac to
dedicate its resources to designing, testing, and fabricating the Rail Cask
within the limits of an abbreviated schedule. Results of the drop-tests
were combined with analytical analyses in the Safety Analysis Report submitted to NRC as part of the licensing application for the cask.
Receipt and storage operations at INEL involve unloading the Rail Cask at
Central Facilities Area, transferring it from the railcar to a highway
transporter, and conveying it about 30 miles to the Hot Shop of Test Area
North. At the Hot Shop, the cask is transferred to an unloading stand,
where it is tested for internal airborne contamination, opened, and
unloaded remotely. Each canister is moved across the Hot Shop by an overhead crane, lowered into an underwater storage module on a mobile cart at
the bottom of the Vestibule, and refilled with water. After being loaded
with six canisters, the module is moved underwater from the Vestibule to
the Water Pit and placed in a predetermined position within the Storage
Rack. Each canister is fitted with passive vent system for removing radiolytic gases during storage.
The events and decisions in preparing for transporting, receiving, and
storing the TMI-2 core debris are of wide ranging interest to the nuclear
community. From start to finish, the design, fabrication, and delivery of
two Rail Casks and readying of facilities at TMI and INEL for transporting,
receiving, and storing the core debris took approximately one and one-half
years. That is a remarkable feat in light of historical data.
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THE IMPACTS FROM A MONITORED RETRIEVABLE
STORAGE FACILITY ON TRANSPORTATION
Gi W. McNair,
MRS Transportation Coordinator
Pacific Northwest Laboratory
Rich!and, Washington
The Department of Energy has prepared a proposal to congress that evaluates the need for and feasibility of a Monitored Retrievable Storage
(MRS) facility as an integral part of the nuclear waste management system. As part of the evaluation in support of this proposal, a series of
analyses have been performed to address the potential impacts of an MRS
facility on the transportation portion of the waste management system.
This paper will present a summary of the transportation analyses performed in support of the MRS proposal. The paper will compare the
transportation impacts of a system containing an MRS facility with a
reference system without an MRS facility. The effect of the following
variables on fleet requirements, cask miles, cost and risk were
analyzed.
Location of Repository
The waste management system analyzed in this paper consists of an MRS
facility located at one of three potential MRS sites within the state of
Tennessee and a single repository located at one of nine repository
sites. The analysis provided a comparison between shipments of spent
fuel directly to each of the nine repository sites and the corresponding
case involving the shipments through an MRS facility to the repository.
Disposition of Western Reactor Fuel
Approximately ten percent of the fuel generated that will be emplaced in
the first repository is generated at reactor sites within the states of
Arizona, California, Oregon and Washington. A key decision must be made
as to the disposition of this fuel. The transportation impacts for
shipping this spent fuel directly to each of the nine potential repository sites was compared with the impacts of shipping this fuel to an MRS
facility in Tennessee and then back to the potential repository sites.
Location of Overpacking Facility
A primary role of the MRS facility is to act as a centralized packaging
facility for spent fuel generated at various reactor sites. As part of
this packaging process the potential exists for the MRS to package the
spent fuel either in thin wall canisters that will be overpacked and
emplaced at a repository or package the spent fuel directly in the
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emplacement overpack and reduce the packaging operations at the repository. The results of this decision will have an impact on the
transportation requirements between the facilities. The capacity of the
transport cask will be greatly affected by the use of thin walled canisters or a much thicker emplacement package.
MRS-to-Repository Cask Size
The transport of spent fuel between two specialized dedicated facilities
(MRS and repository) allows for the possibility of increasing cask sizes
that may be handled at each facility. A specially designed cask to
interface between these facilities would allow for fewer shipments and
therefore a potential for cost and risk reductions. The analyses performed in this study evaluated the use of a standard 100 tonne rail
shipping cask and a large 150 tonne rail shipping cask between the MRS
and the potential repository sites.
RESULTS
The overall effect on the transportation system operations with an MRS
facility in the waste management system will primarily effect the management and control of the transportation operations, and the potential
for radiological exposure from transportation system operations.
Combining spent fuel from eastern reactors into fewer cross-country rail
shipments, which would originate and terminate at facilities controlled
by the DOE, would improve the management and control of these shipments. Planning would be simplified because fewer cross-country route
alternatives would be involved, with a single source and destination.
With fewer routes to consider, greater focus would be provided for
developing emergency preparedness plans, for training local officials to
respond to potential radiological accidents, for monitoring shipments,
and for responding to operational interruptions or emergencies. Reductions in total cross-country shipments would proportionately decrease
state and local preparations.
The risks from transporting spent fuel to the first repository for disposal would be very low with or without an MRS facility in the waste
management system. However, adding an MRS facility would slightly alter
both the magnitude and distribution of these risks.
The risk effects from spent-fuel transportation would be from both nonradiological and radiological factors. Non-radiological risks are measured in terms of fatalities and injuries from transportation accidents
that would occur regardless of the nature of the commodity being
shipped. With or without an MRS facility in the waste management system, truck and rail shipment of spent fuel would constitute a very small
fraction of the normal commercial-freight shipping mileage and would not
appreciably change the number of transportation-related fatalities or
injuries.
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Radiological risks are due to routine exposure to radiation from shipping the spent-fuel casks and potential releases from severe accident
situations. This type of risk is unique to the shipment of nuclear
material and is the reason that spent-fuel shipments are subject to more
stringent regulations and control than normal commercial freight.
Including an MRS facility in the waste management system would affect
both routine exposure and the likelihood of an accident occurring
involving radiological release.
Routine radiological exposure from shipping spent fuel in either truck
or rail casks would be primarily a function of the number of miles that
the individual cask travels. An MRS facility would reduce the mileage
that truck and rail casks containing intact spent fuel from reactor
sites would travel, but would increase mileage for large-capacity rail
casks containing consolidated spent fuel or assembly hardware. An MRS
facility would reduce total cask-miles for each repository location.
Table 1 summarizes the routine radiological exposures calculated for
moving 62,000 MTU of spent fuel to three candidate repository locations
with or without an MRS facility. The table shows that including an MRS
facility would reduce routine radiological exposure.
Table 1. Comparison of Routine Radiological Doe with and without
an MRS Facility (person-rems)

MRS Facility
No-MRS Facility

Repository
T u f f S a l t B a s a l t
5,250
5,650
5,400
14,600

10,000

15,800

Transportation cost comparisons between waste management systems with
and without an MRS facility are sensitive to assumptions about both cask
technology and the location of the first repository. Depending upon the
location of the first repository and the effective increase in cask payload for out bound casks compared to inbound casks, the MRS facility
could result in either a net increase or decrease in system transportation costs.
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AN HISTORICAL SUMMARY OF TRANSPORTATION
ACCIDENTS AND INCIDENTS INVOLVING
RADIOACTIVE MATERIALS
C.E. Coppin, Westinghouse/Joint Integration Office
P.O. Box 3150
Albuquerque, New Mexico 87190

The Radioactive Materials Incident Report (RMIR) database was
developed in 1981 at the Transportation Technology Center at Sandia
National Laboratories to support its research and development
activities for the U.S. Department of Energy (DOE). RMIR is now under
the management and direction of Westinghouse Electric Corp./Joint
Integration Office (W/JIO) in Albuquerque, New Mexico, and continues
to serve the overall research and development and operational transportation programs of the DOE.
This database contains publicly available facts about radioactive
materials transportation incidents since 1971. These data were drawn
from the Hazardous Materials Incident Report system of the. Department
of Transportation's (DOT) Material Transportation Bureau, the Nuclear
Regulatory Commission (NRCJ files, and from state radiological control
offices within the United States.
A brief discussion of the reporting requirements of the DOT and the
NRC will be provided and will be immediately followed by a brief
overview of how the terms "accident", "incident", and "handling
accident" are defined with relation to the data in RMIR.
The primary objective of this paper is to provide detailed
information on the nuclear materials transportation accident/incident
history in the United States for the period 1971 through 1985. Emphasis
will be placed upon the type of packagings that were involved in
acccidents/incidents, the mode of transportation used, and the
materials being transported.
RMIR represents the most complete compilation of information on the
transportation accident/incident data for radioactive materials. The
analysis of the RMIR data presented in this paper may be used to assist
in understanding the environmental impacts associated with the
transport of radioactive materials. Additionally, such analysis can
be useful in the evaluation and formulation of regulations governing
the safe transport of nuclear materials.
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THE PROJECTED IMPACTS OF TRANSPORTATION OF RADIOACTIVE MATERIAL TO
THE FIRST UNITED STATES REPOSITORY SITE - AN OVERVIEW
3. Cashwell, S. Neuhauser
Sandia National Laboratories*
Albuquerque, NM, USA

P. C. Reardon
Science Applications Inc.
Albuquerque, NM, USA
G. McNair
Battelle Pacific Northwest Laboratories
Richland, WA, USA

To support the selection of a site for the first United States commercial repository
for high-level wastes and spent reactor fuel, the U. S. Department of Energy is preparing
an environmental assessment (EA) for each of the potential candidate repository sites. As
specified in the Nuclear Waste Policy Act of 1982, these assessments will include studies
of the national impacts of the transportation of spent-fuel and high-level wastes to each
of the candidate sites. These EAs are currently scheduled to be released to the public by
approximately the end of calendar year 1985.
This paper summarizes the results contained in the report entitled, "A Cost and Risk
Analysis of National Impacts of the Transportation of Spent Nuclear Fuel and High-Level
Wastes to Candidate First Repository Sites."1 The results of this analysis are used as
input to the EAs. The relative national costs and risks of transportation to each of the
sites by shipping either directly from reactors and high-level waste generators to the
repository or through a proposed Monitored Retrievable Storage (MRS) facility are
discussed. To illustrate the relative impacts of transportation on each of the repository
locations both with and without an MRS, two detailed cases are discussed in this
presentation. The base case is defined to be the direct-to-repository case. An
alternative case in which an MRS is located in the southeastern US illustrates the relative
costs and risks of a centralized receiving-and-processing facility. In both examples, the
bounding cases for shipments out of the generators are defined to be the 100% truck and
100% rail alternatives. Transportation options from the MRS to the Repository analyzed
included 100-ton and 150-ton casks shipped by dedicated train. For the purposes of
bounding the impacts of these shipments, consolidated spent fuel that is either overpacked
or nonoverpacked was assumed to be transported in the 100-ton and 150-ton casks,
respectively.
Preliminary results of the analysis indicate that the radiological and nonradiological
risks of rail transport of spent-fuel and radioactive wastes are at least a factor of 20 less
than a similar risks for truck-transported shipments out of the reactors and
high-level-waste generators. The location of an MRS in the southeastern US, near the
geographic centroid of the waste-stream generators, lessens the impact of
repository-facility location upon the overall risk of transportation. The analysis indicates
that the consolidation of the spent-fuel at the MRS reduces the total number of shipments
from the MRS, thus reducing the transportation risk of shipments from the MRS on a per
This work performed at Sandia National Laboratories, Albuquerque, New Mexico
supported by the United States Department of Energy under Contract
DE-AC04-76DP00789
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assembly basis. This impact is further emphasized with the use of the large, 150-ton rail
casks. The effects of changes to the system parameters will be discussed in depth in the
full paper.
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OCEAN TRANSPORT OF LOW-LEVEL RADIOACTIVE WASTE OFF TAIWAN
C. Chung and C. M. Tsai*
Institute of Nuclear Science
National Tsing ftza University
Hsinchu 30043, TAIWAN R.O.C.
Owing to the rapid growth of nuclear facilities in the nuclear industry in Taivian, more and more radioactive waste is produced in this
island everyday. As Taiwan is densely populated, the radioactive
waste could be a serious hazard if not properly handled. Aicng
several alternatives for the final disposal of radioactive waste, in
particular low-level radwaste, ocean dumping will prcbably prove the
most feasible method. Until it is implemented, the low-level radwaste to be disposed of has been stored temporarily in a repository
located on the off-shore islet Lan-yu. Ocean transport of the lowlevel radwaste fran Taiwan to the Lan-yu repository is thus required.
Although low-level radwaste (LLW) may be generated in every phase of
the peaceful application of nuclear energy, the bulk of LLW is originated in nuclear power stations, m

this work, we select for study

a typical shipment of ILW fran the Chinshan Nuclear Power Station at
northern Taiwan, to the off-shore repository.
The solidified LLW containing activated waste, which are allowed to
decay en site for at least six months to reduce the activities of
short-lived radionuclides, is stored in the 53-gallon drum. The 288
LLW drums, each weighing about 340 kg with surface exposure rate up
to 5 mSv/hr, were loaded into 6 specially-designed LLW containers.
The containers were placed on trailers which in turn were towed by
tractors to the LLW handling harbor 18 km away. Lead blanket was
added to the outside of the LLW container if the exposure rate at a
distance of 2 meters exceeded 0.1 mSv/hr, the maximum allowable rate
imposed by the ROCAEC regulatiais for LLW transportation.
A 400 deadweight ton sea-going steel barge was contracted to ship the
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LEW containers to the off-shore repository at Ian-yu. The general
layout of the 100-foot steel barge is shown in Fig.l. Since the LLW
drums placed in the lower layer inside the container are well below
the waterline, only the surface exposure rates of the LLW drums placed
in the upper layer are shown in the figure. The steel barge loaded
with the LLW cargo and towed by two tugboats, left the handling harbor
and cruised along the east coast of Taiwan at a speed of 8 knots. The
distance to the LEW terminal harbor of the Lan-yu repository, which is
located 75 km from the southern tip of Taiwan, is 420 km.
Hie LLW containers were unloaded at the pier of the Lan-yu repository
once the steel barge decked. Containers were transported to the inspection point to check if there was any damage or radioactive contamination during transportation. After the inspection, the LLW drums
were stored in concrete trenches in the repository.
To ensure the safety of LLW ocean transport and survey the process in
detail, radiation exposure rates on board were measured and analyzed.
A total of 147 waterproof CaSO4:Ity thermoluminescent dosimeters (TLD)
were placed on board the steel barge and on the surface of the LLW
containers. Data from the TLD monitoring array can be used to map isoexposure curves on board and results are shown in Fig.2.
The environmental impact from the ocean transport of LLW off Taiwan
for both normal and accidental cases was estimated using computer
code RADSHIP-2 . The code combines local meteorological, marine
traffic, cceanographic, coastal population distribution, and material
factors to obtain the radiation exposure and latent cancer fatality
(LCF) rates for both workers and the public in normal and accidental
cases. Results of the calculation for the selected shipment of LLW
are listed in Table 1. The actual collective dose measured for all
32 contract workers during all phases of the voyage is 4.2 man-mSv,
or 25% of the conservative estimate from the code calculation. Even
when multiplied by the average annual shipnnents of 30 voyages, the
average dose equivalent received by each worker is 4 mSv/yr, which is
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far below the limit of 50 mSv/yr imposed by regulations.
Maxijnum LCF rates are listed for both contract workers and the public
in both normal and accident cases for the LLW shipment. If each contract worker is involved in ocean transport for 30 years, with 30 shipments each year, the maximum LCF rate is only 3%. This is far below
the probability of 27% of cancer induced by non-radiation related
causes in the same time period. The maximum LCF rate calculated for
the public exhibits even less impact since no more than 6 LCF cases
would occur every year among 100,000 people living along the designated
route; this is again well below the 900 cancers induced by non-radiation related causes during the same period.
Hie first shipment of LLW was sea-transported to Lan-yu repository on
N&y 19, 1982. There had been more than 110 shipments by the end of
1985. The safety record of LLW ocean transport, with more than 30,000
LLW drums and 25,000 nautical miles of sea-transportation cumulative
experience, is strikingly good. This is due to careful planning and
implementation, backed by detailed radiological assessment and excellent coordination among the organizations involved.
REFERENCE
•Present address:Radwaste Administration, Atomic Energy Council,
Republic of China, Taipei 10771, TAIWAN R.O.C.
1. User's Manual-of RADSHIP-2 for Radiation Safety Analysis in RadWaste Transportation, INER74TI-027/R57-09D2A-01, ROCAEC Taiwan (1986).
Table 1.

Total collective doses and l a t e n t cancer f a t a l i t y r a t e s

estimated for both contract workers and the public for LLW shipment.
\ .

mdiaticn

Ocodition ^ ^ x - ^ . ^ ^
Normal
Transportation

Contract Hbrkers
Collective dose
(mn-nSv)
16.7

Jhe Fiiilic

ra-

Collective dose
(iran-msv)

coon caae/30 workers

0.12

0.14 case/100.000 men

Axident without
radionuclide released

0.20

1.4xlO~5 caw/30 workers

0.16

0.20 case/100,000 men

Arcident with
radionuclide released

0.0004

2.8xlO~8 caae/30 workers

0.025

0.03 case/100,000 men
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Fig.l General layout of the 100-foot steel barge carrying 6 LLW containers.

Fig. 2 Contour map of iso-exposure rate on (A) deck level and (B) hatch
level of steel barge with unit of pSv/hr (0.1 mrem/hr).
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CHARACTERIZATION OF RADIOACTIVE WASTES INCORPORATED IN A CEMENT MATRIX
E.R. Merz, D. Dyckerhoff and R. Odoj
Institut of Chemical Technology
Kernforschungsanlage Jlilich, D-5170 Jlilich, FRG
The incorporation of radioactive material in cement mixtures is a commonly
used procedure for conditioning various kinds of low and medium active
waste streams, in particular such as liquid concentrates and sludges.
Cement has many favorable characteristics that have contributed to its
popularity /I/. The resulting solid products are non-combustible,
sufficiently radiation resistant, and exhibit reasonable mechanical
strength as well as chemical end thermal stability.
On the other hand, leachability of the solid cementitious waste forms is
one of the major criteria used in its evaluation. It is well known that
leach rates are element-specific. They are sufficiently low for some
elements like the actinides, cobalt, zirconium, etc. but are sometimes
unsatisfactorily high for the very important radioelements cesium and
strontium. Their leachability resistance can be improved by using for
example high-alumina clinkers instead of ordinary portland cement or by
mixing selected additives, e. g. zeolites, tuff, bentonite, etc., with ion
exchange properties, to make up the final composition. Another successful
means of reducing the leachability of cesium and strontium is to apply
polymer-impregnated concrete.
In order to learn more about the underlying mechanisms responsible for the
fixation of the radioelements, phase characterization studies have been
performed. The influence of the medium active waste composition, e. g. salt
load, complexing agents, etc., was investigated. Important parameters in
regard to cement hydration and reactivity are the degradation rates of the
phases C3A (tricalcium aluminate = responsible for settling of the
cementitious paste) and C3S (tricalcium silicate = responsible for the
product strength). They have been measured by applying x-ray diffraction
analysis (see Fig. 1 and 2 ) . As can be seen, CaO is a better reagent for
neutralization of free acid than NaOH.
Main interest was focussed on the question of whether cesium and strontium
show mineralization and thus improve their leachability resistance by a
molecular-disperse fixation. Initial analyses indicate that this is not the
case since they appear to be just more or less uniformly distributed in the
gelatinous filled pore spaces. Only in case of using high-silica cements
containing low-calcium (e. g. blast-furnace, argillaceous earth) may
part of the strontium be detected in separate discrete phases like calciumstrontium silicates. However, most of the strontium is precipitated out as
the hydroxide. This was proved by x-ray emission microscopy.
It could be shown that the improvement of cesium and strontium leach rates
is mostly due to sorption phenomena on selected additives, but more
important, on the degree of porosity of the cementitious products. In fact,
the leachabilities of the nuclides are essentially diffusion controlled.
Therefore, diffusion rates and porosities have been measured for the
different products and the prevailing mechanisms derived for the short and
long term.
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The leach tests started after a curing period of 20 - 28 days. According
to the ISO recommended procedure the total surface was exposed to the
leachant at room temperature /2/. Increasing nitrate contents as well as
complexing agents reduce the compressive strength of the cementitious
specimen but only have a negligible effect on leach rates. Indeed, concrete
can tolerate quite high nitrate loadings, as can be deduced from Fig. 3.
The leach rate increases with increasing dry solid/cement ratio. Also, the
leach rate increases slightly with decreasing compressive strength.
Altogether, the results point out the potential of the various cement-based
formulas suitable for the production of final waste forms, but they also
reveal their limitations as a long-lasting fixation barrier in the unlikely
event that they are contacted by water or brine.
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Degradation of C3S
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IMMOBILIZATION OF NEUTRALIZED CLADDING-REMOVAL WASTE
IN A CEMENT-BASED GROUT
T. L. Sams
E. W. McDaniel
T. M. Gillian
Grout Technology Development
Chemical Technology Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831, U.S.A.

Immobilization of wastes in cement-based grouts is a proven technology
used routinely by the nuclear industry. The resulting grout monoliths,
which are less permeable than the surrounding host soil, are resistant to
leaching and to deterioration resulting from exposure to radiation and
thermal cycling. The monoliths also protect against overburden subsidence. Disposal costs can be greatly reduced by large-scale use of
these forms, such as in earthen trenches.
Such a large-scale disposal scheme is being considered by RockwellHanford Operations in Richland, Washington, for permanent disposal of
several radioactive waste streams. A Transportable Grout Facility (TGF)
is being constructed to mix the wastes with cement-containing dry solids.
The resulting grout will be pumped into earthen trenches or vaults, where
it will harden into large monolithic forms.
The Oak Ridge National Laboratory (ORNL) is providing technical support
for the TGF by developing the grout formulas to be used in the facility.
One of the waste streams identified for disposal by the TGF is claddingremoval waste (CRW), which is generated during removal of the protective
cladding on spent fuel rods. The CRW, which contains fluoride, cesium,
ammonia, and zirconium, must be chemically pretreated by the addition of
an aqueous caustic solution (such as sodium hydroxide) before its
immobilization in a cement-based grout. The reaction between zirconium
in the waste and concentrated NaOH solution gives a solid precipitate:

(NH4)aZrF/ + 7NaOH + 7NaF + Zr(OH)lt+ + 31^OH .

The resulting slurry is further treated by adjusting the pH and adding
sodium nitrite to meet storage tank specifications. The solids are
allowed to settle, and the supernate liquid is decanted for ultimate
disposal as another waste stream. The resulting sludge [Neutralized
Cladding-Removal Waste (NCRW)] becomes the waste feed stream addressed
in this report*
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The NCRW differs from wastes previously fixed in grout in that it contains
significant amounts of both ammonium (NH^*) and fluoride (F~) ions. The
fluoride ions strongly retard the setting of grouts. To overcome this
problem, calcium hydroxide [Ca(OH);,] is added to the grout formulations
to react with the fluoride and produce insoluble CaF^. The reaction
proceeds according to the following equation:

Ca(0H)2 + 2NaF * CaF2+ + 2Na0H .

Thus, the addition of concentrated NaOH and Ca(0H)2 serves to immobilize
the zirconium and fluoride in the waste. Other waste constituents are
immobilized by the physical characteristics of the grout.
Initial experimentation was focused on the development of a reference
grout formula that meets or exceeds all criteria for solids performance
and processibility. These criteria include compressive strength,
drainable water, leachability, and fluidity. The recommended grout
formula will also (1) optimize the mix ratio of solids to liquid with
minimal increases in waste volume, (2) utilize commercially available
materials that require no custon processing, and (3) meet all performance
criteria, even during expected process deviations occurring in actual TGF
plant operations. All criteria were met or exceeded by the reference
grout formula.
Additional work involved the testing of grouts using dry solid components
with as much as 25% deviation fron the reference formula. Variations in
the dry solids/waste mix ratio were investigated, as well as various
dilutions of the waste sludge. Deviations in the dry solid components
and the mix ratio are to be expected in actual plant operations, whereas
deviations in the waste sludge dilutions could result during the
retrieval of the sludge from storage tanks. The results of this series
of tests confirm that a grout produced within _+ 5% deviation from the
reference formula will still meet all performance criteria. These
results thus provide an operating range for the TGF.
This report presents the recommended formula for solidifying NCRW in the
TGF, as well as data showing that all formulation criteria have been met.
Additional data are included to illustrate the usefulness of the recommended formula, even when deviations in plant operation occur. This
formulation of a grout for use in disposal of a waste stream containing
fluoride, ammonia, cesium, and zirconium typifies the versatility of
grout as a means of waste disposal.

- 198 -

DEVELOPMENT OF CONCRETE MIXTURES
FOR RADIOACTIVE WASTE DISPOSAL
R.D. Hooton
Ontario Hydro, 800 Kipling Avenue
Toronto, Ontario, Canada, M8Z 5S4

Concrete based materials are being optimized with respect to physical
properties and durability for several potential end uses, including grout for
sealing rock fractures, normal-density concrete for low-level radioactive
waste containers or repository shaft bulkheads, and high-density concrete for
irradiated fuel containers.
Initially, to simplify development, a wide range of cement pastes was
evaluated for strength, permeability, pore size distributions at 7, 28, 91 and
182 days. In addition, prisms (moist cured for 91 days) are being exposed to
a highly saline, sulphate bearing groundwater at 70°C to simulate the disposal
environment. Variables included cement type (portland and aluminous),
supplementary cementing materials Cfly ash, slag and silica fume),
superplasticizers, water/cementing materials ratios (W/CM) and curing
temperature.
Some of the data has been published *
and only the data for
sulphate resistant portland cement and supplementary cementing materials cost
at one W/CM and curing temperature are reported here.
The best candidate paste fractions were found to be a sulphate resistant
portland cement partially replaced with either fly ash or silica fume and
mixed at a lower w a t e r / s o l i d s ratio achieved through use of a
superplasticizer.
Trial high-density concrete batches were made with specularite (fine) and
magnetite (coarse) aggregates and incorporating the two candidate paste
combinations. With fly ash concrete, bleeding and slower strength development
were encountered. The silica fume concrete (400 kg/m cementitious materials,
W/CM = 0.35, 50 mm slump) did not bleed and exhibited 78 MPa strength at 28
days with a density in excess of 3700 kg/m , thus exceeding the initial
Concrete Integrated Container design requirements of 45 MPa and 3500 kg/m .
This composition then underwent more extensive testing of permeability, pore
structure and raineralogical composition.
Later, similar paste compositions were mixed with sand and crushed limestone
aggregates to produce normal-density concretes (400 kg/m
cementitious
materials, W/CM « 0.35, 40-90 mm slump).
Optimum strength of 75 MPa at 28
days was obtained with 15 weight percent replacement of cement with silica
fume. In addition low permeabilities and fine pore structures were obtained
along with complete utilization of the readily leachable calcium hydroxide
phase. Although these concretes were not air-entrained, they were still able
to survive severe freezing and thawing exposure (ASTM C 666 Procedure A
carried to 900 cycles). Although freezing resistance is more applicable to
above ground storage and is not of direct interest for disposal, a high
durability to aggressive groundwaters is implied, since permeabilities were so
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low (less than 2 x 10~ 17 m/s) that water could not saturate these concrete
specimens (saturation is required to cause non-air entrained concretes to
deteriorate in freezing tests, and all portland cement, non-air entrained
concretes fail this test).
The use of silica fume also proved beneficial in the development of grouts for
sealing fine fractures in rock.
Replacement of sulphate resistant portland
cement by only 10 weight percent silica fume raised the W/CM at which a
simulated fracture could be sealed from 1.5 to at least 2.5. At the same
time, permeabilities of the sealed fracture were reduced by several orders of
magnitude. These improvements are due to the thixotropic properties imparted
by the silica fume to the fresh grout and the pozzolanic properties to the
hardened grout.
Current work, which will only be briefly discussed, is concentrating on pore
solution analyses and investigation of properties of ancient concrete analogs.
In summary, after initial development work, the properties of a family of
grouts and concretes based on sulphate resistant portland cement and silica
fume cementing materials were investigated for a variety of potential disposal
vault uses.
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EFFECT OF CEMENT ON RADIOACTIVE WASTE-FORM PERFORMANCE
IN MULTICOMPONENT SYSTEMS TESTS AT 200°C
Robert B. Heimann
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada, ROE 1L0
The Canadian Nuclear Fuel Waste Management Program i s focusing on
assessing the concept of the disposal of nuclear fuel waste deep i n
plutonic rock [ 1 ] . The engineered b a r r i e r s around a disposal vault may
include cement-based materials f o r grouting water-bearing rock f r a c t u r e s ,
plugging boreholes, and sealing shaft bulkheads [ 2 ] . Furthermore, a
concept involving concrete casks f o r storage, transportation and disposal
of nuclear fuel waste i s under consideration, and the development of a
s u i t a b l e concrete, as well as the f a b r i c a t i o n of a prototype cask, f o r
t h i s ' i n t e g r a t e d ' system has begun recently [ 3 ] . Preliminary data
indicate that a s u i t a b l e concrete would be composed of a sulphater e s i s t i n g Portland cement (SRPC) modified with f l y ash or s i l i c a
fume [ 4 ] , with i r o n oxide added [ 3 ] .
The purpose of the present work i s t o evaluate the effect cement may have
on the release of radionuclides from used fuel and fuel recycle waste
glass under conditions resembling those anticipated i n a nuclear fuel
waste disposal v a u l t .
Two multicomponent systems t e s t s [ 5 ] have been performed including SRPC +
20% s i l i c a fume i n contact with used f u e l , or a fuel recycle waste glass,
c l a y , metal, and saline groundwater. Two control experiments without
cement but with granite added were also performed t o assess the e f f e c t of
the cement on the release of radionuclides from the waste form. The
experiments were contained i n titanium pressure vessels operated at 200°C
and 8.5 MPa pressure f o r 6 months i n the Immobilized Fuel Test F a c i l i t y
at the Whiteshell Nuclear Research Establishment. Details of the design
of these i n t e r a c t i v e systems t e s t s have been given elsewhere [ 5 ] . The
control experiments are part of a larger set of s t a t i s t i c a l l y designed
experiments [ 6 ] .
The parameters of the four experiments are l i s t e d i n Table I . Figure 1
shows the cesium-137 released as a percentage of the i n i t i a l inventory i n
the waste form ( l e f t column), as well as the d i s t r i b u t i o n of the released
radionuclide among the s o l u t i o n , c l a y , cement and granite ( r i g h t column).
The release of cesium-137 from the used fuel (3 and 2%, r e s p e c t i v e l y , of
the t o t a l sample inventory) comprises 36 and 30%, r e s p e c t i v e l y , of the
" a v a i l a b l e " cesium-137 (gap and grain boundary inventory [ 7 ] ) . Data f o r
other radionuclides w i l l also be presented.
From the experimental results i t can be concluded that
(i)

the percent release of cesium-137 from used fuel i s much lower
than from the waste glass, with e i t h e r cement or granite present,
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(ii)

most of the cesium-137 released from the used fuel and the waste
glass i s being sorbed onto the c l a y , and the KQ values are
s i m i l a r i n both cases (73 and 93 L/kg f o r used fuel and waste
gl ass.respecti v e l y ) .

(iii)

the KD values of cesium-137 on the cement are s i m i l a r f o r used
fuel and waste glass (3 and 4 L/kg, r e s p e c t i v e l y ) , and are much
higher than those measured f o r g r a n i t e (0.03 and 0.1 L/kg,
respectively),

(iv)

cement-glass i n t e r a c t i o n appears t o lead t o accelerated
d i s s o l u t i o n / a l t e r a t i o n of the glass compared with a system
without cement present. The cement, however, seems t o have no
e f f e c t on the d i s s o l u t i o n rate of used f u e l .
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PARal'ltTEKS UF MULTICUhPUNtNT LLACH TESTS UN NUCLEAR FUEL WASTE FOKMa
IN LUN1ACT WITH CEMENT (A,B) AND GRANITE (A'.B 1 )
Experiment

Parameter

A'

A
Waste form
Mass of v»aste form i.yj
Grouridwater
Volume ot yroundwater LmLj
Clay
Mass of clay Lyj

ro
O
CM

B'

b

usea fuel*
i'i.Td

used fuel*
3b. 24

glass**

SCSSS***
49

SCSSS

SCSSS

SCSSS

49

49

49

1

Cal'iorif "
33.4

CaMont
4.45

I.b9

CaMont
0.88

glass**
0.79

CaMont
2.83

Metal
Mass of metal Lyj

Inconel 62b
2.82

Ticode-12
3.62

Inconel 625
2.80

Inconel 625
5.33

Cement
1'iass ot cement Lyj

bRPC+i:u%i>F++
6.32

_

5RPC+20J.SF
9.30

_

_

Granite ++t
200

_

Granite
200

Rock
Mass ot rock Lyj
SA/V - ratio5

L«"1J

Cement/water-ratio Ly/mLj
Clay/cement-ratio Ly/yj

22

22

24

12

U.13

-

0.19

-

-

0.1

-

b

Pickering fuel, average burn up 976 GJ/ky U, discharge date: 1976 Dec. 8.
holy 99 V ylass, based on soda-lime borosilicate glass frit.(8)
*** itandaru Canadian Shield baline Solution.19)
t
Ca-Montmorillonite from Pembina Mountain Clays Inc., Manitoba,
tt bulphate-resistiny Portland cement ( A S T M Type V, CbA Type 50, API Class G) + 20 vol.%
silica fume.
ttt Pink porphyritic yranite-yranodiorite, Lac du Bonnet batholith near Pinawa, Manitoba.
§
Ratio of the surface area ot the waste form to the volume of the groundwater.
**
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Somple inventory = 3 . 2 x ) 0 ' ° B q

Sample inventory

-3.5x10

Bq

Fiyure 1: Activities of cesiurn-137 released
from used fuel (AiA1) and
1
tooly 99 V waste glass (b.B ). For details see Table I. The
left column shows total cesiurii-137 released as a percentage of
the sample inventory. The right column shows the distribution
of the released cesium-137 among the leach solution, clay,
cement and granite, as well as experimentally obtained K D
values.
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NORMAL- AND HIGH-DENSITY CONCRETE
A.T. Jakubick
Ontario Hydro
Toronto
The isolation efficiency of concrete containments for radioactive waste
depends on the permeability of the structure and on its ability to retard the
movement of radionuclides. An improved version of Figg's permeability method
was used to test four representatively large concrete models (cylinders of a
53 cm height and 45.72 cm, 30.48 cm and 15.42 cm in diameter) of four
different compositions: normal-density concrete with fly ash, high-density
concrete, high-density concrete with silica fume.
The measurements indicated that the permeability of concrete was controlled by
the microfractures rather than by the initial permeability of the paste.
Since fractures and not pores, in the matrix were the potential pathways of
leakage through concrete, the retardation of radionuclides on concrete
surfaces rather than diffusion through the concrete was studied herein.
The sorption of Cs, Sr, Pu and Am on concrete surfaces was tested. The
experiments showed that Cs was always more strongly adsorbed than Sr on any
concrete sample.
The sorption of Am on all types of concrete was considerably higher than that
of Pu. For Pu, the highest sorption was observed on regular-density concrete
with no additives. In autoradiographs, both Pu and Am indicated preferential
sorption in the paste over that in aggregates.
Because of the low sorption capacity of aggregates, almost 70 to 75 percent of
the concrete was ineffective in the retardation of these elements. This could
be improved by using geochemically-active additives and aggregates.

- 205

-

COMPUTER MODELING OP
THE CENTRAL STORAGE OF USED FUEL
B.R. Reynolds
Ontario Hydro
Toronto, Ontario
ABSTRACT
This paper describes the operation and use of a computer code to model
the entire used fuel program of Ontario Hydro, including the storage,
transportation, immobilization and disposal phases. The computer code
called SCUFF (an acronym for System Costing of Used Fuel Facilities) has
recently been extended to model central storage scenarios in addition to
the reference on site storage options. SCUFF can provide yearly
schedules of equipment, used fuel inventories, detailed costing schedules
and overall cost summaries. The code can also be used to optimize any of
the variables in the overall used fuel management program and with
suitable modification could model the used fuel program of any other
utility.
BACKGROUND
Much work has been done to optimize individual components within the used
fuel management program, but with the increasing size and complexity of
Ontario Hydro's nuclear program, it is becoming difficult to obtain an
overall perspective of the complete fuel cycle. Specific used fuel
management scenarios have been studied in the past"), but these
detailed studies must be repeated in full If a single assumption is
changed.
To overcome this problem Ontario Hydro has developed a computer code
capable of evaluating the costs and schedules of all the significant
items within the overall used fuel program. This code makes it possible
to measure the effects of changes to one item on any other item. For
instance, by changing the central storage fuel bay capacity, it is
possible to study the effects produced on the transportation schedule or
on the overall cost of storage bay construction. In addition, the
resulting savings made in any one used fuel management phase can be
compared with any Increased costs in any other phase, to achieve the most
efficient overall scheme,
SCUFF
The SCUFF code Is written in the Fortran language and can be operated
using an IBM-PC computer.2 The SCUFF code was developed from a used fuel
logistics computer code* ' written in 1983 at Ontario Hydro. This
code was incorporated in SCUFF to predict the used fuel arisings at each
nuclear station. To model the entire used fuel management cycle,
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additional subroutines were added which calculate capital and operating
costs and extend the simulation to the transportation, immobilization and
disposal phases of the used fuel program.
During the past year the original SCUFF code has been modified to include
the most current cost estimates and to allow the modeling of a
centralized used fuel storage system including the necessary
transportation of fuel from each of the nuclear stations to the central
store.
Structure
The SCUFF code consists of many separate subroutines linked by a single
executive program. This structure makes later additions, deletions or
modifications relatively easy to accommodate as any changes will be
confined to only a few subroutines.
The basic structure of the SCUFF code is shown in Figure 1. Each of the
individual blocks shown, represents a separate subroutine which can be
called into operation by the executive program.
EVALUATION OF CENTRAL STORAGE
Recently the SCUFF code was used to assess the affects of using a central
fuel storage site compared to continued on-site storage.
A number of disposal commencement dates were modeled for these
comparisons and those properties having the major impact on cost were
identified.
Central Storage Costs
The results of this analysis are shown in Figure 2 which shows how the
increased costs of additional transportation created by the use of a
central storage facility are more than compensated for by the reduced
cost of constructing and operating the storage facility compared to the
on-slte storage scenarios.
Further breakdowns of the cost components can be made to identify each
Individual capital and operating cost on a yearly basis.
SCUFF can output many other items of Interest, including transportation
statistics which show factors like total driving man-hours, travel time,
miles traveled and time spent loading and unloading fuel casks. This
information will be used as the basis for a complete environmental
assessment of the used fuel transportation phase of the fuel cycle.
Figure 3 shows some typical transportation data that SCUFF has produced.
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FUTURE USES FOR SCUFF
Ontario Hydro has planned to use SCUFF In the following programs:
1. Integrated Container Optimization - A program to develop a single
used fuel container which can be used throughout the storage,
transportation and disposal phases Is already underway at Ontario Hydro.
The SCUFF code will be used to evaluate various alternative designs in
order to optimize the entire system from storage to disposal.
2. Spent Fuel Cost Evaluations - Surcharges for future used fuel
management costs will be verified using SCUFF.
3. Additional On-Site Storage - The SCUFF code will be used to identify
both the timing and the costs associated with the introduction of
additional storage facilities at Ontario Hydro's existing and planned
nuclear stations.
4. Central Storage - The SCUFF code will be used to identify both the
timing and the costs associated with the introduction of central storage
facilities should they be used for Ontario Hydro's used fuel management
program.
5. Transportation Logistics - SCUFF will provide the transportation
schedules for used fuel movements from each station to the final disposal
site. This information will form the basis of a full environmental
assessment of the disposal phase of the used fuel management program.
At present, Ontario Hydro's reference scenario of water pool storage,
road transportation and disposal in a pluton can be successfully modeled
with the SCUFF code. Central storage modeling has now been added and
other options have dummy subroutines included in the code at present, but
these will be made fully operational in the near future.
References:
1. P. Pearson. "Preliminary Cost Estimates for Storage, Transportation
and Disposal of Irradiated Fuel". Report Number 82485, Ontario Hydro
(1982).
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SAFETY AND COST ASSESSMENTS FOR DISPOSAL IN A PROTOTYPE
SHALLOW LAND BURIAL FACILITY
D.G. Hardy and D.F. Dixon
Atomic Energy of Canada Limited
Chalk River Nuclear Laboratories
CHALK RIVER, Ontario, Canada
KOJ 1JO

Radioactive wastes have been successfully stored in shallow ground storage
facilities at CRNL for as long as 40 years. Almost 50,000 m of solid
waste is presently stored and the amount is increasing at about 3000
m *a • Host of these wastes can safely remain in storage for many years
to come, but a significant fraction will require retrieval followed by
disposal either on- or off-site sometime in the future. Although some of
the stored wastes are long-lived (e.g. used nuclear fuel), the bulk will
pose no hazard in less than 500 years. The waste management program plan
at CRNL is to evolve from current storage practice to disposal by
developing and building disposal facilities on site to accommodate most of
these wastes.
Three reference disposal concepts, each potentially capable of accepting a
portion of the wastes managed at CRNL, have been evaluated. A prototype of
one of these, an intrusion-resistant shallow land burial unit (referred to
as SLB-P1) will be built first because it is expected that it could provide
the required isolation for most types of CRNL wastes. It will provide the
initial focus for on-going disposal research and development programs as
well as operating and closure experience.
During its four to five year operating period, SLB-P1 would accept low- and
intermediate-level radioactive waste (LILW) with a hazardous lifetime of
about 500 years or less, selected from three sources, namely: those
generated at CRNL, those received from off site, and some representative
wastes recovered from on-site storage facilities. Of the solid LILW
managed at CRNL an average of 60% is generated on site, the off-site
portion comes from radioisotope producers and users, the Nuclear Power
Development (NPD) reactor and Canadian fuel manufacturers.
The SLB-P1 design specifically addresses two principal pathways by which
the radionuclides in the waste might interact with man; these are: (1)
the leaching of radionuclides from the waste and their subsequent transport
by groundwater to the environment, and (2) by man's direct, but inadvertent
intrusion into the waste.
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The reference SLB-P1 design is a concrete-walled trench, 100 m long by 20 m
wide by less than 10 m deep, which when filled with LILW and an illite
clay/sand buffer/backfill mixture, will be capped with a thick (about 1 m ) ,
reinforced concrete, self-supporting cap. The floor is porous, composed of
a 0.5 m thick layer of the clay/sand mixture and a 0.5 m thick layer of
gravel. When filled and capped, the whole facility will be buried under a
soil berm.
Flooding of the facility will be minimized by locating it in a freedraining sandy ridge with the footings at least 1 m above the highest
recorded water table. The waterproof concrete cap will serve to both shed
infiltrating precipitation and to discourage all but the most determined
intruder from entering the facility. If any tramp water does enter through
cracks in the cap it can easily pass through the porous floor, where the
clay/sand layer will sorb some, if not all, of the released radionuclides.
Burial makes SLB-P1 less conspicuous and protects it from the weather,
while the planted vegetation stabilizes the topography by minimizing soil
erosion. Locating the facility on government land reduces the likelihood
of unrestricted land development.
The waste capacity of SLB-P1 will be between 7000 and 9500 m 3 depending on
safety considerations and efficiency of space usage, which in turn depend
on optimizing practices such as handling and packaging methods, the waste
emplacement strategy and the use of backfill. A range of expected costs
for construction, operation, packaging, closure, monitoring, safety assessment and support R&D for the SLB-Pl have been estimated. Costs for the
current storage practices are known and the costs for waste retrieval have
been estimated. The paper compares the costs to show the advantage of
proceeding directly to disposal without the interim steps of storage
followed by later retrieval.
The safety assessment for SLB-Pl is divided into pre-closure and postclosure periods. During the pre-closure operational period the workers and
general public will be protected by the same standards of radiological protection that have been applied to other AECL practices involving radiation,
particularly those involved in the handling and storage of radioactive
waste.
For the post-closure period, when the facility has been capped and sealed,
the safety assessment is primarily concerned with the future impact of
SLB-Pl on man. Long term predictions are obtained with the computer code
COSMOS. This uses probabilistic assessment methods and has been specifically developed for the LILW disposal program at C R N L C 1 ) .
It assesses
the impact of radionuclides released from SLB-Pl by various pathways on
individuals in the critical group. Preliminary results for the groundwater
release pathway show that the doses to such individuals are appreciably
below the limit recommended by the International Committee for Radiation
Protection for lifetime exposures, i.e. 1 mSv*a .
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Intrusion scenarios will be handled by linking together the specific
intrusion submodels and the appropriate submodels from COSMOS. Preliminary
analysis of the discovery/construction intrusion scenario indicate that a
period of institutional control may be necessary to reduce the radiological
hazard to the inadvertent intruder to acceptable levels. The duration of
the control period depends upon the values assigned to: (1) the probability of the various intrusion scenarios occurring as a function of time,
and (2) the credit assigned to the various engineered and natural barriers
between the waste and the human environment.
Design of SLB-P1 is proposed to begin this year, with site preparation
starting in 1987/88, construction is to be completed in 1989/90 followed by
a four to five year operating period.

REFERENCE
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C.I. Bretzlaff, R.G. Jarvis, J-H. Laurens and S.R. Wilkinson, "The
COSMOS Assessment Code for a SIB Repository at CRNL", this conference.
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THE CONCEPT ASSESSMENT ENGINEERING STUDY (CAES)
OF NUCLEAR FUEL WASTE DISPOSAL CENTRES (NFWDC):
STUDY PLAN AND. TECHNICAL SPECIFICATIONS
P. Baumgartner
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0
The Canadian Nuclear Fuel Waste Management Program is assessing the feasibility and safety of nuclear fuel waste disposal, deep underground in a
stable plutonic rock formation.
To support this concept, engineering
design descriptions of the facilities necessary for receiving, packaging,
handling and disposal of either used fuel (UF) or fuel recycle waste (FEW)
are being developed. The Concept Assessment Engineering Study (CAES) of
Nuclear Fuel Waste Disposal Centres (NFWDC) will provide descriptions of
these engineering designs for the following facilities:
-

a reference Used Fuel Disposal Centre
a reference Fuel Recycle Waste Disposal Centre

The Disposal Centres will be designed to meet occupational health and
safety and environmental standards based on currently available technology.
The results of this CAES will form part of the basis of the PreClosure Safety Assessments. The occupational health and safety,
ronmental impact and the socio-economic impact assessments will
porated into the Formal Concept Assessment Document (FCAD) to be
for the regulatory review and public hearing process.

and Postthe envibe incorsubmitted

In the disposal concept, the nuclear fuel waste will be received in rail or
road shipping casks at the Packaging Plant. The casks will be unloaded,
accounted and temporarily stored in Surge Storage. In the Packaging Plant,
thin-walled titanium corrosion-resistant containers will be fabricated and
inspected prior to fuel waste loading. After loading, the remaining void
space in the containers will be filled with a compacted particulate (eg.,
glass beads) for heat and structural load transfer, then sealed and
inspected prior to underground transport and disposal. The thin-wall,
packed particulate container is the reference design for this study, though
other options such as a metal-matrix container design exist. The UF
container is 633 mm in diameter and 2246 mm long, and has a total mass of
2833 kg. The FRW container is 560 mm in diameter and 2080 mm long, and has
a mass of 1431 kg.
in the disposal concept, the single-level disposal vault will be excavated
by the drill and blast method at a reference depth of 1000 m in a granitic
pluton. The vault will consist of an array of rooms in which 1183-mmdiameter emplacement boreholes are drilled 5 m into the floors at a
specified spacing to meet the thermal and thermal-mechanical design
criteria. The boreholes will then be filled with a compacted 1:1 silica
sand - Na-bentonite clay buffer. A central hole (UF - 680 mm dia., FRW -
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610 ran dia.) will be augered 4.2 m into the
nuclear fuel waste container.
Hie 25-mm
container will be filled with sand to act as
remainder of the hole filled with compacted
room floor.

buffer mass to accommodate
annulus between the buffer
a heat transfer medium and
buffer to the elevation of

the
and
the
the

As the disposal room is filled, a 1:3 Lake Aggasiz clay - crushed granite
backfill will be placed either continuously with container emplacement or
after emplacement in each room is completed, followed by room sealing with
a pressure-resistant bulkhead.
After the vault is filled, the access
tunnels and shafts will be backfilled and will incorporate sealing
bulkheads.
Additional tasks in the study include the following: (1) acquiring,
preparing and handling buffer and backfill materials; (2) designing the
packaging and handling systems for the radioactive materials (3) cataloguing radioactive and toxic materials for shielding and protective measures
needed for occupational health and safety; and (4) quantifying emissions
to meet the appropriate environmental standards; (5) Ancillary utilities
and services, security and safeguards measures; (6) identifying quality
assurance requirements; (7) describing waste retrieval methods; and (8)
describing surface plant decommissioning are also included. Based on the
design descriptions, project cost, manpower and schedule estimates will be
generated for construction, operation, vault closure and surface plant
decommissioning. These cost and manpower estimates will provide the data
for the socio-economic impact assessment.
Detailed technical specifications will be presented, which will include the
waste arisings and characteristics; the waste container designs; container
fabrication, loading, sealing and inspection specifications; the vault
thermal and thermal-mechanical criteria; the rock and buffer/backfill material properties; and the health physics parameters.
The engineering design descriptions will be sufficiently complete to demonstrate the workability of the concept.
Optimization of the concept will
not be done.
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LICENSING OF URANIUM MINE
AND MILL WASTE MANAGEMENT SYSTEMS
L.G. Chamney
Waste Management Division
Atomic Energy Control Board
Ottawa, Canada
K1P 5S9

Systems for the management of wastes arising from uranium mining
facilities are subject to regulatory control by the Atomic Energy Control
Board (AECB). The objectives of this paper are to describe and
consolidate the objectives, principles, requirements and guidelines which
the AECB uses in the regulation of waste management activities at uranium
mining facilities, and to provide an understanding of the licensing
process used by the AECB.
The regulatory objective of the AECB with respect to waste management
systems is to ensure that liquid, solid and gaseous wastes are managed in
a manner which protects the health and safety of persons, and the
environment. Regulatory requirements are established by the AECB to
ensure that the licensee achieves this objective.
Principles applied by the AECB in establishing the requirements for waste
management systems include:
(a) all doses shall be kept as low as reasonably achievable, social and
economic factors being taken into account (ALARA);
(b) maximum permissible doses of ionizing radiation and exposures to
radon daughters specified in the Atomic Energy Control Regulations shall
be observed;
(c) any unacceptable impact on the environment shall be avoided by the
containment and isolation of wastes to the extent practicable;
(d) any release of contaminants shall be controlled in such a manner that
the environment is capable of assimilating them and of minimizing their
potential impact through natural processes;
(e) responsibility for waste management shall be undertaken at the
present and not left to future generations or future technologies;
(f) future generations shall not be subjected to any greater risk than is
acceptable by current society; and
(g) methods for the disposal of wastes shall, to the extent practicable,
minimize dependence on active institutional controls as a means of
ensuring their success.
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The AECB has found it useful to regulate waste management activities at
uranium mining facilities by way of a systems assessment approach within
a life-stage approval framework.
A uranium mine and mill waste management system is composed of all
components for collecting, transporting, receiving, processing, treating,
storing and disposing of wastes. These components may be distinguished
on the basis of their functions as well as differences in materials,
structures and processes. The system incorporates some or all of the
following: (a) management of surface water and groundwater; (b) handling
and treatment of minewater; (c) management of waste rock; (d) handling
and transport of tailings and liquid waste; (e) containment of tailings
and primary treatment of liquid waste; (f) secondary treatment of liquid
waste; (g) management of waste from ore stockpiles; (h) management of
airborne contaminants; and (i) management of miscellaneous waste.
The life of a uranium mining facility, and its associated waste
management system, is characterized by a series of distinct stages:
(a) pre-development; (b) siting and construction; (c) operation; and
(d) decommissioning and subsequent abandonment. Accordingly, licences or
approvals are issued for each of these life stages following review of
proposed systems and procedures. Figure 1 depicts a general schedule of
anticipated activities within this licensing process for waste management
systems.
AECB regulatory control is achieved through a comprehensive licensing
process designed to assure proper consideration of health and safety,
environmental protection and security. In exercising its
responsibilities, the AECB establishes requirements, assesses potential
licensees' capabilities to meet these requirements and to assure their
maintenance and, subsequent to issuance of a licence, conducts compliance
and inspection activities. Emphasis is placed on developing a
consultative regulatory approach, involving other government agencies,
industry and the public. The AECB has established working arrangements
with federal and provincial agencies which have relevant regulatory
jurisdiction in health and safety and environmental protection.
Using the systems approach, the paper examines the major waste management
licensing issues, responsibilities, requirements and guidelines inherent
at each stage of a uranium mining project. Emphasis is placed on the
tailings containment and liquid waste treatment components of the waste
management system. Developments in the regulatory approach to
decommissioning and abandonment are briefly highlighted.
Consolidation and clarification of AECB regulatory requirements and
guidelines pertaining to uranium mine and mill waste management systems
is believed to be of great benefit to both current and future licensees,
and to the public. Relevant regulatory Consultative Documents include
C-36 which addresses the licensing process and regulatory requirements
for waste management systems at uranium mining facilities* ', C-95
which prescribes maximum acceptable levels of contamination on equipment
and materials leaving uranium mine facilities'2^, C-90 which
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addresses AECB policy on the decommissioning of nuclear facilities*
and C-104 which outlines regulatory criteria for the disposal of
radioactive wastes*

,
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ENVIRONMENTAL BENEFITS FROM
REGULATORY COMPLIANCE AT THE DURANGO, COLORADO
UMTRA PROJECT SITE
David J . Lechel

Roy F. Weston, I n c .
5301 Central Avenue, N.E.
Suite 1516
Albuquerque, New Mexico 87108
The purpose of t h i s discussion i s to review the b e n e f i t s derived from
compliance w i t h environmental r e g u l a t o r y requirements f o r cleanup of
the r a d i o a c t i v e l y contaminated uranium m i l l t a i l i n g s p i l e s located i n
Durango, Colorado (Figure 1 ) . The p r i n c i p a l s of t h i s cleanup p r o j e c t
are the U.S. Department of Energy (DOE) Uranium M i l l T a i l i n g s Remedial
A c t i o n (UMTRA) P r o j e c t i n concert w i t h the State of Colorado.
The s i t e encompasses 126 acres located on the southwest edge of the
c i t y of Durango. The former m i l l was b u i l t i n 1942 on the s i t e of a
lead smelter o r i g i n a l l y constructed i n the 1880s. The m i l l was o p e r a t ed u n t i l 1963.
C u r r e n t l y , the s i t e i s owned and maintained under
Colorado l i c e n s e by Heel a Mining Company.
The r a d i o a c t i v e l y contaminated area includes two t a i l i n g s p i l e s , the
m i l l s i t e , ore storage area, r a f f i n a t e ponds area, and the f l o o d p l a i n s
and adjacent wetlands. Cleanup w i l l be accomplished by r e l o c a t i n g contaminated m a t e r i a l s v i a county roads to a s i t e located i n Bodo Canyon.
This s i t e i s w i t h i n the Bodo State W i l d l i f e Area which i s managed by
the Colorado D i v i s i o n of W i l d l i f e (DOW) f o r r e c r e a t i o n a l use.
The remedial a c t i o n , i n the simplest sense, i s merely an earth-moving
project.
The s a n d - l i k e t a i l i n g s and other contaminated m a t e r i a l s w i l l
be r e l o c a t e d to Bodo Canyon using t y p i c a l c o n s t r u c t i o n equipment. No
a c u t e l y community-threatening a c t i v i t i e s or complex physical-chemical
processes are involved t h a t u s u a l l y would generate a m u l t i t u d e of permits or approvals through a complex array of agencies. However, when
agencies were contacted and r e g u l a t i o n s reviewed, i t was found t h a t at
l e a s t 18 p e r m i t s , approvals, or licenses would be r e q u i r e d d u r i n g some
phase of the remedial a c t i o n . Of these 18 p e r m i t s , f i v e were r e q u i r e d
by the Federal Government, 10 by the s t a t e , and three by La Plata count y ; a t o t a l of 14 d i f f e r e n t agencies were i n v o l v e d . Figure 2 d e p i c t s
a few key p e r m i t s , the primary o v e r s i g h t agency, and the " i d e a l "
( i . e . , no problem) schedule f o r compliance.
Although 18 permits appear excessive f o r a " s i m p l e " d i r t - m o v i n g opera t i o n , compliance w i t h such permits oftentimes proves b e n e f i c i a l t o
the environment and the community at l a r g e .
Several issues w i l l be
reviewed i n the f u l l paper, however, only two such approvals are considered i n t h i s summary; w i l d l i f e , and archaeological resources.
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One issue that has proven clearly beneficial to the public is that of
mitigation to offset loss of lands for the disposal site in Bodo
Canyon. Bodo Canyon was deeded to DOW by the Nature Conservancy (an
organization dedicated to the preservation of lands for wildlife) for
the express purpose of wildlife management. After lengthy discussions
between the DOE and the DOW, DOE agreed to: (1) provide about $150,000
for habitat enhancement, and (2) provide funding to purchase lands several times in acreage of that required by the disposal site. In
short, these funds w i l l allow for enhanced habitat management and additional lands under the management auspices of the DOW and, ultimately,
an improvement in the wildlife base clearly in keeping with the spirit
of the Nature Conservancy mandate.
Secondly, the most significant compliance issue in terms of "pure"
knowledge, is that of archaeological resources. Pursuant to Title 36,
Part 800 of the Code of Federal Regulations, the DOE undertook surveys
to locate archaeological resources in areas potentially affected by
the planned cleanup. These surveys identified more than 20 sites most
of which were eligible (as determined by the State Historic Preservation Officer) for inclusion on the U.S. National Register of Historic
Places. Of the 20 sites, 11 would be destroyed by remedial action and
thus, DOE with approval from the State Historic Preservation Officer,
initiated a data recovery program to remove, catalog, and determine
the significance of each of the 11 sites.
This data recovery program yielded several surprising finds. One site
when uncovered produced five pre-ceramic pithouses (A.D. 200 and 400)
which are rarely documented in the southwest U.S. Two other sites
yielded a rare Archaic circular structure and a large diameter p i t house (5000 and 6000 Before Present). In addition, an Anasazi p i t house (A.D. 600 and 800) apparently had burned accidentally trapping
some of its occupants and preserving household artifacts. More than
40 vessels and grinding stones, a ceramic pipe, and the virtually cremated remains of a child and an adult were found. This program has
led to a significant expansion of knowledge regarding the pre-historic
occupation of this regional area of the southwest U.S.
As w i l l be discussed in the f u l l paper,
tions w i l l result in enhanced wetlands,
cies, minimization of pollutant effluents
tion of disturbed borrow sites, and other

compliance with other regulaprotection of endangered speto the Animas River, reclamabeneficial actions.
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VARIOUS STRATEGIES IN THE MANAGEMENT OF WASTES
FROM URANIUM MINING AND MILLING

L. FARGES
J. PRADEL
P. ZETTWOOG
COMMISSARIAT A L'ENERGIE ATOMIQUE
DEPARTEMENT DE PROTECTION TECHNIQUE
Fontenay-aux-Roses - France -

***********

1 - INTRODUCTION

From all the mining and milling facilities operated by french
companies arise a large quantity of wastes of different kinds which
have to be disposed of.
In France, at the present time, the amount of
as follows :

such wastes is

- tailings
: 18 000 000 tonnes
- in situ heap leached rocks : 3 900 000 tonnes
- barren and lowgrade rocks : 65 000 000 tonnes
The fate of these wastes has to be considered keeping in mind
that :
- they fall into the general category of low level wastes,
- they contain natural radlonuclides a part of which will
return to the environment,
- when they go back to the environment, they have a good
chance to be neutralized and to disappear
- they can be easily controlled through a suitable survey
system.
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2 - STRATEGIES
Facing the problem of mine and mill wastes, it is possible to
envisage two strategies :
- concentrate them and confine them in a suitable manner
-- disperse them and dilute them in the environment through
controlled releases.
Depending on the local conditions, it is possible to implement
these two strategies.
The first one needs a lot of researches to define the design
of a waste management facility, to study the storage and eventually
the treatment of the waste, to envisage the monitoring, the surveillance and the maintenance of the impoundment system. It is also
necessary to study different scenarios of intrusion by our descendants and to face the pseudo-philosophical problem of leaving harm to
our successors.
The second one has many advantages as the wastes are always
under control which could be expensive at the beginning but probably
less than when building a particular impoundment system. As the
problem is solved by one generation, the fear to leave harmful
substances to new generations disappear.
3 - POSSIBLE APPLICATIONS
It is possible to give examples of what could be done for a
safe management of mine and mill works.
3.1 - LE FOREZ
The first strategy has been applied to an abandonned facility
in Le Forez consisting of an uranium mine and a mill where was treated the uranium ore coming from the whole mining division (maps and
slides describing the site).
About 2000 curies or 7,4 1O 1S Bq of 2 2 6 Ra are still existing
in a volume of 1 300 000 tonnes of residue. They are gathered in a
decantation pond (surface 20 ha).
Three possibilities were studied and
assessed : a short description is given.

their costs were

In order to isolate the tailings and to limit radon emanation,
the water level has been raised at least to two meters high by means
of a dam (500 m long, 180 m wide and 10 m high) :
Measurements of 22 *Ra in water and 2 2 2 Rn in air are made
periodically and do not indicate any harm to the environment. Results
have been presented in IAEA-SM-262/18.
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Buildings belonging to the facility have been decontaminated to
the levels fixed by the Health Administration.
It is envisaged to send back the land and the building to the
city of La Prugne in order to install a sawmill. Another project is to
use that wonderful valley as a recreational area.

The results of the survey of the environment show that radioactivity around the site is quite similar to what is measured in other
places within 30 kilometers from the site. A comparison between radioactivity levels before mining operations and to-day shows that the
site could be considered as to have been "decontaminated" after mining
(slides).

3.2 - Another possibility is to confine tailings in deep lakes using
the opportunity of a large screen of water combined with a sedimentation process.

3.3 ~ It could also be envisaged to dump mining and milling wastes
into the sea keeping in mind that 2000 to 3000 Curies of 2 2 6 R a resulting from a 20 years working have to be compared to the 1,5.10 s Curies
present in oceans.
This last method could be considered either as a confinement
considering sedimentation or a dispersion due to the diffusion of
radionuclides (essentially Z 2 6 R a ) into the seas.

3.4 - A true dispersion process could
large rivers surrounding the mill site.

be

envisaged

in

the

case

of

In situ and laboratory studies are necessary, they consist in
an analysis of the sedimentological process in the river and in building of theoretical models : dispersion and deposition. The measurements would be performed in situ on the river flow and in laboratories
on tailings samples : solubillzation of Radium, sedimentation speed, %
of solids transported according to flow speed.
If the conditions are suitable, rate of discharge of solid
wastes in the effluent would be established. These controlled discharges would be surveyed through a particular network of downstream
sampling stations.

3.5 - In the environment of a typical desert region, it is possible to
envisage a controlled dispersion of tailings using wind erosion. Unhapilly, this process is not yet in action because of the difficulty to
initiate dispersion.
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As a matter of fact, tailings under the sun action are covered
by a thick crust which turns to cement and it would be necessary to
break this crust for testing the dispersion process.
Measurements of wind characteristics and preleminary dispersion
tests have to be performed
to take benefit of the possibility of
dispersion in the thousands of kilometers of deserted regions.
As controlled releases are envisaged in 3.4 and 3.5, doses are
limited to local regulations. The present cost of research is indicated.

- CONCLUSION

In conclusion, it seems possible to use the two envisaged strategies to allow the management of wastes from mines and mills but
several new experiments are necessary to test the inconveniences and
the advantages of the different systems and to select according to the
environment the optimized solution.
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CRITERIA FOR REMEDIAL WORKS AT
INACTIVE URANIUM MILL TAILINGS PILES
J. A. Caldwell1 and T. R. Wathen2

1Jacobs Engineering
5301 Central Ave, NE, Suite 1700
Albuquerque, NM 87108

^Morrison-Knudsen Engineering

INTRODUCTION
The US Department of Energy (DOE) oversees the Uranium Mill Tailings Remedial
Action (UMTRA) Project. This involves remedial action work at 24 inactive
uranium mill tailings piles in eight states.
The Uranium Mill Tailings Radiation Control Act of 1978, PL95-604, grants the
Secretary of Energy authority and responsibility to perform such acts as are
necessary to minimize health hazards and other environmental hazards from
inactive uranium mill sites. Standards for the project were developed by the
Environmental Protection Agency (EPA) and, following completion of the
remedial action, the individual sites are licensed by the Nuclear Regulatory
Commission (NRC). The two primary standards for the remedial action work are
that control shall be designed to:
o

Be effective for up to 1,000 year*, to the extent reasonably achievable,
and, in any case, for at least 200 years, and,

o

Provide reasonable assurance that releases of radon-222 from radioactive
material to the atmosphere will not exceed an average release rate of 20
picocuries per square meter per second, or increase the annual average
concentration of radon-222 in air at or above any location outside the
disposal site by more than 0.5 picocurie per liter.

In addition, the design is to rely on passive systems to reduce or eliminate
future maintenance.
To date construction work has begun at three of the tailings piles, and design
of the remedial work at the remaining piles is in progress. Before
construction work can begin, the Nuclear Regulatory Commission (NRC) has to
concur in the design of the remedial work. Also, the various states and
Indian tribes in whose areas the piles are located have to concur in the
detailed design.
For each site, a Remedial Action Plan (RAP) is prepared to document work to be
done to meet EPA standards. Concurrence for remedial action work is based on
the design and details contained in the RAP. The RAP is prepared by a Technical Assistance Contractor (TAC) for and on behalf of the DOE. The detailed
design of the remedial work and implementation of the remedial work is
undertaken for the DOE by a Remedial Action Contractor (RAC).
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In preparing RAPs, and designs for remedial action work to be undertaken at
the sites at which work is presently underway, frequent difficulty was encountered by the various parties involved in the design and concurrence
process in agreeing on the design criteria and methods to be applied and
accepted. This has led to the recent publication and acceptance of four major
documents that describe the general technical approaches and design criteria
to be adopted to prepare and implement a RAP which is consistent with:
o
o
o
o

State-of-the-art engineering practice.
EPA standards for cleaning up uranium mill tailings piles*
NRC requirements for concurrence.
The requirements of other concurring parties.

This paper describes these documents and highlights the important new and
innovative aspects of the documents that pertain to the design and construction of remedial action works at inactive uranium mill tailings piles.

THE TECHNICAL APPROACH DOCUMENT
This document is published by the DOE as the authority responsible for
managing the UMTRA Project. It has been developed as a joint effort by the
Technical Assistance Contractor and the Remedial Action Contractor.
The Technical Approach Document (TAD) describes the general technical
approaches and methods, and also the design criteria to be adopted to implement remedial action work that is consistent with the general standards
applicable to the UMTRA Project and acceptable to the various concurring
parties to a remedial action plan.
There are five main sections in the TAD. These are Surface-Water and Erosion
Protection, Geotechnical, Radon Attenuation, Water Resource Protection, and
Pile Layout. In the paper, of which this is the extended abstract, there
appears a detailed discussion of the main design requirements and criteria of
each section. Some examples are:
o
o

o

o
o

o

Precipitation criteria, for the design of erosion protection and runoff
control.
Criteria for the determination of the size of erosion protection riprap on
the tops and sides of piles; the applicability of and effect of considering interstitial flow in the erosion protection layer itself.
Seismic design criteria are discussed: what constitutes a capable fault
and how close to such a fault may a pile be located? What are the criteria for the seismic coefficient that is to be chosen for a structure
that has a design life of 1,000 years.
What is an acceptable moisture content of the radon barrier over the
tailings.
When should ground-water restoration be undertaken; and how to evaluate
the cost benefits of ground-water use over a design life of 1,000 years;
these are some of the issues to be discussed.
Rock quality assessment.

- 230 -

THE TECHNICAL STANDARD OPERATING PROCEDURES
These documents are prepared by the Technical Assistance Contractor-for the
DOE. The documents describe the standard procedures used to collect data,
analyze data, and record and interpret data. Also they describe methods for
documenting work. The UMTRA Project is an unusual government undertaking in
that it is aimed at improving the environment and protecting the public for a
considerable period: at least 1,000 years. Uranium tailings impoundment
reclamation is controversial, and hence the procedures to be applied at all
steps of the way are stringent. The Standard Operating Procedures are a step
in controlling and facilitating the process. In the paper of which this is an
abstract, the main aspects of the Standard Operating Proceudres that are
innovative or unusual are discussed.

THE DESIGN PROCEUDRES DOCUMENT
Design of a facility for a design life of 1,000 years involves approaches that
are not necessarily standard in the industry. Accordingly, for this program a
Design Procedures Document was compiled. This document was compiled by the
Remedial Action Contractor. It presents details of the calculation methods
adopted when evaluating and assessing such things as pile static and dynamic
stability, radon barrier thicknesses, erosion protection sizes, and many other
details. The main paper considers those aspects of the calculation procedures
that are different to normal practice and presents a brief discussion of even
the standard procedures used. The use of standard procedures in so crucial a
program is of interest, importance, and of value to others involved in the
future in similar undertakings.

THE NUCLEAR REGULATORY COMMISSION'S STANDARD REVIEW PLAN
This document was prepared by the NRC in order to document the steps they take
in reviewing an application for concurrence on a RAP. The document sets out
the data they require in order to assess a plan, the criteria they use in
evaluating a plan, and the issues they consider must be dealt with before they
can concur in a RAP. The paper of which this is an abstract will discuss the
NRC standards as they affect design and construction.

CONCLUSION
This paper will discuss the four main documents that govern the process of
design, of concurrence by regulatory bodies, and the construction of remedial
works at inactive uranium piles in the USA. The paper describes the general
technical approaches, design methods, criteria, and review philosophies that
govern the work. The paper is considered to be of value to all involved in
the process and to those who will become involved, or are likely to one day
implement similar programs in their own jurisdictions.
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REGULATORY CRITERIA FOR THE DISPOSAL
OF RADIOACTIVE WASTES
K.P. Wagstaff
Atomic Energy Control Board
P.O. Box 1046
Ottawa, Canada
K1P 5S9

In recent years, the Atomic Energy Control Board of Canada has published
regulatory policies, requirements and guidelines for specific aspects of
the management and disposal of different radioactive waste types. For
nuclear fuel wastes, Regulatory Document R-71 specifies qualitative
requirements for deep geological disposal and for Concept Assessment and
its documentation* ', whereas Consultative Document C-72 provides
guidance on geological factors that need to be assessed in siting a deep
geological repository* ', For uranium and thorium mines and mills.
Consultative Document C-36 addresses the licensing process and regulatory
requirements for waste management systems^ . Finally,
Consultative Document C-85 proposes numerical criteria for deriving
concentrations and quantities of very low level wastes that might be
disposed of with no special radiological precautions*4'.
In view of the wide variety of radioactive wastes under federal
jurisdiction and the increased emphasis being placed on developing and
implementing permanent radioactive waste disposal solutions, there is a
need to establish broadly applicable, quantitative regulatory criteria
for judging predictive performance assessments of disposal options. The
purpose of this paper is to review the framework and application of
quantitative criteria recently proposed by the AECB in Consultative
Document C-104 for the disposal of radioactive wastes in containment and
isolation systems * .
The current operation of radioactive waste management facilities and the
routine discharge of radioactive effluents from other nuclear facilities
are strictly regulated by the AECB using a comprehensive system of
licensing, compliance and enforcement activities. The specific
radiological criteria that have been established are based on the
recommendations of the International Commission on Radiological
Protection. In the disposal of radioactive wastes by containment and
isolation, any exposures after the cessation of emplacement and closure
operations will be dependent on a range of events and processes with
varying probabilities of occurrence and, in some cases, will be delayed
for considerable periods of time. In order to judge such hypothetical
exposures, it is proposed that for reasons of consistency and fairness
the criteria should be based upon an extension of the existing regulatory
framework.
The proposed regulatory framework is founded on the fundamental
objectives for radioactive waste disposal which address human health and
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environmental protection and our responsibility to future generations.
While some aspects of such a framework are beyond the mandate of the
AECB, they are included insofar as they bear on radiation protection or
on other matters of AECB policy. Thus, responsibility to future
generations is expressed in several ways* These include the role of
institutional controls in disposal options, the timing for implementing
these options and the level of risk imposed on future generations. In
the area of environmental protection, the protection of lining organisms
other than humans and of the physical environment are addressed, though
necessarily in a general way.
For the protection of human health, quantitative criteria are expressed
in terms of risk, where risk is defined as the probability that a serious
health effect will occur to an individual or his or her descendants. In
this way, the criteria take into account the probability of the exposure
scenarios, the magnitudes of the resultant doses and the probability of a
serious health effect arising from those doses, using a mortality risk
conversion factor of 2 x 10~ 2 Sv~1. Where institutional controls
are not a technically required safety feature of a waste containment and
isolation system, the appropriate risk criterion that is proposed is
1 x 10~ 6 , or 1 in a million, in a year. On the other hand, where
there is no realistic alternative to long-term institutional controls as
a safety feature, the risk to individuals may exceed 1 x 10~ 6 in a
year provided that this is compatible with the results of optimization
considerations and provided that the risk does not exceed that which is
presently accepted from current operations involving the same wastes.
In applying the radiological criteria to potential exposures in the
future, guidance is given on the definition of the exposed receptor and
the relationship between the criteria and the type of output from
different predictive modelling approaches. The paper also addresses the
timescale for which the criteria apply, confidence in predictions and the
assignment of probabilities to exposure scenarios.
In conclusion, a broad regulatory framework has been proposed for judging
the acceptability of radioactive waste disposal options in which wastes
are contained and isolated from the human environment. The framework is
applicable to a range of waste types including uranium tailings,
low-level wastes and nuclear fuel wastes.

REFERENCES
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PROVINCIAL PROGRAM FOR THE
ENVIRONMENTAL REGULATION OF
URANIUM MINING IN SASKATCHEWAN
R.G. Barsi
Mines Pollution Control Branch
Saskatchewan Environment
800 Central Avenue
Box 3003
Prince Albert, Canada
S6V 6G1
INTRODUCTION
In 1977 the Cluff Lake Board of Inquiry was assigned the task of conducting a public assessment into the then proposed Amok Ltd. Cluff Lake project and on a more general scale the future expansion of the Uranium
Industry in Saskatchewan. The terms of reference directed the Board to
"review all available information" and to "receive public comment" in
relation to the relevant questions. Consequently, the Cluff Lake Inquiry
extensively examined both the technical and non-technical aspects of
uranium mining in Saskatchewan. The Inquiry process was completed in May ,,,
of 1978 with the issuance of the Cluff Lake Board of Inquiry Final Report. '
In summary the Board felt that uranium mining and milling could be pursued
at Cluff Lake specifically and that the uranium industry could be allowed
to expand in Saskatchewan if adequate controls were instituted. From an
environmental perspective the Board recommended that "The administration
of the Pollution Prevention Regulations for the Mineral Industry, 1970,
be transferred from the Department of Mineral Resources to the Department
of Environment, which should be provided with sufficient field staff to
perform compliance monitoring, inspections and evaluations". Consequently,
in the Fall of 1979, the Mines Pollution Control Branch of Saskatchewan
Environment was established in Prince Albert.
Saskatchewan's Uranium Industry
Interest in Saskatchewan uranium began in 1934 when F.J. Alcock of the
Geological Survey of Canada discovered pitchblende on the North Shore of
Lake Athabaska (2). Further exploration resulted in development work
beginning on the Eldorado Mining and Refining Limited property at Beaverlodge
in 1948. Production began in 1953 and with the shut down of this operation
in 1982 the facility had produced 10 million t of ore and some 20 million Kg
of uranium, 10.1 million t of mill tailings and 4.8 million t of waste
rock (3).
The Gunnar mill went into production in 1955 and operated to 1964 with 5.5
million t of mill tailings generated. The Lorado mill operated from 1957
to 1960 and produced approximately 360,000 t of tailings (4).
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Other values must be identified and flagged in data handling systems. Simple
mass balance calculations should be performed on a routine basis. Absolutely
paramount is the need for consistent data collection, analysis, handling
and reporting.
Environmental Experience
Dr. Don Lush of Beak Consultants Ltd. was commissioned by our Branch to review
the environmental status of the Wollastori Lake receiving waters after ten
years of receiving effluents from the El dor Mines Rabbit Lake Operation.
He prepared a report entitled "An Environmental Evaluation of the Effects
of the Eldor Mines Rabbit Lake Operations on Wollaston Lake". As an overall
conclusion the report states that "on the basis of the available data, the
operation of the Rabbit Lake uranium mining and milling operation has had
no significant nor discernabie effect on the aquatic ecology, fishery or
any other use of the waters of Hidden Bay or Wollaston Lake".
Decommissioninig
It has been an endeavor of our Branch to encourage proponents to design decommissioning into a newly proposed project. This luxury was not always available
as was the case for the Eldorado Nuclear Beaverlodge Operation. After extensive
planning this site has been successfully reclaimed and is presently in the transition monitoring phase which will last for a period of five to ten years. If the
monitoring information demonstrates that the site has stabilized in an environmentally acceptable manner, institutional control will be implemented and
Eldorado Resources will be relieved of any further responsibility for the
property.
Should future work be required an "Environmental Protection Division" of the
Heritage Fund is available. The money for the fund was derived initially
from provincial revenues and is available for cleanup of unforeseen problems
which may arise at an abandoned uranium mine-mill site.
CONCLUSION
Since milling of uranium ores began in Saskatchewan in 1953, in excess of 20
million tonnes of tailings have been produced, and in excess of 16 million
tonnes of these remain on surface. The technology and operating methods for
the waste management systems has improved greatly in the intervening period
and a high level of performance is expected from both existing and proposed
mines. Regulatory experience indicates that existing operations a^e consistently meeting environmental objectives with respect to surface water effluents.
Technological and operational improvements are expected as additional experience is obtained.

- 236

-

The first new generation mine, Gulf Minerals Canada Limited began production at the Rabbit Lake property in 1975. This orebody was exhausted in
1984 and generated approximately 6 million t of tailings (5). Eldor Mines
recently initiated milling of the Collins Bay B-Zone orebody which is estimated at 3,100,000 t of ore with an average grade of 0.45% UgOg (6).
Amok Ltd. began milling of the D orebody in 1981. Approximately 54,000 t
of high grade ore was mined with a yield of roughly 3,600 t of uranium.
In 1985 the Cluff Lake Phase II operation began and is expected to recover
approximately 12,500 t of uranium (7).
The Key Lake mine and mill complex began production in 1983. Two ore
bodies are involved with the Gaertner expected to produce approximately
27,000 t of U 3 0 g and the Deilmann 54,800 t of U 3 0 g (8).
In May 1985 the Cigar Lake Mining Corporation was established. An excerpt
from their May 16, 1985 press release reads, "Priority for the new Company
will be the identification of a suitable underground mining method and
mill process for the Cigar Lake deposit, the largest high grade uranium
deposit in the world located one hundred and fifteen kilometres northeast
of Key lake. Drill indicated reserves are estimated at two hundred and
eighty five million pounds U-Og at a grade of 14% U-Og and inferred reserves are approximately one hundred million pounds U,0
at a grade of
J Bfl
4.7% U 3 ) 8 " .
Saskatchewan's Environmental Regulatory Program
The Mines Pollution Control Branch cf Saskatchewan Environment in responsible for ensuring that satisfactory environmental protection measures are in
place at Saskatchewan mine sites. The Uranium Division has been assigned
the task of administering the licensing and inspectorial aspects related
to the Uranium Industry. Annual licenses are issued to the operators which
include operating conditions and detailed environmental monitoring programs.
Operational sites are inspected at least once per month with compliance
water quality samples collected and analyzed. Each site has been assigned
a project officer who is responsible for maintaining an on-going evaluation
of the monitoring data collected both by the Company and our inspectors.
Similarly, the environmental status of each site is continually updated
with problem areas identified and remedial action initiated.
Quality Assurance
Significant sums of money are expended by the Industry and Regulatory agencies to measure and document the environmental impacts associated with a
Saskatchewan Uranium Mine. Extensive problems can be encountered if insufficient Quality Control is exercised in the field, in the laboratory or in
data handling (9) (10). These problems may be simple in origin, however,
the repercussions associated with invalid data are often extreme. These
problems can be resolved by implementing environmental monitoring programs
that are well planned in conjunction with adequate quality control programs.
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DECOMMISSIONING OF URANIUM MINES AND MILLS CANADIAN REGULATORY APPROACH AND EXPERIENCE
W. Whitehead
Atomic Energy Control Board
Ottawa/ Canada

The decommissioning of uranium mine and mill facilities in Canada and
elsewhere has only during relatively recent years been subjected to active
regulatory controls. This paper describes the application of such
controls to the recent decommissioning of three Canadian mines. The
various activities and corresponding regulator!' process, requirements and
criteria are described. Tentative post-decommissioning results are
presented and discussed in the context of recent Atomic Energy Control
Board (AECB) regulatory initiatives.
The announcement December 3, 1981 of the planned closure of the
Beaverlodge, Saskatchewan uranium mine and mill was followed closely by
similar announcements for the Agnew Lake and Madawaska operations in
Ontario. These closures occurred during the development of
decommissioning guidelines and criteria specific to uranium mine, mill and
waste management facilities. In response to Company requests for
regulatory direction, federal and provincial agencies adopted a
cooperative approach to the decommissioning of the Beaverlodge site that
recognized site specific circumstances, respective regulatory
requirements, and generally accepted principles relating to good
engineering practice, public health and safety, and protection of the
environment. In September, 1982, the AECB issued to Eldorado Nuclear
Limited, Decommissioning and Close-out Approval AECB-DCOA-130-0*^'.
That Approval established the regulatory constraints under which Eldorado
was to pursue development and implementation of an acceptable
decommissioning plan for Beaverlodge. It contained a number of general
and specific conditions relating to health, safety and protection of the
environment. Amongst these were several requirements and principles
proposed in AECB Consultative Document C-1, "Long Term Aspects of Uranium
Tailings Management - January, 1981"; in particular:
"The dose limits specified in the AEC Regulations shall be observed;
"Any exposures arising from the site should be kept as lo" as reasonably
achievable, economic and social factors being taken into account;
•The annual quantities of radioactive and non-radioactive contaminants
released to the environment should not exceed the corresponding releases
during the operational phase;
•Dust emissions from the closed-out site should be minimized in a manner
consistent with good engineering practice;
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•The use of passive barriers, natural or engineered to control radioactive
and non-radioactive releases from the closed-out site should be maximized;
and
•The use of containment systems which may be subject to abrupt degradation
of performance should be minimized and preference given to systems which
only degrade gradually.
In addition to the more generic conditions, several site specific criteria
were included in AECB-DCOA-130-0, such as:
•Application of provincial Water Quality Objectives at various points;
•Gamma attenuation criteria (requirements and objectives); and
"Decontamination criteria for salvaged materials.
Subsequent to completion of a number of relevant studies and
investigations, Eldorado submitted their proposal*5' for close-out of
the Beaverlodge site to the regulatory agencies in August, 1983. This
submission was approved by the agencies, and Decommissioning and Close-out
Approval AECB-DCOA-130-0 replaced by Decommissioning Approval
AECB-DA-142-0*^^. Issuance of the latter reflected acceptance of
proposed close-out plans, and the understandings that, subject to
completion of approved decommissioning activities and satisfactory
performance of the decommissioned site over a five-year monitoring phase,
AECB regulatory controls would be allowed to lapse, the Company would be
absolved of future obligations under the Atomic Energy Control (AEC)
Regulations, and the province of Saskatchewan would assume control of the
site.
Madawaska Mines Ltd. and Agnew Lake Mines Ltd. are decommissioning their
former operations under the terms of AECB licences, Decommissioning
Approval AECB-DA-139-0 " ' , and Decommissioning and Close-out Approval
AECB-DCQA-132-0*1* respectively. The regulatory process adopted for
both facilities paralleled closely the Beaverlodge approach, with similar
applications of generic and appropriate site specific requirements and
references to the implementation and review of appropriate
post-decommissioning monitoring programs.
In July, 1983 the AECB issued draft "Guidelines For The Preparation of
Decommissioning Plans For Uranium Mine Waste Management Systems". These
were followed by several additional Consultative Documents of potential
relevance to uranium mine and mill decommissioning, including C-36, "A
Guide To The Licensing of Uranium And Thorium Mine And Mill Waste
Management Systems"; C-59, "Regulations Respecting Uranium Mining"; C-85,
"The Basis For Exempting The Disposal of Certain Radioactive Materials
From Licensing"; and C-90, "Policy on The Decommissioning of Nuclear
Facilities". In addition, Consultative Documents proposing relevant
amendments to the AEC Regulations and surface contamination limits
for equipment and materials leaving uranium mines and mills are under
preparation.
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Subsequent to the completion of most decommissioning activities at the
Beaverlodge, Madawaska and Agnew Lake sites, appropriate monitoring
programs to assess their effectiveness have been implemented. While many
of these programs are ongoing and the associated results to date must be
viewed as tentative, the following general conclusions/observations appear
valid in the interim:
'Proposed decommissioning plans have been or are being implemented as
approved;
"Generic licence conditions have been or are being complied with, as have
or are site specific requirements relating to gamma field attenuation,
decontamination of salvaged materials, and grading, contouring and
rehabilitation of reclaimed areas;
"Annual quantities of contaminants discharged to the environment from the
decommissioned sites are unlikely to exceed operational releases;
•Compliance with most relevant water qualitv predictions/criteria appears
likely;
"The use of passive barriers to contain radioactive and non-radioactive
contaminants has been maximized; and
"Low population doses appear probable as a consequence of the
decommissioned sites.
In summary, it should be observed that the regulatory approaches and
criteria applied to the three sites are consistent with current regulatory
initiatives within the AECB. Appropriate allowances have been made for
site specificity while coincidentally ensuring public health and safety
and protection of the environment.
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PRELIMINARY DOSE ASSESSMENT
OF ON-SITE BURIAL OF DECOMMISSIONING WASTE
Sean B. Russell
-Ontario Hydro
700 University Avenue
Toronto, Ontario
M5G 1X6
INTRODUCTION
This paper presents an evaluation of the potential individual radiation
dose from one of the alternatives being considered for the disposal of
decommissioning wastes, namely the on-site burial of four reactor units
In an underground pit in a reference geologic environment. The dose
predictions were calculated using conservative values for the
radionuclide leach rate, transfer through the geosphere, dilution in the
biosphere and subsequent exposure to man.
BACKGROUND
The decommissioning of four reactor units assumes the removal of
Irradiated fuel and heavy water, followed by decontamination. The
station will then be kept In a storage-with-surveillance mode for
30 years, allowing much of the short-lived radlonuclides to decay to
innocuous activity levels.
After the 30 year time period, the station was assumed to be dismantled
and the active reactor components to be placed in four burial pits, one
below each unit.d) The dimensions of each pit are approximately
14 m x 18 m x 55 m deep. The pit will be backfilled with excavated rock
and concrete to minimize voids.
SOURCE TERM
The radionuclide inventory in the burial pits will consist of fission and
corrosion products and activated reactor components. Most of the fission
and corrosion products were assumed to be removed during decontamination,
however some residual activity was assumed to remain. The total residual
activity was calculated to be less than 3.7 x 10^® Bq based on a
40 year station life, a decontamination factor of 50 and a 30 year decay
period. This activity was assumed to be leached into the groundwater
within one year after burial. No credit has been taken for the
structural integrity of the components in the burial pit to delay
leaching of activity.
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The fixed activity in the carbon steel, austenitic and martensitic
stainless steel and in the pressure
and calandria tubes were calculated
using the ORIGEN computer code* 2 ), and totaled about 10* 6 Bq. The
leaching of activity into the surrounding groundwater was based on the
corrosion rate of the components.
The distribution coefficients (Kd) for the radlonuclides in the burial
pit and surrounding geomedia were assumed to be 10 m]/g for all
radionuclides except C-14 which had a Kd of 0 ml/g.
GEOSPHERE TRANSPORT
The migration of radionuclides through the subsurface environment was
modelled using d e a r y ' s ^ ) two-dimensional dispersive-advective
transport model. The flow of groundwater through the limestone was
assumed to be horizontal with a groundwater velocity of approximately
3 m/yr, over a travel distance of 300 m to a large lake. The activity
was assumed to discharge into the lake and become dispersed by lake
currents running parallel to the shore.
BIOSPHERE TRANSPORT
The radiological pathways to man are based on the lake water exposure
scenario. Near the discharge area, the contaminated lake water was
conservatively assumed to be used by a farmer who is self-sufficient for
all food requirements. The water was assumed to be used for drinking,
irrigation of vegetable crops, watering of livestock and general domestic
use. The farmer was also assumed to consume fish from the contaminated
lake water. Average diet and equilibrium transfer parameters^) were
used throughout the analysis.
RESULTS
The maximum annual dose rate to the hypothetical farmer near the
discharge location was calculated to be approximately 3 x 10~ 5 Sv/yr.
The breakdown of dose rates for the radionuclides are given in Table 1
along with the time after burial for the maximum dose rate.
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TABl.E 1
DOSE RESULTS
Radionuclide
C-14
Fe-55
Co-60
Ni-59
Ni-63
Zr-93
Nb-94
Mo-93
Sn-121m
Cs-137
Pu-238
Pu-239
Pu-240
Am-241

Dose Rate* (Sv/vr)
3 xX 10-5
10-9
< 10-9
10" B
4 Xx 10"°
10-9
10-7
2 Xx 10"'
2 X 10-8
10-9
< 10-9
< 10-9
< 10-9
5 Xx 10-7
10"'
10-7
6 Xx 10"7
< 10~9

Time** (vr)
120
4700
4700
4700

4000
4000

* Maximum annual dose rate.
** Time of maximum annual dose rate after burial pit closure.
DISCUSSION
The predicted maximum annual dose rates from the decommissioning wastes
were significantly below the Atomic Energy Control Board public dose
limit of 5 x 10" 3 Sv/yr. The critical radionuclide was C-14 and the
critical pathway was fish lngestion. Doses from the other nuclides were
significantly less than the dose from C-14.
Since a Kd of 0 ml/g was assumed for C-14, its migration through the
geosphere was essentially the same as the 3 m/yr groundwater velocity.
Therefore, using a mean travel distance of 300 m, the C-14 exposure will
begin about 100 years after closure. Exposure to the other nuclides
occurred at much later times because of the chemical retardation of these
nuclides in the geosphere.
CONCLUSIONS
The individual dose resulting from the on-site burial of decommissioning
waste from 5a four-unit CMIDU station has been conservatively estimated to
be 3 x 10" Sv/yr or 3 mrem/yr. This dose rate was due primarily to
C-14 leached from the carbon steel and stainless steel reactor
components. The actual dose rate is expected to be less than the value
quoted here because of the large degree of conservatism employed in the
analysis. From a radiological safety perspective, the on-slte burial of
these wastes is a viable management option for decommissioned reactors.
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SUMMARY
SPREADSHEET MODELLING OF RADIOLOGICAL IMPACTS FROM
RADIOISOTOPE DISPOSAL IN MUNICIPAL WASTE SYSTEMS

Wilson Eedy, Paul McKee and William Snodgrass
Beak Consultants Limited, Mississauga
and
Robert Maloney, Atomic Energy Control Board, Ottawa
The Atomic Energy Control Board (AECB) controls the uses of radioisotopes and
the management of wastes resulting from radioisotope use through licences. In
most cases, wastes generated through the use of radioisotopes are required by
licence condition to be sent to Chalk River Nuclear Laboratories for storage. In a
few special cases where the amounts of radioisotope are very small, or where the
activity of the radioisotope is very low, or where the radioisotope has a very short
half-life, the radioisotope is permitted to be released to regular waste
management systems such as municipal landfills,municipal incinerators or the
municipal sewage treatment systems. Some examples of such cases are smoke
detectors, and excretory products of patients undergoing nuclear medicine
treatments. The AECB commissioned this study (1) to determined the doses to
individuals working in municipal waste management systems and to populations of
cities where small amounts of radioisotopes are disposed of through the municipal
waste management systems. A secondary objective was to provide the AECB with
a generic tool which could be easily applied to similar predictions in other
locations.
To carry out this study, it was first required to select a generic city having:
•

a population size representative of many cities in Canada;

•

as many different types of radioisotope users as possible;

•

all the possible municipal waste management systems; and

•

a well established data base on its waste management systems.

Using these criteria, the Hamilton-Burlington area surrounding Hamilton Harbour
was selected.
To meet the first major objective of the study, a number of approaches were used:
•

Consultation with hospitals, research facilities and other licensees was
used to determined the sources, radioisotopes of potential concern, annual
volumes used and disposal methods.
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•

An evaluation of the literature provided algorithms to predict transport
through the various atmospheric, aquatic and food chain compartments
(2).

•

Site reconnaissance and monitoring studies were used to identify the
partitioning, environmental dispersion and pathways for the various
radioisotopes to be studied.

•

Discussions with municipal engineers and on-site observations were used
to determine the critical groups of municipal workers who potentially
receive the highest doses from various waste treatment pathways as well
as their probable exposure history.

•

Calculation of collective doses for the population of the HamiltonBurlington area and the occupational subgroups of that population.

•

Calculations of individual doses to workers in the various disposal
pathways and to typical individuals in the subgroups of the area
population.

To meet the requirements of the second study objective, it was decided to utilize
an existing commercial software spreadsheet package rather than programming
algorithms directly into a site-specific model. The spreadsheeting approach
allows the model maximum portability for application to other municipalities. In
this approach, each term of the various algorithms, as well as the mathematical
interactions between them were assigned columns in 25 interacting spreadsheet
matrices. Additional matrices were utilized to perform sensitivity analyses. An
operation manual was also prepared describing each column of data, their purposes
and how they interacted. With minimal computer background and utilizing a
standard personal computer, these spreadsheets can be used to predict impacts in
other cities or impacts of different levels of radioisotope disposal in the area
studied.
The model was developed using conservative assumptions and conservative
estimates for some parameter values. The conservatism in these assumptions and
parameter values means that doses calculated by the model are overestimates.
Within the occupation critical group, the maximum doses were calculated for the
Hamilton sewage treatment plant sludge worker at 1.4E-6 Sv/a. If this individual
were also a member of the critical group in the general population, the maximum
dose would be 2.2E-6 Sv/a. Individual doses to the critical group within the
general population were calculated as 7.7E-7 Sv/a for infants. These compare to
AECB regulatory limits of 5.0E-2 Sv/a per person for atomic radiation workers
and 5.0E-3 Sv/a per person for the general public. The collective population dose
for the study area was 1.37E-1 person-Sv/a, or an average dose of 2.6E-7 per
person for the 525,000 population. Over 80% of the critical group impact and 98%
of the per caput doses predicted result from the aquatic pathway. The
radioisotope primarily responsible for these doses (and their sources) include 1-131
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(medical), P-32 (research), 1-125 (research) Am-2(tl
atmospheric pathway) and T1-201 (medical research).

(smoke detectors

-
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SAFETY ASSESSMENT
FOR
A DOUBLE BARRIER IN-GROUND CONTAINER FOR HASTE STORAGE
L.L. Hang
Ontario Hydro
700 University Avenue
Toronto, Ontario
M5G 1X6
INTRODUCTION
Double-barrier in-ground containers are the latest storage structures to
be constructed at Ontario Hydro's Bruce Nuclear Power Development (BNPD)
for the storage of medium level solid radioactive waste. The design of
the In-ground containers is an improvement over the existing in-ground
design by eliminating the need for a subsurface drainage system, and the
massive excavation and backfilling operations. The in-ground container
is constructed of two concentric, thick steel pipes with a welded steel
bottom and bolted steel lid. Each in-ground container is 61 cm (24
Inches) in diameter and about 7.6 m (25 feet) deep and has a nominal
storage capacity of 2 m^ of radioactive wastes. The interspace between
the steel pipes can be periodically Monitored for radiation dose rate and
also used to detect the presence of any water.
The in-ground container facility is located at the BNPD Radioactive Haste
Operations (RHO) Site 2 (see Figure 1). The Quarternary deposits in the
vicinity of the In-ground container facility are divided into three
units: a surflcial and gravel unit, a silty glacial till unit and a
basal sand and gravel unit. Underlying these deposits are fractured
carbonate rocks which are more permeable than the overlying glacial till
material. The glacial till unit is continuous with occasional pockets of
sand and gravel lnterbedded in the glacial till. The thickness of
glacial till in this area is about 12 m.
The water table at the In-ground container facility is at a depth of 1 to
2 m below the ground surface. The three-dimensional distribution of
hydraulic head in the glacial till indicates that the direction of ground
water movement through the glacial till Is downward towards the fractured
bedrock. The downward hydraulic gradient is 0.75, the hydraulic
conductivity and porosity are 5 x 10'& cm/s and 0.19, respectively.
Using the Darcy equation, the estimated ground water velocity In the
glacial till Is 6 cm/a. Based on a number of studies and investigations,
the ground water flow Is to the north or northwest to Lake Huron or to
the northeast property boundary of the BNPD site.

- 249

-

DESIGN ACCIDENT ANALYSIS SCENARIO AND ASSUMPTIONS
The worst credible accident scenario has been identified as ground water
contacting the stored waste through a failure of the two barriers of the
in-ground container.
The ground water in contact with the wastes is assumed to leach
radioactivity at a constant rate of one per cent per year. Activity is
assumed to be continuously released from a failed in-ground container for
one year, when remedial action is taken to prevent further release. No
credit is taken for monitoring response from the structure monitoring
program or the BNPD perimeter subsurface monitoring system, within this
time. The contaminated flow is assumed to travel downward to the lower
aquifer then move horizontally reaching a hypothetical public well at the
BNPD northeast property boundary, or one of the wells within the BNPD
property boundary.
Case 1 - Hypothetical Public Hell
The hypothetical public well is assumed to be located at or near the
north or northeast property boundary which is about 2 km from the storage
site. The critical group is assumed to live on a farm that derives its
potable and irrigation water from the public well. The pathways
considered are through the drinking of the contaminated well water,
consuming livestock watered from this well, and eating vegetable crops
irrigated with such water. Other pathways would be minor.
Case 2 - Veil Within Property Boundary
The well within the property boundary, nearest to the storage site, is
located about 700 a in the northern direction. A worker is assumed to
drink water, on the job, from this well. Other pathways, e.g..
Irrigation, would not be applicable. No credit has been taken for the
fact that the well is sampled and analyzed for radioactivity regularly.
ANALYSIS METHOD
The migration of radionuclides leached from radioactive wastes in an
in-ground container to a well down-gradient from the storage site has
been simulated
with the aid of the computer model Subsurface Transport
(SST)'1). which incorporates the ICRP26<2> methodology for
calculating the dose to nan from exposure to radionuclides in the
envi ronment.
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RESULTS
Case 1 - Hypothetical Public Hell
The committed effective dose equivalent to an adult via the three
aforementioned pathways for a failed in-ground container was
approximately 7.9x10"* Sv/a (79 nrem/a). This dose would be expected
to occur approximately 120 years after the in-ground container facility
failure and would be the maximum dose to a member of the critical group.
The period of exposure would depend upon the spread of the contaminant in
the ground water and how quickly the release was detected.
Case 2 - Hell Hithin Property Boundary
The maximum dose that a local worker would receive from drinking water on
the job from the nearest well, under the above accident scenario, was
approximately 2.88xlO~4 Sv/a (28.8 nrem/a) for a failed in-ground
container.
CONCLUSION
Given the many conservative assumptions used in the analysis and the very
low probability of an undetected leak resulting from a number of
failures. It is concluded that the risk (product of all probabilities of
failures times consequences) due to the long term utilization of the
in-ground container facilities is extremely low.
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INTRODUCTION
The COSMOS code is being developed by the Waste Management Technology Division
at CRNL. It is being used for safety assessment of a Shallow-Land Burial
Facility (consisting of a concrete vault with a floor of sand/clay mixture,
buried in permeable overburden), but it is suitable for a range of shallow
burial problems.
At present, COSMOS handles scenarios with an elevated water table, where the
vault is partially flooded and contaminated water can escape.
COSMOS
COSMOS has probabilistic assessment methods, like SYVAC, but a different
structure. A system of programs with information transferred through files
(Fig. 1) ensures versatility and makes expansion easily possible. A single
procedure controls the system processing according to the user's
specifications.
The input file to program SAMPLE defines the scenario. It provides data for
the program, and also appears in each succeeding file to identify it and
provide information for following programs. The SAMPLE output file consists,
therefore, of this basic scenario information, as the first record, followed
by a specified number of records each containing a complete set of stochastic
realizations of parameter values.
COSMOS can be run in one of two modes. In the stochastic mode, a consequence
is computed for each parameter set, in the form of doses to humans as
functions of time. Any parameter set of the SAMPLE output file can be run by
COSMOS in a deterministic mode so that each stage of the scenario can be
examined in detail. The COSMOS output file, therefore, consists of the
scenario record plus either the consequence records for each parameter set if
stochastic, or detailed results of a certain parameter set (such as
concentrations at various stages) if deterministic.
Within COSMOS, appropriate submodels represent each section of a migration
pathway, from disposal to the environment. LIXY. describes leaching from
containment; HADES models diffusion and advection in successive layers of
vault materials or surrounding ground; HYDROS models transport in surface
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development, deals with container failure and the movement of groundwater into
and out of the vault. At the appropriate stage of the scenario, radionuclide
concentrations at each time are converted to doses using information
previously computed by the program BIOS. The modularity of each submodel is
maintained by requiring a certain common block structure, and hence
information flow.
Analysis, reduction and plotting of the data in the COSMOS output file is made
by the program DISPLAY. In the deterministic mode, plots of the detailed
results are drawn. In the stochastic mode, the probability of exceeding a
given dose rate at a given time is computed and stored in an array. This can
then be plotted as a three-dimensional surface (fig. 2) or used to calculate
and plot maximum risk. The DISPLAY output file, consisting of the scenario
record plus the probability array for the scenario, is then catalogued.
RESULT
A first assessment has been made for the extreme scenario of a constantly
flooded vault. Figure 2 shows the result of this assessment as a
three-dimensional surface where the dimensions are: time, whole-body
dose-rate for adult, and probability of exceeding a dose rate at a specific
time. Stochastic results can also be displayed as maximum risk versus time,
and as contour plots.
CONCLUSION
Work is in progress for quality control, for verification of the mathematics,
and validation of the models by comparing scenarios with other assessment
codes. Other models will be necessary to describe other types of scenarios,
such as gas generation from decomposing waste. There is an emphasis on
keeping COSMOS transportable and user-friendly.
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Figure 1.

Internal and External Structure of COSMOS
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Figure 2. Tci-Dimensional Display of COSMOS'Results
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MODELLING THE LONG TERM EVOLUTION OF
RADIOACTIVE HASTE DISPOSAL ENVIRONMENTS

C J G Frizelle*, J E Mutton*, P S Upton* and B G J Thompson*
* Dames fc Moore, 15-17 Church Street,
Twickenham, TW1 3NJ, United Kingdom.
+ Department of the Environment, London, UK

Post-closure radiological risk assessment of radioactive waste disposal
involves attempting to predict the release of radionuclides from a
repository, their transport through geosphere (geological media) and
biosphere and uptake by man. The timescales for which assessments are
required - up to one million years post-closure - are such that the
environmental
system
within which release, transport and uptake
processes operate undergoes radical changes. This paper describes a
computer code, TIME2, which was developed to allow the long-term
evolution of the environments of shallow disposal to be modelled. The
code has been developed as part of the research programme of the United
Kingdom
Department
of
the
Environment
into radioactive waste
management; it forms part of an overall post-closure probabilistic risk
assessment methodology.
Potentially
significant
events
and processes (both natural and
human-induced) were initially reviewed, with the aim of defining those
which could significantly affect the environmental system state and
hence radiological risk, by causing a direct release of radionuclides
from the repository or altering rates of release and transport in the
environment.
A dynamic time-dependent system was defined, with two
primary drivers: climatic change and crustal processes.
Climatic
change drives surface processes, the most important of which is the
expected renewal of ice sheet growth and advance, culminating in the
physical destruction of a shallow repository. Glaciation alters the
surface environment so greatly that it is not considered possible to
model
beyond
this time for shallow disposal, ie the parameter
uncertainty
becomes
unacceptably
large.
Other geomorphological
processes are active up to this time, such as river and slope erosion.
Climate also exerts a fundamental control on the groundwater flow
system.
Crustal processes in a compressional tectonic regime (such as
Southern England) will likely remain quiescent as ice sheets advance.
The major implication of this is that seismicity, with its potential to
enhance
repository
release
and
geosphere transport by induced
fracturing, is expected to remain at its current low level. External
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to the system described above but partly influenced by climate ace
human activities, major effects being alterations to land use (and
hence biosphere state) and intrusion (leading to direct release).
Drawing on previous attempts to model site evolution, a Monte Carlo
simulation approach was chosen for the TIME2 code.
This has the
advantage
of
enabling
the
considerable uncertainty in process
parameters to be taken into account, but the disadvantage of requiring
significant computer processing and storage resources. The existing
Far Field State Model (FFSM), developed for the US Department of
Energy, was used as a vehicle for development, although an entirely new
set of sub-models has been developed to model the system of processes
and events described above. The use of novel approaches to some of the
modelling tasks enabled both efficient and accurate analyses. Typical
of this is the modelling of ice sheet growth and advance and the
subsequent eustatic and isostatic effects on sea level and land
elevations (by crustal warping).
By adopting a modular approach to
coding, future enhancements are facilitiated. The code consists of an
executive, controlling a series of input, initialisation, sub-model,
finalisation and utility modules.
Some modelling is carried out by
initialisation modules, outside the time-step loop within which the
sub-models operate, thus increasing efficiency.
Output from TIME2 consists of probabilistic information over time on
the changes in key environmental system state parameters: repository
integrity (which nay be violated by intrusion or erosion), groundwater
recharge, geosphere permeability, surface water flow and biosphere
state.
This data enables change in the environmental system state over
time
to
be modelled coherently.
A time-dependent post-closure
radiological risk assessment methodology for shallow disposal has been
proposed,
using
TIME2 to incorporate evolution of the disposal
environment, and is currently the subject of a feasibility study. If
successful, this methodology will represent a significant advance in
the accuracy and realism of risk assessment.

NOTE; This paper is based on consultancy work being carried out for the
United Kingdom Department of the Environment, who have approved the
above abstract for submission to the Conference. The views expressed,
however, are those of the authors.
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THE PRACTICAL APPLICATION OF VARIANCE REDUCTION TECHNIQUES
IN PROBABILISTIC ASSESSMENTS
J.R. Walker
Vhiteshell Nuclear Research Establishment,
Pinawa, Manitoba, Canada ROE 1L0
The use of variance reduction techniques in probabilistic assessments is
examined, using an actual assessment model as an example. Such techniques
may allow probabilistic assessments to be performed more efficiently. The
example used in this paper
is the radon dose model used in an assessment of
uranium mine tailings11'.
The rationale for performing a probabilistic assessment (and hence basing
the performance
objective on risk) is to avoid the absolutism of a
'worst-case7 analysis. That is, the treatment or disposal concept might be
rejected outright by a high dose from a 'worst-case' analysis, even if the
probability of that worst possible consequence is very low. Such problems
do not arise if the performance assessment is
based on combined
probability-consequence (risk) information'2'.
In the range of doses likely to be encountered in the treatment or disposal
of uranium mine tailings an exposed individual may, or may not, experience
a deleterious health effect. The probability of a stochastic health effect
may be regarded as proportional to the dose level. The constant of
proportionality (y) that
relates the health effect probability to the dose
level is around 2xlO"2 Sv" 1 ( 3 ) . In this paper the radiological risk to an
individual is defined by,
R • T P(H) H .dH

, where,

Jo
R is the radiological risk to an individual (health effects per annum),
H is the dose level (annual dose equivalent), and
p(H) is the probability density function (pdf) of annual dose equivalents.
Now, from the mathematical properties of probability density functions,

-X,
Jo

R . y p(H) H .dH

. yH

,

where B is the mean annual dose. Thus, the calculation of the annual risk
reduces to the calculation of the mean dose (H).
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In a probabilistic assessment parameter values are sampled from their pdfs,
and the annual dose equivalent for each realization (H i ) is calculated.
The estimate (E(H)) of the mean of H is calculated from the mean annual
dose obtained from many realizations. It is not possible a priori to
calculate hov far the estimate E(H) will be from the true mean H. However,
the central limit theorem allows confidence bounds to be placed on E(H)
provided that sufficient realizations have been performed. The convergence
properties of E(H) with respect to the number of realizations must be
investigated. An example of the convergence of E(B) using the radon dose
model is shown in Figure 1.
In general, the standard deviation of E(H) is equal to o^/Zn , where o^ is
the standard deviation of the values of Hi obtained from the n
realizations. The value of 0g is determined by the model, the parameter
pdfs, and the sampling technique used. The aim of variance reduction is to
use sampling techniques to reduce the value of aH, and hence obtain a more
accurate value of E(H) with a smaller number of realizations.
Several sampling techniques have been proposed to reduce the variance of
E(H). The most commonly proposed variance reduction techniques are
stratified sampling, Latin hypercube sampling, and the use of antithetic
variables.
Stratified sampling and Latin hypercube sampling involve the partitioning
of parameter pdfs into several equal-probability intervals. Parameter
values are selected from these intervals according to the appropriate
sampling scheme. The aim being to ensure that the full range of possible
parameter values is covered in an efficient manner. In stratified sampling
every combination of pdf intervals is used in calculating E(H). Hence
stratified sampling corresponds to a full factorial experimental design.
In Latin hypercube sampling an individual pdf interval is used only once in
calculating E(H), and hence Latin hypercube sampling corresponds to a
highly fractionated factorial design.
In antithetic sampling a negative correlation is induced between pairs of
parameter values. In one realization the parameter values are randomly
selected according to their probability density functions. A second set of
parameter values is then calculated such that the negative correlation to
the first set of values is maximized. This calculated second set of
parameter values is then used in a second realization of the assessment
model. The effect of this process is a reduction in variance of the
system.
These variance reduction techniques have been applied to the radon dose
model to determine the practical advantages of these techniques. Some
results of the analysis are illustrated in Figure 2, where the relative
error in E(R), relative to the converged value of H, is given as a function
of the number of realizations.
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Antithetic sampling and Latin hypercube sampling give improved estimates of
H at lov numbers of realizations, as is illustrated in Figure 2. As the
number of realizations increases, the. results converge to that of simple
random sampling.
Stratified sampling appears not to give an improvement in the accuracy of
E(H), and is not recommended for use in probabilistic assessments.
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PROBABILISTIC MODEL FOR PERFORMANCE ASSESSMENT OF
LONG-TERM EFFECTS OF URANIUM TAILINGS
R.W. Holmes
National Uranium Tailings Program
Canada Centre for Energy and Mineral Technology
Energy, Mines and Resources Canada
b5b Booth Street
Ottawa, Ontario K1A 061
D.8. Chambers, B.E. HalDert and D . I . Beals
SENES Consultants Limited
Since 1982, the National Uranium Tailings Program (NUTP) has conducted
several studies to address the long-term effects of t a i l i n g s . The
ultimate program goal is to supply enough information and an assessment
methodology to help choose s i t e - s p e c i f i c t a i l i n g s disposal options.
I d e a l l y , the disposal option selected should provide a "walkaway"
situation such that perpetual care of the tailings is not required.
One of the major areas of NUTP work is the modelling program. The broad
objective of this program is to provide a means of predicting contaminant
movement from the t a i l i n g s source, along pathways, to man and his
environment, following closeout of milling operations.
The physical system being modelled is complex. Models for the chemical,
physical, and biological behaviour of the contaminant species and
pathways are required. Many parameters in these models are uncertain and
v a r i a b l e . To e x p l i c i t l y allow f o r incorporation of uncertainty, a
p r o b a b i l i s t i c modelling route was chosen. This dictates a two-level
approach to the mathematical models: detailed, research-level component
models based on f i e l d and laboratory research f o r gaining a good
understanding of the various processes, and more s i m p l i f i e d component
models based on the aggregate results of the more complex models for use
in the probabilistic system model approach (Figure 1).
The generic system model has been developed by SENES Consultants Limited
in three stages of model development and assessment of a hypothetical,
but t y p i c a l , t a i l i n g s s i t e . The system model may be used in s i t e specific applications by altering the input data and component models as
appropriate to the site characteristics. I t is planned to demonstrate the
system model's use on two real sites: at Lacnor in the Elliot Lake region
of Ontario, and at Rabbit Lake in northern Saskatchewan.
The hypothetical site used for system model development and assessment
demonstration was assumed to consist of low-grade pyritic tailings placed

in a natural depression formed within the upper reaches of a valley.
Contaminant movement in the water environment is modelled through a
series of river and lake segments comprising an entire watershed.
Dispersion in the air environment is modelled in 16 radial directions
from the site for a distance of up to 50 km. Receptor doses are
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calculated at up to 80 locations from six key pathways of exposure to
five of the principal radionuclides associated with uranium tailings.
Time-dependent behaviour was a p a r t i c u l a r l y important aspect of the
investigations. To this end, i t was necessary to develop time-dependent
models and methods to handle time-varying parameters to simulate releases
of radionuclides and other species from the t a i l i n g s source and t h e i r
subsequent behaviour in the environment for time periods extending up to
1000 years.
The p r o b a b i l i s t i c s i m u l a t i o n technique incorporates p r o b a b i l i t y
distributions for model input parameters, rather than the single (often
conservative) input values used in traditional deterministic analysis,
and produces a distribution of output values. As an i l l u s t r a t i o n , Figure
2 shows the results of a p r o b a b i l i s t i c simulation of the dose to a
hypothetical reference receptor. The output is a d i s t r i b u t i o n of dose
rather than a single dose, providing considerably more information on
which decisions may be based.
The paper presents results of receptor dose predictions from each of the
pathways of exposure for the reference s i t e for a 1000 year simulation
period. The r e l a t i v e contributions of the radionuclides to the t o t a l
dose are also examined. Finally, methods of examining the outputs from a
probabilistic assessment are presented.
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Figure 2
HISTOGRAM OF TOTAL DOSE
AT T=O FOR SCENARIO 1

L

i
i-

t

SUMMARY

M

i
i

<

3

i i

>

< I i I

i \ i\

L

•*

<

>

i

i if

STATISTICS:

MEAN : 2 4 - 0
STANDARD DEVIATION : 12-4
GEOMETRIC MEAN = 21-2
GEOMETRIC STANDARD DEVIATION - 1-64
MINIMUM - 4 - 2 9
MAXIMUM : 8 0 9

i •: !
O

i
\ i

IT
U-

4

i

Y

i
L

n

If
>
20

r

J

xI

h
40

DOSE (/iSv/yr)

- 266 -

SEEPAGE AND TRANSPORT MODELLING FOR
A URANIUM TAILINGS DA"1 IN NORTHERN SASKATCHEWAN
L. Lam, S.L. Barbour and W.A. Meneley
Department of Civil Engineering
University of Saskatchewan
Saskatoon, Saskatchewan
Disposal facilities for uranium tailings are commonly designed as surface
or shallow subsurface facilities.
To design such facilities an
understanding of contaminant transport processes under both saturated and
unsaturated flow conditions is required. In the past, numerical models
have been used extensively to model the processes of fluid flow and
contaminant transport. In most cases these models have been developed to
handle transport in only the saturated portion of the flow system. Little
attention has been given to modelling flow and contaminant transport in
unconfined flow systems where the entire subsurface domain is treated as
one region encompassing both the saturated and unsaturated zones.
In May 1983, a cooperative research project between Amok Ltd./Cluff Mining
and the Department of Civil Engineering at the University of Saskatchewan
was established to develop and verify modelling software to simulate
groundwater flow and contaminant transport in unconfined flow systetis.
During the last 3 years extensive model development, laboratory evaluation
of material properties, and numerical modelling of the operational and
decommissioning stages of the tailings impoundment at the Cluff Lake mine
have been undertaken.
The first part of the paper briefly summarizes the theoretical basis,
formulation, and capabilities of the two-dimensional finite element model
that has been developed. The model consists of a transient seepage program
(TRASEE), a contaminant transport program (TRACON), and a post-processor
graphics package (GPLOT). Figure 1 illustrates the relationship between
the three computer programs. For a particular transport problem, TRASEE
defines the flow regime, TRACON computes the contaminant concentration with
time and GPLOT facilitates the presentation of the computed results in
graphical forms. The model can be used to simulate ground water flow and
contaminant transport in saturated/unsatuirated flow systems.
The
formulation for this model involves the solution of two governing
differential
equations; a
transient
seepage
equation
and
an
advection-dispersion equation. The finite element solution of these two
equations is based on the Galerkin weighted-residual method.
The
nonlinearity of the seepage equation in the unsaturated soil zone is solved
by iterative techniques.
The second part of the paper describes the physical properties of several
materials at the site including the deposited tailings, fine sand and
glacial till. Laboratory testing included the determination of grain size
distributions, soil moisture retention curves and coefficient of
permeability as a function of matrix suction.
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Figure 1 Flow Chart of the Seepage and Contaminant
Transport Model Systen
The third part of the paper presents the modelling results on the
operational performance of the Cluff Lake Mine tailings impoundment. A
representative section through the tailings dam is studied in detail.
Figure 2 illustrates the general layout and material parameters of the
section. Field monitoring along this section has been in place for 9
years.
In addition, investigations during design of the tailings
impoundment provide initial estimates of the hydraulic properties of the
materials at the site. Extensive model calibration on this section was
performed through refinement of the initial field estimates of material
properties. The model was calibrated to the following field monitoring:
(i)

location of the water table based on the piezcmetric readings at TZ
276, TZ 280 and TZ 286.
(ii) toe drain discharge record (check point 4)
(iii) an estimate of the total flux through the section based on watershed
water balance
(iv) contaminant arrival times at various monitoring points (Toe drain
sump #2, TZ 276 and TZ 280)
By calibrating to constraints of not only piezometric head within the flow
systen, but also to known fluxes and velocities, a significant degree of
confidence in the numerical simulation of the existing flow system is
attained. This calibrated model of the system can then be applied to
prediction. Possible decommissioning options for the Cluff Lake tailings
are being evaluated at present using this calibrated model.
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IN UNSATURATED URANIUM MILL TAILINGS
by T. W. Constable1 and W. J. Snodgrass2
1

Environment Canada, Wastewater Technology Centre,
867 Lakeshore Rd., Burlington, Ontario, L7R 4A6
*
Beak Consultants Ltd., Mississauga, Ontario

The results of a 7 year leaching study on 20 year old tailings, fresh
tailings, and fresh tailings solidified by a proprietary process are
presented. The data from the study give insights into the effects of
rainfalL rate and solidification on the geochemical process of tailings
acidification and the leaching of Ra-226 and thorium isotopes.
All experiments were conducted in duplicate under conditions which emulate
the unsaturated zone of tailings. The 20 year old tailings were placed in
0.3 m diameter by 1.2 m deep cyclindrical lysimeters, and received water
at three rates which were approximately equal to 0.6, 1.3 and 7 times the
natural rainfall rate. The fresh tailings and solidified fresh tailings
were placed in 0.6 m x 0.9 m b y 0.4 m deep rectangular lysimeters, and
received water at approximately 2 times the natural rainfall rate.
The main dissolved ions in the leachates from the 20-year old tailings
were hydrogen, iron and sulphate. Conductivity and total dissolved solids
(TDS) concentrations were approximately an order of magnitude lower in
leachates from the lysimeters receiving water at the high application rate
than in those from the lysimeters receiving water at the low application
rate. The cumulative TDS flux from both the low and high rate lysimeters,
however, was approximately the same during the 7 year study, and the
amounts of pyrite remaining in the low and high rate lysimeters at the end
of the study were essentially the same. This indicates that the order of
magnitude difference in TDS concentrations was mainly due to dilution, and
suggests that the acidification rate is independent of the water addition
rate, as would be expected if pyrite oxidation is bacterially controlled
and follows zero order kinetics.
On a mass basis, 0.8% of the Ra-226 in the high-rate lysimeters but only
0.02% of the Ra-226 in the low-rate lysimeters was leached during the
study. Ra-226 levels in the low-rate leachates generally decreased over
the 7 years from 3.7 Bq/L to less than 0.56 Bq/L. Ra-226 levels in the
high-rate leachates remained relatively constant at about 0.74 Bq/L for
the first 3 years, then increased to peak at 19 Bq/L after 6 years. The
commencement of this peak coincided with an order of magnitude decrease in
iron and sulphate concentrations. Based on the results of KC1-EDTA
washing experiments conducted on the old tailings, and observations made
on the fresh tailings, this increase in the high-rate leachates was
hypothesized to result from the release of Ra-226 being retarded until
sulphate concentrations had decreased sufficiently to allow dissolution of
a barium-radium-sulphate coprecipitate formed on the surface of quartz
solids in the leaching pachucas.
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years, then declined to reach 2.2 by the end of the study. This decrease
in leachate pH, and the accompanying increases in conductivity and metal
concentrations, resulted from the initiation of pyrite oxidation in the
tailings after about 2 years. Calcium concentrations in the fresh
tailings leachates fluctuated between 500 and 630 mg/L during the first
four years, then decreased. Iron concentrations increased after the third
year to peak at 10 000 mg/L in the fifth year. This suggests that gypsum
(calcium sulphate) was dissolving during the entire leaching period and
that about 2 to 3 years were required before sufficient gypsum had
dissolved to allow the colonization of iron-oxidizing Thiobacillus
ferrooxidans and for pyrite oxidation reactions to dominate leachate
chemistry.
The pH of leachates from the solidified fresh tailings lysimeters remained
at about 11.7 during the first two years, then declined to reach 7.1 at
the end of the study. The pH was higher than the pH of the fresh tailings
leachates due to the alkaline nature of the chemical additives used in the
solidification process, and because solidification prevented oxidation of
the tailings by chemically bonding and/or encapsulating the pyrite within
a solidified matrix. Leachate pH decreased and calcium and Ra-226
concentrations increased dramatically after 2 years, however, suggesting
that the encapsulation process was breaking down and allowing gypsum and
Ra-226 dissolution to occur. Since leachate pH had only reached 7.1 by
the end of the study, it appears that insufficient gypsum had dissolved to
allow initiation of pyrite oxidation reactions. Whether acidification
would develop in the solidified tailings to the same extent as in fresh
tailings requires further study, but these results suggest that the
solidification process merely delays the commencement of pyrite oxidation
and does not prevent it from eventually occurring.
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A MODELLING STUDY OF ALTERNATIVES FOR THE
MANAGEMENT OF URANIUM REFINERY WASTES

Alex Buchnea
MacLaren Plansearch Inc.
33 Yonge Street
Toronto/ Ontario/ Canada
M5E 1E7
John B. Davis
Golder Associates Ltd.
Duncan Moffett
Eldorado Resources Ltd.

INTRODUCTION
The decision-making process that leads to the choice of a management
strategy for potentially hazardous waste must take into consideration
many factors.
Some of the most important of these include the
technical viability of the strategy/ its potential environmental
impact/ its cost/ and the predictability of its behaviour in the long
term.
The computerized modelling of the behaviour of the waste management
facility over a period of time and the predicted environmental impact
in the short and long term are valuable inputs into the
decision-making process.
This paper describes the application of the computerized component
model/ CHINTEX/ to a number of waste management strategies for uranium
refinery wastes. The strategies considered include engineered burial
of the wastes/ disposal in underground caverns; and the in-situ
stabilization of the wastes.

PHYSICAL MODELS
In order to successfully model the behaviour of the various waste
management facilities to be evaluated/ simplified physical models of
each facility must be developed. These must describe/ in a conceptual
sense/ the characteristics of the facility/ the waste characteristics/
the surrounding environment and the various processes that govern the
release and transport of contaminants over the time period of
interest. The level of detail used in developing the physical model
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depends largely on the amount of data available and on the complexity
of the waste management site. In general/ for long term analysis
( > 100 years)/ it is desirable to use as simplified a description as
possible.
In the setting up of the physical model/ the location of the receptor
to be used in the determination of the impact must also be selected.
For the purposes of a preliminary analysis/ several different
locations may be chosen to represent the maximum potential impact from
each of the considered contaminant transport and exposure pathways.
The physical models for each of the waste management facilities
considered in this study are described. An example of the physical
model utilized in the analysis of the engineered burial option is
shown in Figure 1.
THE CHINTEX MODULAR COMPONENT MODEL
CHINTEX consists of a series of component modules that can be executed
in a number of user defined sequences. It is a modelling tool for the
systematic analysis of the behaviour and environmental impact of a
waste management system.
CHINTEX models the hydrological water balance at the disposal site/
calculates sheet erosion rates/ determines the water balance in the
waste management facility and the leaching and/or release of
contaminants from the facility in groundwater/ surface water and
eroded sediments. Gaseous and airborne particulate releases are also
calculated.
The transport of the contaminants by air/ surface water/ and
groundwater and the environmental concentrations at specified
locations are calculated. Uptake by various components of the food
chain (e.g. vegetation/ animals/ humans) and the resultant doses to
humans are also calculated.
The modular structure of CHINTEX facilities its adaptation to a
diverse number of different physical models.
This will be
demonstrated in the application described in the following section..
APPLICATION OF CHINTEX TO REFINERY WASTE MANAGEMENT OPTIONS
The modelling of the various management options required the use of
various features of the CHINTEX model. The engineered burial option
required the following considerations:
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- modelling of an infiltration barrier which allowed for its
properties to change with time
- movement of contaminants through several interconnected groundwater
regimes
- radial inflow of groundwater from around the perimeter of the
facility from a perched water table.
The analysis of the cavern disposal option required the following
consideration:
- treatment of groundwater seepage as if it were infiltration.
The analysis of the in-situ management options required the following
considerations:
- start of analysis about 30 years prior to stabilization when wastes
were first placed
- addition of an engineered cover during site stabilization
- modelling of several different groundwater pathways involving
transport through interconnected groundwater regimes
- division of wastes into different modelled "facilities"
- modelling of a "facility in a complex topographical setting
RESULTS
The results of the analysis provided several valuable inputs into the
decision-making process and provided insight into the important
long-term considerations. An example of the predicted behaviour of
the arsenic concentration with time for one stabilization option is
given in Figure 2. This demonstrates the effect of the "flushing"
action on contaminants which have entered the groundwater regime prior
to site stabilization.
Some of the significant modelling results are listed below:
- subsurface conditions leading to facility overflow must be avoided
- ingrowth of uranium daughters accounts for an insignificant portion
of the calculated dose from uranium.
- uranium and arsenic are mobile in the subsurface system whereas
radium and thorium do not break through within the modelling period.
- the major predicted impact of contaminants in these studies result
from their chemical not their radiological properties.
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PROGRESS OF THE SWEDISH
WASTE MANAGEMENT PROGRAMME
Hans Forsstrom
Swedish Nuclear Fuel and Waste
Management Co., Stockholm, Sweden

The nuclear power programme in Sweden comprises twelve reactor units
with a total capacity of 9.600 MW. All twelve units are in operation
as from 1985.
Radioactive residues generated by the Swedish nuclear power production
are spent nuclear fuel and different kinds of low and medium level
operational wastes.
In the future decommissioning waste will be generated when the reactors are taken out of production.
Sweden has developed a fairly complete system for the back-end of the
nuclear fuel cycle not only from a technical point of view but also
with regard to legal, administrative and financial matters.
The nuclear power utilities have the responsibility to perform all
steps necessary for the safe handling and final disposal of all radioactive residues from nuclear power production.
This also includes
financing of the total costs.
The costs for the management of radioactive waste from the nuclear
power plants are carried by a fee determined annually.
The fee is
0.019 SEK/kWh (0.0025 US$/kWh) for 1986.
An overview of the technical system is given in figure 1. The basic
principle for the planning is that short-lived wastes should be deposited directly without interim storage, while spent fuel and other
long-lived wastes will be disposed of after an interim storage period
of 30-40 years.
For the low- and medium level wastes a central underground repository,
SFR, is under construction and will be taken into operation early 1985.
At present all the excavation work has been finished and civil works
are in progress. The capacity of SFR matches the total Swedish needs.
An away-from-reactor interim storage facility for spent fuel, CLAB, was
commissioned in July 1985.
In CLAB the principle of wet storage in
pools is applied.
The storage section is located in a rock-chamber
about 30 meter below ground.
For the transport of spent fuel and radioactive waste a sea transport
system has been developed.
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For the remaining steps - final disposal of highly active and longlived
radioactive residues - a concept, based on encapsulation of the fuel
elements in copper canisters and final storage of the canisters in a
repository situated 500 meter down in crystalline rock (KBS-3), has
been developed and approved by the government in accordance with the
Swedish nuclear legislation.
Research and development work is now coontinuing to provide a basis for
a final decision about disposal method and site around the year 2000.
The work includes:
Continued R&D to further deepen the scientific knowledge, in
areas such as fuel and canister corrosion, back-fill material
behaviour, ground water movement and nuclide migration
Studies of alternatives to the concepts studied so far
Optimization of systems as regards technology, economy and use of
resources
Investigations for site selection
A comprehensive R&D-programme will
September 1986.

be presented

to the

government in

Of great importance to the Swedish work is an extensive international
cooperation. A good example is the international research project in
the Stripa mine, where different aspects of geological and engineered
barrier systems are being investigated.
Nuclear waste management is a controversial issue in the general debate.
An important part of the nuclear waste management programme is
thus communication with the general public.
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OVERVIEW OF THE URANIUM MILL TAILINGS
REMEDIAL ACTION PROJECT
James A. Turi
Director
Division of Uranium Mill Tailings Projects
U.S. Department of Energy
Washington, DC
U.S.A.
The Uranium Mill Tailings Radiation Control Act of 1978 provides a broad
framework for conducting remedial actions at inactive uranium mill tailings
sites. It authorizes a mill tailings stabilization and control program,
articulates institutional interactions, sets formulas for cost sharing, and
provides opportunities for improving program performance. The Department
of Energy (DOE) is directly responsible for conducting the remedial
actions. The Environmental Protection Agency (EPA) is responsible for
establishing the remedial action standards and the Nuclear Regulatory
Commission (NRC) provides consultation and concurrence in the selection and
performance of the remedial action for each site. The full support of the
affected State and Indian Tribe under whose jurisdiction a site is located
is provided for through a cooperative agreement with DOE. Each State and
Indian Tribe concurs on the selected remedial action and acquires rights to
the final disposal site which is eventually transferred to DOE. The
States, as partners, are also responsible for 10 percent of the remedial
action cost with the Federal Government (DOE) paying the remaining 90
percent. When the sites are on Indian lands, the Federal Government bears
the entire cost of the remedial action.
There are twenty four inactive sites included in the program. Figure 1
identifies the location and cleanup schedule of each. An estimated 4,800
vicinity properties containing mill tailings will also require remedial
action, including vacant lands, private residences, and businesses.
Figure 2 summarizes the EPA standards that are being applied. The inactive
sites exist as a result of early uranium concentrate demands in the U.S.
Much of the uranium ore mined within the United States from the earlier
1940s through 1970 was processed for the U.S. Army's Manhattan Engineer
District and the U.S. Atomic Energy Commission by private companies. The
uranium mills that processed domestic ore for the Federal Government
operated during various time periods, depending on the demand; changes in
ownership were not unusual. When processing operations ceased and a mill
became inactive, tons of uranium mill tailings remained. At that time it
was not realized that the combination of direct gamma radiation and radon
gas and its decay products from the tailings would be of a magnitude to
create a potential health hazard.
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The type of remedial action conducted at the processing sites will be
either to stabilize the mill tailings at each site or to remove the
tailings to a new site for permanent disposal. Contaminated materials
removed from vicinity properties will be returned to the tailings piles for
final disposal. Figure 3 identifies a typical tailings disposal concept
and involves regrading the piles to prevent side slope erosion and
collection of surface water. The tailings will be isolated with several
layers of materials on top, sides and below to ensure stability of the
pile, protect groundwater, limit radiation emissions, and protect the piles
from wind and water erosion. Upon completion of the remedial action, the
NRC is to issue a license to DOE for long-term surveillance and maintenance
of the disposal sites.
The Project has been underway for 8 years and has spent approximately $250
million (U.S.) dollars; a total of $900 million (U.S.) dollars is estimated
as required to cleanup the processing sites and vicinity properties.
Approximately 200 DOE and prime contractor (Jacobs Engineering Group, Inc.;
MK-Ferguson Company; Oak Ridge National Laboratory) personnel are involved
in the Project. In addition to DOE, EPA, and the NRC, participants include
eleven different States, the Navajo Nation and various other Indian Tribes
(Arapahoe, Hopi, Piute, and Shoshone) plus local governments and associated
citizens and public interest groups. The selection and implementation of
the preferred site remedial action requires the advice, support and
participation from each of these entities.
Procedurally, the tailings stabilization design requirements and conceptual
design are documented by DOE in a site specific Remedial Action Plan, and
State and NRC concurrence in that document constitutes formal selection.
The plan demonstrates that the disposal design provides reasonable
assurance of compliance with the FPA standards. To ensure an efficient,
consistent and thorough strategy is taken at all sites, DOE has prepared a
Technical Approach Document that describes the design considerations and
criteria to be used. Similarly, the NRC has prepared a Standard Review
Plan that describes factors to be considered by their staff in reviewing
and concurring in the Remedial Action Plan. The twin documents,
coordinated and developed in parallel by DOE and NRC, address surface water
hydrology and erosion control, geotechnical stability aspects, radon
barrier design, and protection of groundwater resources.
The Project has and continues to face many challenges; probably the most
significant is to complete the sites on schedule at or less than the
estimated cost. To accomplish this challenge requires significant
resources in both technical and support personnel, adequate funding from
Congress and the States, and, more importantly, a high level of
coordination, communication and an open and reasonable attitude among all
participants.
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Figure 3
URANIUM-238 RADIOACTIVE DECAY CHAIN (ABBREVIATED)
AND MECHANISMS OF TRANSPORTING RADIOACTIVITY
FROM URANIUM TO MAN
WINDBLOWN
- \ DUST

GAMMA
RAYS

CONCENTRATED
URANIUM ORE
OR RESIDUES

TRACE URANIUM
(BACKGROUND)

(PARENT)

RADON GAS CONCENTRATES
IN BUILDINGS

(DAUGHTERS—*-)
UMTRAP 11 002

- 281 -

THE RABBIT LAKE OPEN PIT TAILING DISPOSAL SYSTEM
M.A.J. Hatich, Geocon Inc.
W.F. Tao, Geocon Inc.
A.R. Morrish, Eldorado Resources Limited
P.O. Box 2070
Saskatoon, Saskatchewan
S7K 3S7
This paper describes an operating subgrade disposal system for uranium
tailing. The tailing is produced from Eldorado Resources Limited's
Collins Bay B-zone operation and deposited in the mined out Rabbit Lake
open pit. The system was developed by Messrs. W.F. Tao and M.A.J. Matich
of Geocon Inc. and has been patented by them in Canada and in the United
States as "The Pervious Surround Method". Its fundamental philosophy in
achieving a high degree of control on transport processes leading to the
release of contaminants from the tailing deposit, relies on mitigation or
elimination of transport potentials both in the short term during active
tailing deposition and in the long term after decommissioning. The system
was first described in an environmental impact statement submitted for the
Collins Bay B-zone uranium mine development.
Its general arrangement is shown in Figure A. It includes a dewatering
system with a drift driven from near the bottom of the open pit to connect
with a bored raise near the pit brow, in which electric submersible pumps
were installed. The drift and the bottom of the open pit were filled with
rock fill selected and zoned to prevent internal erosion of a sand filter
blanket placed over the rock fill at a level about 3 m above the crown of
the drift. The balance of the pit wall is lined in stages by a pervious
envelope consisting of a crushed rock fill layer placed immediately
against the pit wall and a sand filter layer placed against the rock
fill. Dewatered tailing from a vacuum disc-filter plant is placed within
the lined portion of the open pit. Pumping from the dewatering system
maintains the water level below the tailing surface within the open pit
and enables dry construction of the pervious envelope.
Decommissioning of the facility after filling the open pit with tailing to
near the original bedrock surface, may involve covering the top of the
tailing with an earth cover and then allowing the groundwater to recover
to its natural level above the top of the earth cover. It is probable
that a lake will be re-established to approximately the same level as the
original Rabbit Lake.
The system relies on the basic principles of groundwater flow to achieve
total containment of pore water released by the consolidating tailing.
The cone of depression created in the groundwater table surrounding the
open pit during deposition ensures a pattern of groundwater flow
converging towards the bottom of the open pit. Any outward migration of
contaminants is therefore prevented.
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Geocon's mathematical modelling of the progress of consolidation, using
large strain non-linear consolidation theory, has indicated, that tailing
underdrainage during deposition produces surcharging. Surcharging results
in over consolidation which prevents further discharge of pore water by
consolidation after decommissioning when the cone of depression no longer
exists.
After decommissioning, the extremely high transmissivity of the pervious
envelope relative to the tailing will reduce the natural groundwater
gradient across the tailing deposit, to near zero, thus achieving long
term immobilization of the tailing pore water. This condition has been
predicted by computer based finite element seepage modelling. Long term
release of solutes is therefore controlled by chemical diffusion alone.
The addition of a sand filter of the pervious envelope around the sides
and bottom and the earth cover over the top of the tailing deposit,
provides a diffusion barrier. The selected thicknesses of the filter zone
and the earth cover reduce solute concentration gradients across them to
ensure that under steady-state diffusion conditions, the water quality in
the reinstated Rabbit Lake, as the closest receptor, will meet federal and
provincial drinking water standards.
Construction of the dewatering system was completed in the fall of 1984.
A full-scale demonstration of construction of the lower part of the
pervious envelope and placement of tailing from milling of the Rabbit Lake
ore, then followed during the winter of 1984-85. Continuous placement of
the first Collins Bay B-zone tailing began in late 1985.
Comprehensive material testing with particular emphasis on rock fill
permeabilities under extremely low hydraulic gradients, was an important
part of the demonstration and the initial placement of Collins Bay B-zone
tailing. Results obtained using a large permeameter produced design
refinements and established the specifications of construction materials.
Monitoring instrumentation installations are planned for several stages
during the disposal operation. Piezometers which will monitor hydraulic
heads in the pervious envelope after decommissioning were installed in the
winter of 1985-86. Piezometer and settlement cell installations will be
Installed in the Fall of 1986 to monitor consolidation of the tailing. A
multi-level groundwater sampling system in the immediate vicinity of the
open pit will also be installed in 1986 and additional groundwater
sampling stations will be Installed before decommissioning.
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INVESTIGATIONS OF METAL MATRICES FOR NUCLEAR FUEL WASTE DISPOSAL
P. Mani Mathew
Fuel Waste Technology Branch
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0
In the Canadian Nuclear Fuel Waste Management Program (CNFWMP) two basic
supported-shell container concepts are being evaluated for used-fuel
immobilization. One concept uses a compacted particulate material within
the container to support the thin, corrosion-resistant shell. The other
concept employs a cast-in-place matrix of a low-melting-point metal or
alloy to provide shell support.
The particulate-packed container concept has been selected as a reference
for studies now underway which are aimed at providing an engineering
design description for a nuclear fuel waste disposal centre. This design
description will form part of the Formal Concept Assessment Documentation
for CNFWMP.
The metal matrix container is being evaluated as an alternative for
potential application when a final ranking of preferred options is made
in preparation for detailed design optimization studies. In the metal
matrix concept the matrix would surround and encase up to 72 used CANDU
fuel bundles previously loaded into a shell prefabricated of
corrosion-resistant metal, such as titanium. The primary function of the
matrix is to provide internal support to the shell against the external
structural loading that i t will experience during disposal service. In a
1000-in-deep vault, the hydrostatic component of pressure on the shell
will rise to about 10 MPa i f reflooding to f u l l vault depth occurs. The
shell material and thickness will be selected to provide a 500-year
minimum l i f e against penetration by corrosion, a period during which most
of the activity in the fuel w i l l decay away. However, the presence of
the cast matrix provides the potential for an additional barrier and,
thus, further delay to radionuclide release.
The metal-matrix development program is being conducted at the Whiteshell
Nuclear Research Establishment and includes studies aimed at maximizing
the capabilities of cast matrices to achieve both these functions. The
solidified matrix should be as void-free as possible, to ensure both
minimum container-shell deformation under loading and a high-integrity
residual barrier following eventual shell penetration. Casting
technology development comprises, therefore, one of two major components
of the program. The second major component is the evaluation of the
corrosion perfonnance of candidate matrix materials within a range of
potential vault environment parameters.
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Metal-matrix casting and cooling procedures are complicated by several
factors that include
- the presence in the container of used-fuel bundles with
different thermal properties than the shell and matrix
materials,
- large casting volumes (up to 0.45 m ), which increase the
possibility of developing solidification shrinkage defects,
- the requirement for the cast metal to flow readily into, and
solidify uniformly within, narrow spaces such as the small
subchannels between individual fuel pins, and
- the need for renote-operation casting procedures due to the
presence of high radiation fields.
Casting technique development includes both experimental and theoretical
studies. Procedures developed from the fabrication of small castings have
been scaled up to produce half-scale metal-matrix prototype containers for
structural testing experiments. These procedures include multidirectional
partial cooling of the container side wall to achieve a high integrity
matrix. A finite-element solidification model has been developed to
predict the advance of the solidification front and, thereby, to assist in
the establishment of the desired casting process parameters. Good
agreement between the solidification model predictions and experimental
results has been achieved. A void-free casting of a lead matrix containing
an unirradiated CANDU fuel bundle has been produced.
Matrix corrosion evaluation experiments on lead, zinc and aluminum-7 wt.%
silicon alloy coupons have been conducted to determine their corrosion
resistance in a range of oxygenated granitic groundwaters. Tests were
conducted at temperatures of 20 to 150 C and pressures of 102 - 6800 kPa.
Pitting and general corrosion were observed on the zinc and aluminum alloy
coupons but not on the lead samples. The extent of pitting attack was
greatest for zinc. General corrosion, as determined by weight loss
measurements, decreased in the following order: zinc, aluminum-7 wt.%
silicon, lead. In general, corrosion rates decreased with time. Analysis
of the corrosion products by X-ray diffraction showed that, for zinc, the
major constituents were oxides, but that hydroxides predominated for the
aluminum alloy. Insufficient lead corrosion products were produced for
X-ray diffraction analysis; however, Scanning Electron Microscopy
identified chlorides as the major constituents.
The overall picture that has developed from the program to date indicates
that all candidate matrix materials can be successfully cast to produce
high-integrity matrices, using the appropriate techniques developed in the
program. Corrosion tests conducted in granitic groundwaters over a range
of possible vault temperature and pressure combinations indicate that lead
has the greatest potential to provide an additional barrier to radionuclide
rei ease.
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Future studies will include evaluations of matrix metal corrosion in the
presence of candidate container materials to determine the influence of
galvanic couples on the overall corrosion rate.
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LOCALIZED CORROSION OF
NICKEL ALLOYS IN CHLORIDE ENVIRONMENTS
J. Postlethwaite, R.J. Scoular and M.H. Dobbin
University of Saskatchewan
Saskatoon, Saskatchewan.
Two molybdenum-bearing nickel alloys. Alloy C-276 and Alloy 625 were
Identified by Nuttall and Urbanic1 ' as possible candidate container
materials for the Canadian Nuclear Fuel Waste Management Programme
(CNFWMP). The dees, groundwaters of the Canadian Shield may have a high
chloride content
and the possibility of passivation breakdown and
subsequent localized corrosion of any passive metals considered for
the CNFWMP must be taken into account.
The assessment of materials by Nuttall and Urbanic revealed a paucity
of data for the localized corrosion of these alloys in the range of
temperature and chloride content expected in a disposal vault. At that
time it was assumed for purposes of assessment, "that the container
temperature will be 150°C or less", however, the maximum container-skintemperature for the forthcoming .Concept Assessment Engineering Study
is 100°C^ . Hydrogeological studies*1 ' have indicated that the groundwaters
in the Canadian Shield may be jnore saline than the groundwater composition
used in the above assessment
. The present study was started to determine
the conditions (temperature and chloride content) required to stimulate
localized corrosion of Alloy C-276 and Alloy 625. It _was decided to
study a wide range of temperatures, 25 - 200°C, and Cl~ concentrations
0.1 wt% - saturation in order that the results may assist in the understanding of the mechanism of the localized corrosion encountered rather
than simply obtain data for specific concept assessment guidelines.
Electrochemical tests are also being done in an attempt to establish
the mechanism of the passivation breakdown and subsequent localized
attack. The latter takes the form of both pitting on freely exposed
surfaces and crevice corrosion. Crevice corrosion occurs at lower
temperatures and chloride concentrations than pitting corrosion. Since
crevices might be formed between the canisters and backfill material
the exposure tests done to establish T-C1~ corrosion diagrams utilized
specimens fitted with artificial crevice assemblies. The crevice assemblies
used are similar to the standard ASTM crevice assembly used for crevice
corrosion tests and comprised a slotted ptfe washer bolted to the specimen
under test with a flat ptfe backing washer and a ptfe insulating sleeve.
The tests were done in aerated solutions. An air space over the liquid
in the closed cells provided a supply of oxygen sufficient to produce
significant corrosion.
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RESULTS AND DISCUSSION
T-C1~ localized corrosion diagrams showing the data obtained to the
present time are given in Figs 1 & 2, for the two alloys. Both alloys
appear to exhibit complete resistance to attack, regardless of Cl~
concentration, below some critical temperature. For Alloy 625 this
critical temperature is between 100 and 125°C and for Alloy C-276 between
100 or higher and_130°C. The significance of this critical temperature
is that possible Cl~ concentration at the canister surface due to boiling
before the full hydrostatic pressure develops would not pose a problem
in terms of localized corrosion.
The crevice corrosion of Alloy C-276 and Alloy 625 has been shown to
be a special case of pitting corrosion occurring above a critical breakdown
potential with Alloy C-276 exhibiting the higher corrosion resistance.
The rapid rise of the passivation breakdown potentials to more noble
values below 125°C suggests (Fig 3) that a large safety margin might
exist at such temperatures.
The type of data presented here is of a preliminary nature and was
intended to fill a gap in our knowledge of the crevice corrosion behaviour
of these alloys. Much more extensive long term testing would be required
to firmly establish the existence of minimum crevice corrosion temperature
(CCT) values > 100°C and to determine the values under conditions which
more closely model the burial conditions than a ptfe/metal crevice
in a stagnant solution.
REFERENCES
1. K. Nuttall and V.F. Urbanic, An Assessment of Materials for Nuclear
Fuel Immobilization Containers, AECL - 6440, WRNE, (1981).
2. P. Fritz and S.K. Frape, Chemical Geology, Vol 36, p 179, (1982).
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WELDING AMD INSPECTION OF NUCLEAR
FUEL WASTE DISPOSAL CONTAINER
P.Y.Y. Haak and M.D.C. Moles
Ontario Hyoro kesearch Division
BUO Kipling Avenue, Toronto
Ontario, Canaoa, M8Z 5S4
SUMMARY
The current Canadian concept for disposal of used fuel from CANDU nuclear
reactors is to isolate the fuel in corrosion-resistant containers and to
place the containers at a depth of boo to 10UO m in plutonic rock. Most of
the c u r r e n t design concepts include a metal container w i t h a l i d to be
attached after fuel loading. As part of i t s Technical Assistance Program
w i t h i n the Nuclear Fuel Waste Management Program of Atomic Energy of Canaoa
L i m i t e d , Ontario Hydro i s performing containment ano i m m o b i l i z a t i o n
studies.
Part of this program involves developing remote welaing ano nondestructive
evaluation (NDE) techniques for the f i n a l closure weld of the used fuel immobilization container. The long term objective of the welding program is
to develop a method of r e l i a b l y sealing the container. The NDE inspection
i s to ensure the mechanical i n t e g r i t y of the weld, ana t h a t a necessary
minimum amount of metal exists for corrosion resistance. During this Concept Assessment phase, the welding program has concentrated on the development of welding procedures for several materials, p a r t i c u l a r l y high purity
titanium, hign purity copper ana Inconel bZi>. The Remote Inspection (NUE)
has concentrated on determining whether any of the d i f f e r e n t container
m a t e r i a l s could present inspection problems, ano, more s p e c i f i c a l l y ,
whether titanium diffusion bonds are inspectable.
THE OHKD WtLUINti PROGRAM
This program deals with the development of closure-welaing technology for
Canadian nuclear f u e l waste disposal c o n t a i n e r s . The program i s being
carried out by Ontario Hyoro witn the assistance of Atomic Energy of Canada
Ltd., B r i s t o l Aerospace L t d . , the National Research Council of Canaoa and
the Welding I n s t i t u t e of Canaoa. As container design has not y e t been
f i n a l i z e d , i t has been necessary to proceed with welding procedure development f o r several d i f f e r e n t m a t e r i a l s , p a r t i c u l a r l y high purity titanium,
high purity copper and Inconel 62b.
I t has been dewonstrated that gas-tungsten-arc welding, resistance-heated
diffusion bonding and electron beam (Eb) welding produce acceptable welds
in titanium (4 to 6 mm t h i c k ) , although for the r e l a t i v e l y thin-walleo supportea-shell container design, EB welding appears to be the least attract i v e . Resistance-heated d i f f u s i o n bonding appears to be a p a r t i c u l a r l y
promising technique.
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Among various processes being considered for copper, electron beam welding
appears to be an ideal process for welding thick copper plate [>Zb mm
thick) without preheating. Thick copper can also be joined using gasinetal-arc welding but with high preheat (400 to 600°C) and welding current
in the range of 500 to bOO A. When preheating is not used, very high
welding currents (>1000A) are required to avoid lack-of-fusion defects.
However, the present study has shown that welding currents exceeding tiOO A
appear to promote hot cracking.
Kesistance-heateo diffusion bonding is founa to be unsuitable for joining
Inconel b2b as a result of excessive interfacial oxide formation. Electron
beam welding appears to be a feasible process for the f i n a l closure of
thick-walled (25 mm) stressed-sheli Inconel containers.
The presentation w i l l review the overall e f f o r t which has been maoe in
nuclear waste disposal container closure-welding technology. Particular
attention w i l l be given to the considerable pogress maae in resistanceheated diffusion bonding of titanium ana the electron beam welding of copper. Requirements for welding parameter control and weld process automation, to allow remotely-controlled container closure in a hot c e l l , w i l l
also be discussed.

THE OHRU REMOTE INSPECTION PROGRAM
At this stage, the program deals exclusively with ultrasonic testing, which
has been i d e n t i f i e d as the most suitable technique for inspecting f i n a l
closure welds. Other techniques, such as leak testing, may be investigated
later. The Remote Inspection program can be divided into four parts.
1.

Diffusion Bonas

Over twenty regular thin-wallea titanium diffusion bonds plus four Special
Bonds containing intentionally embedded defects have been inspected. Of
the four techniques used, normal beam immersion pulse echo proved the most
satisfactory. In general, a l l the defects, including p a r t i a l lack of
bonding, were readily detected. Special Bond IV contained five Mi chrome
ana four Tungsten wires as an ultrasonic reference. Wires of only 0.127 mm
diameter were readily detected, indicating a leak path of this width would
be detectable.
2.

Demonstration of Robotic Inspection of Diffusion Bonds

This project is aimed at demonstrating how diffusion bonds can be remotely
inspected on a radioactive container. A diffusion bond ring has been made
containing a variety of defects, ana has been ultrasonically characterized.
The delivery system w i l l be a PUMA b60 industrial robot, which has been
usea for other ultrasonic inspections. One problem is coupling the ultrasonic probe to the container. Currently, a waterjet appears to be the most
reasonable solution, rather than a waterwheel, Electro Magnetic Acoustic
Transducer or direct contact.
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3.

-

Ultrasonic Characterization of Welds of Candidate Container Materials

A number of materials have been short-listed as candidate container shells,
borne of these metals are known to be d i f f i c u l t to inspect by ultrasonics,
because anisotropic material properties cause velocity dispersion and consequent skewing of the ultrasound beams. Other metals are uncharacterized. Consequently, thick section welds of various candidate materials
were manufactured ana machined into cylinders and blocks. These welds were
tested usiny both longitudinal and shear waves, and isometric plots of beam
skewing vs orientation were made for each. For longitudinal waves, the
titanium grades 'i and 12 showed very uniform behaviour with l i t t l e beam
skewiny. In contrast, the stainless s t e e l , Inconel 62b, hastelloy C-i:7b
and phosphorus deoxidized copper a l l showed severe beam skewing. Tests
using shear waves showed a similar result, though the ranking was slightly
different.
4. Appropriate Inspection Cooes
None of the AShE codes is applicable to a nuclear useo fuel container final
closure weld due to the different duty cycle expected. Consequently a
special code may have to be written for this inspection, hopefully based on
a fitness for purpose approach. In theory, it should be possible to write
an inspection procedure to statistically reduce the chance of leakage to
the required level, using a probabilistic approach.

- 293 -

THE SYNROC DEMONSTRATIOH PLANT
D.M. Levins, K.D. Reeve, E.J. Ramm, J. Kable, G. Tapsell
Australian Atomic Energy Commission Research Establishment
Lucas Heights Research Laboratories
Sydney, NSW. Australia
A.E. Ringwood, S.E. Kesson
Australian National University
Canberra, ACT. Australia

Australia is developing the titanate ceramic SYNROC as an alternative
waste form to borosilicate glass.
To assess the feasibility of
fabricating SYNROC, a demonstration plant has been built by the
Australian Atomic Energy Commission (AAEC) at Lucas Heights, Sydney.
This project, which is a joint venture between the AAEC and the
Australian National University
(ANU), aims to demonstrate
an
engineering-scale process for non-radioactive SYNROC fabrication that
can be adapted to hot-cell operation.
The demonstration plant has a nominal capacity of 10 kg of SYNROC per
hour, at a loading of 10-20 wt % simulated waste calcine.
At the
higher waste loading, the throughput is equivalent to the high-level
radioactive waste (HLW) generation rate from a 400 t/y reprocessing
plant.
Figure 1 shows an overall flow diagram of the SYNROC
demonstration plant.
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Figure 1 - Process Flow Diagram for SYNROC Demonstration Plant
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The key process steps in the plant are as follows:
1.

An aqueous slurry of the SYNROC precursor (basically oxides of
titanium, zirconium, aluminium, calcium and barium) is mixed with
simulated radwaste solution.
The head-end of the plant has been
designed for flexibility to enable alternative methods of
precursor preparation to be evaluated.

2.

The mixed slurry is pumped into a 300 mm diameter rotary calciner
where it is dried, thermally denitrated, and calcined at 75O°C in
an atmosphere of 3.5% H- in N_.
The residence time for powder
in the calciner can be varied up to a maximum of two hours.

3.

The off-gas from the calciner is treated
condensation and two stages of scrubbing.

4.

The calcined powder is blended with 2 wt % titanium powder which
acts as an oxygen-scavenger during the hot-pressing stage.

5.

The blended powder is dispensed into 300
or 400 mm diameter
stainless steel bellows. Each bellows has a particulate filter
and off-take tube in its base to allow for gas removal on
compression.

6.

The filled bellows are cold-pressed in a 1000 t press.

7.

The bellows are placed on the hot pressure pad of a 35O#t, 250
kW, inductively-heated hot press.
The bellows are raised into
the hot zone of the furnace where they are held for temperature
equilibration before hot-pressing for 2 hours at 115O-12OO°C and
14 MPa (2000 psi).

8.

The hot-pressed bellows are transferred
temperature-controlled cooling furnaces.

9.

After slowly cooling, the bellows are loaded into stainless steel
canisters.

to

by

one

filtration,

of

the

two

The practicality of this process was established in October 1984 when
the hot-pressing of 300 mm diameter bellows containing 20-25 kg of
SYNROC to near theoretical density was demonstrated.
In 1985, 400 mm
diameter bellows were successfully hot-pressed.
Cores were taken
from various regions of the 300 mm SYNROC block and leach tested under
MCC-1 conditions.
Table 1 compares the leach rates of these cores
with those of laboratory specimens pressed in a graphite die.
SYNROC
prepared in the laboratory is only marginally superior in chemical
durability to that produced on an engineering scale and both are far
superior to a reference US waste glass (PNL 76-68).
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TABLE 1
2
Leach Rates (g/m per day) of SYNROC and reference U.S. waste
glass under static test conditions at 90 C
for 7 days in deionised water

SYNROC
Element
Eng.scale
Lab.scale
300 mm dia. 40 mm dia.
Mass

0.041

0.016

0.83

Waste Elements
Cs
Sr

0.11
0.043

0.08
0.026

2.1
0.54

<0.0002
<0.003
0.104
0.035
<0.02

<0.0002
<0.003
0.090
0.023
<0.02

1.47
1.74
0.15
0.43
0.05

Matrix Elements
Ti/Si*
Zr/B*

Ba
Ca
Al
*

Glass
PNL 76-68

Ti and Zr refer to SYNROC;

Si and B to glass.

Commissioning of the various modules of the demonstration plant has
begun and full operation is expected in the third quarter of 1986.
The most crucial operation in the plant, hot-pressing the 300 and 400
mm diameter bellows, has already been demonstrated.
The plant will
operate in short campaigns over the next few years. Experience gained
will be valuable for assessing the engineering feasibility of
large-scale radioactive SYNROC production.
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HYDROTHERMAL DISSOLUTION OF NUN-METALLIC MATERIALS
FOR NUCLEAR FUEL IMMOBILIZATION CONTAINERS
M. Onofrei and D.K. Raine
Fuel Waste Technology Branch
wnitesheil Nuclear Research Establishment
Pinawd, Manitoba ROE 1LO
In the Canadian Nuclear Fuel Waste Management Program, a m u l t i b a r r i e r
approach to the disposal of nuclear fuel waste i s being assessed. The
concept involves the encapsulation of either used fuel or immobilized
f u e l - r e c y c l e wastes i • -orrosion-resistant containers and disposal of
these at/a depth of 500 to 1000 m i n plutonic rock i n the Canadian
Shield. * ' ' Considerable e f f o r t has been expended in characterizing
materials properties of possible container materials.* ' '
Non-metallic materials are being evaluated f o r t h e i r potential use as
container material f o r long-term containment of nuclear fuel waste under
conditions of deep g«x)logic disposal. Materials under investigation in
the Canadian program (see Table 1) include both r e l a t i v e l y specialized,
high q u a l i t y ceramics and much cheaper materials, f o r which the f a b r i cation technology i s simple and well established.
The long-term s t a b i l i t y and performance of non-metallic materials
designed as a b a r r i e r f o r long-term i s o l a t i o n of nuclear fuel waste are
c h i e f l y , though not exclusively, determined by t h e i r chenical i n t e r action with groundwater that w i l l f i l l the disposal v a u l t .
The objective of the present investigation was to determine the hydrothermal s t a b i l i t y of the candidate non-metallic materials with reference
to anticipated conditions i n the disposal vault and to determine which
are most resistant to attack by leaching solutions.
Leaching experiments were performed in Standard Canadian Shield Saline
Solution (SCSSS), SCSSS plus Na-bentonite and SCSSS plus Na-bentonite/
sand mixture at \?5 mi 150 C and 8.9 MPa pressure. In a l l cases, an
apparent r a t i o of surface area to leachant volume of 0.1 cm" was
maintained. The surface-area measurements were made geometrically, and
thus did not take surface roughness or the presence of exposed pores
i n t o account. Therefore; the apparent leach rates calculated would be
higher than the t r u e leach rates. Leaching was followed by
weight-change measurements on the samples at various intervals f o r up to
42 days. Solution analyses were performed at the end of each test and
the surface of selected specimens was examined using Scanning Electron
Microscopy (SEM) combined with Energy-Dispersion X-ray analysis (EDX).
The leaching behaviour of each material was interpreted by correlating
the results of weight-loss measurements with observations of the
surface- reacted layer. The leach rate ( t ) of each sample was
calculated using the geometric surface area (A) of the sample according
to the formula i*am/A»t, where -sin i s the t o t a l weight change and t is
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the leaching time. The bulk leach rates determined from composition of
solution and weight-loss measurements are, within experimental error, in
agreement. As expected, overall leach rates of the materials increased
with temperature, although in most cases these increases were not as
great as anticipated. The leaching characteristics of the materials are
quite different in the various leachants. The SCSSS results show a
characteristic i n i t i a l rapid release rate that decreases with time. The
SCSSS plus Na-bentonite and SCSSS plus Na-bentonite/sand mixture yielded
the lowest leach rates and the least total leaching.
These observations are consistent with the idea that solution
composition controls the leaching characteristics and, as the elemental
concentration increases in the leachate, the release rates decrease.
These studies have confirmed that some materials are highly resistant to
corrosion. The highest resistance was exhibited by Al«0o materials and
6
2 1
MgU-stabilized ZrO9. The leach rates range from 4.65«10 g*cm *d to
6

7

1

O.16«1U"° g-cnf^'d . Porcelain and TiO2 exhibited relatively high
leach rates; the leach rates ranged from 6.7-10 g«cm *d~ to
3-10"5 g'cm" 2 ^" 1 and 1.9-10"5 g-cm" 2 ^" 1 to 3»10"6 g ' c n f ^ d " 1 ,
respectively.
Evaluation of the leaching data showed that concrete is much less
resistant to leaching than the other materials. Analysis of the leach
solutions showed that Ca, Na, K and Si are the principal species
leached. Due to chemical interaction between concrete and groundwater,
the main effect observed was an increase in pH. However, the presence
of Na-bentonite in groundwater suppressed the normal, rapid pH increase.
I t has been shown that the leach rate decreases with time, as expected
in a static test, and that the decrease of leach rate with time is the
result of the dissolved species in solution approaching saturation
limits.
In most cases the disposal vault components, Na-bentonite and sand,
decrease the leach rate of the materials tested.
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Tabl e 1
Non-Metallic Materials Investigated
Material

kg/m1

Method of Fabrication

1.

A1 2 O 3 (99%)

3.80

2.

A1 2 U 3 (99.8%)

3.9

3.

ZrO2 (4% MgO;

5.65

Isostatic press

4.

TiO 2 (98%)

4.11

Isostatic press

5.

Porcelain
(with high A12O3 content)

2.9

Extrusion

6.

Concrete
(with Sulphate Resisting Portland
£ement~"(SRPC) pTus SiO2 flour plus
Flast furnace slag)

3590

Casting

7.

Concrete
(with SRPC plus silica fume)

3742

Casting

Isostatic press
Hot isostatic press
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STRUCTURAL PERFORMANCE ASSESSMENT OF SUPPORTED-SHELL
FUEL ISOLATION CONTAINERS
L.J. Hosaluk
Fuel Waste Technology Branch
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0
In the Canadian Nuclear Fuel Waste Management Program, a corrosionresistant used-fuel disposal container is proposed as one of a series of
engineered barriers to supplement the natural isolation provided by the
geosphere. The design objective is to provide a high probability of
containment for at least 500 years, during which time the main
heat-producing and radiotoxic fission products in the used fuel will
decay to very low levels. For its design lifetime, the container must
withstand the pressures existing in a 1000-m deep vault flooded with
groundwater, which include a hydrostatic component of up to 10 MPa, at
tenperatures up to 150 C from decay heat.
Research at the Whiteshell Nuclear Research Establishment (WNRE) is
currently focusing on the "supported-shell" container design approach, in
whicn a t h i n , corrosion-resistant shell is supported from within against
external loading. Commercially pure and low-alloy titanium, high
nickel-based alloys, pure copper and stainless steel* have been
identified as candidate, corrosion-resistant, container shell materials.
Methods under consideration for supporting the shell include a cast metal
matrix, a dense packing of particulate or granular material, or a r i g i d
internal structure surrounded by packed particulate to transfer loads
from the shell to the structure. Respectively, these are referred to as
the metal-matrix, particulate-packed, and structurally supported
container concepts.
The structural performance of each container design is being assessed by
extensive hydrostatic testing of one or more prototypes. To date, six
prototype containers have been tested for extended periods in the WNRE
Hydrostatic Test Facility: full-size titanium-shell particulate-packed
and structurally supported containers, three half-scale titanium-shell
lead-matrix containers, and one half-scale stainless steel-shell
lead-matrix container. In each hydrostatic test, structural performance
was assessed from extensive surface strain measurements, with or without
simulated manufacturing defects introduced in the container's internal
support medium. In addition, the behaviour of various closure weld
configurations, applicable to any of the supported-shell container
designs, can be evaluated from the test results.
Testing of the half-scale lead-matrix prototypes has shown that, in the
absence of significant volumetric casting defects, the general shell
mechanical behaviour is governed by the existence of a shell-to-matrix
shrinkage gap (typically 0.5 to 1.0 mm thick) created during matrix
* I t is recognized that stainless steel would only be acceptable i f the
vault environment were low in chloride ion content.
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cooling. At 10 MPa, shell surface stress increases with increasing gap
thickness. Permanent deformations of up to 0.7% strain have been
measured after pressurization to 10 MPa, with average values being about
0.1%.
Three of the four half-scale containers were intentionally fabricated
with large matrix voids, to simulate volumetric casting defects. Despite
large shell deformations (exceeding 2% shell surface strain near the
voids) at 10 MPa external pressure, no structural boundary failures
occurred, and no evidence of weld cracking was detected. In all cases,
once the shell had deformed sufficiently to close any matrix voids, no
further deformation was measured, and the containers behaved as
monoliths.
The hydrostatic test of the particulate-packed container indicated that,
after a small amount of plastic shell deformation (attributable to
general settling of the particulate packing), the container becomes
nearly r i g i d . Shell surface strains measured on f i r s t application of 10
MPa pressure did not exceed 0.40%, with permanent (plastic) strains up to
0.2%. After three cycles to 10 MPa, the container was held at that
pressure, at 150 C, for 385 hours, during which no time-dependent
deformation was detected.
The hydrostatic test of the prototype structurally supported container
included short-term pressure cycles to 10 MPa, at 100°C to 150°C, and a
504-hour test at 10 MPa and 150°C. The largest measured surface strain
at 10 MPa was 0.18%, and stresses calculated from strain gauge data did
not exceed 65% of the material's 0.2% offset yield strength. There was
no conclusive evidence that permanent deformation occurred in this series
of hydrostatic tests. No time-dependent deformation was detected in the
504-hour test.
Following introduction of large voids in their particulate packings, both
the particulate-packed and structurally supported containers were
subjected to additional pressure cycles to 10 MPa at 150 C. In each
container, y/ery large deformations occurred adjacent to the voids, but no
evidence of structural boundary failure or weld cracking was detected.
Analytical models are being developed for predicting long-term container
structural performance using the finite-element codes MARC, ANSYS, and
NASTRAN. Ultimately, a computer model of each container type will be
optimized to reproduce as accurately as possible the results from the
hydrostatic tests. The computer analyses will then be extended to
evaluate long-term structural performance.
From the results of the container hydrostatic test program, we have
concluded that none of the supported-shell container designs possesses
any structural deficiences that would render i t unacceptable for disposal
of used nuclear f u e l .
The hydrostatic testing program is now essentially complete. Future
effort in container structural performance assessment will focus on
analysis of the test data and development, optimization and application
of computer models.
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THE CORROSION BEHAVIOUR OF COPPER UNDER
SIMULATED WASTE DISPOSAL CONDITIONS
r. King and C D . L i t k e
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0
Copper is a candidate container material f o r the i s o l a t i o n of nuclear
waste. As one of the engineered b a r r i e r s i n the m u l t i p l e - b a r r i e r
systen, the container is designed t o prevent the groundwater from coming
i n t o contact with the waste form for a specified period of time. In t h e
case of copper, two time periods are under consideration. F i r s t l y , a
containment period of approximately 300 to 1000 years is being
considered. During t h i s period, the waste would lose much of i t s
t o x i c i t y due to natural radioactive decay. The second containment
period i s much longer, perhaps in excess of 10 years. After such a
p e r i o d , t h e temperature in the disposal vault w i l l have dropped to near
ambient conditions.
Copper is thermodynamically stable in oxygen-free pure water, but w i l l
corrode i n the presence of oxidizing species. The environment around a
nuclear waste container is expected t o be reducing; however, various
oxidants may be present in a waste disposal v a u l t . Species such as
sulphide ions and dissolved oxygen, as well as c e r t a i n r a d i o l y s i s
products, are potential oxidants. Other environmental factors that w i l l
a f f e c t the corrosion behaviour are the s a l i n e groundwater, the compacted
b u f f e r material around the container, and the elevated temperature.
An experimental approach i s being taken to assess the effects of these
environmental factors on the container l i f e t i m e . The p r i n c i p a l
corrosion processes being investigated are uniform corrosion and
p i t t i n g . Electrochemical measurements are being made during short-term
t e s t s (1-3 weeks). The rates and mechanisms of the corrosion reactions
are being studied.
Uniform corrosion rates are being determined using the p o l a r i z a t i o n
resistance method and from conventional weight loss measurements. The
highest corrosion rates have been found in aerated solutions and i n
solutions containing sulphide ions. Conversely, the corrosion rates are
lower in the presence of compacted buffer material and, apparently, i n a
gamma-radiation f i e l d . During the course of any p a r t i c u l a r experiment,
the corrosion r a t e decreases with time, due to the formation of a
p r o t e c t i v e surface l a y e r .
The other corrosion process being studied is p i t t i n g corrosion.
is thought t o be susceptible t o p i t t i n g i n sulphide-containing
s o l u t i o n s . To date, no p i t t i n g has been observed in any of the

Copper
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experiments. Indeed, even polarizing anodically > 1.0 V did not cause
pits to i n i t i a t e in a sulphide-containing solution. In future, greater
emphasis will be placed on assessing the risk of pitting attack in
disposal-like conditions.
A wide variety of surface films has been observed during the
experiments. Scanning Electron Microscopy (SEM), X-Ray Diffraction
(XRD), Fourier Transform Infrared Spectroscopy (FTIR), and Scanning
Auger Microscopy (SAMS) have been used to characterize the surface
films. These protective layers are often not simple oxide films, but
consist of many species contained in the synthetic groundwater solution.
Whilst they result in a steady decrease in the corrosion rate,
dissolution of copper continues, albeit at a reduced rate. The nature
and composition of these layers depend on the specific environment:
some are b r i t t l e and poorly protective whilst others are more compact
and hence more highly protective.
In summary, an extensive research program is underway to determine the
suitability of copper as a nuclear waste container material. Results so
far show the effects of various environmental parameters on the uniform
corrosion rate. Pitting corrosion is not thought to be a serious
problem under probable disposal conditions.
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EVALUATION OF SYNROC-C AS A SECOND GENERATION WASTE FORM
J. W. Shade
Battelle, Pacific Northwest Laboratories
Richland, WA 99352
Both glass and crystalline ceramic materials are being considered as waste
containment forms for nuclear fuel reprocessing wastes and are under consideration along with unreprocessed spent fuel for disposal in geologic repositories. Although borosilicate glasses have received the most development effort
in the past, high temperature glasses, glass-ceramics, and crystalline ceramics
are presently under consideration as second generation waste forms. Among
these materials, the crystalline titanate ceramic, Synroc, has exhibited good
performance as a candidate second generation waste form and is further evaluated
in this study. The purpose of this study is to evaluate the leaching performance
of an Australian-prepared Synroc-C (for commercial waste) by comparison with
a well documented borosilicate glass, MCC 76-68, using several different test
methods. The selection of leach tests was intended to focus on measurements,
such as saturation values and-.initial leach rates, that can be applied to
repository transport models1 J and also be used to compare waste forms.
The 76-68 glass used in this work contained 33 wt. percent Pw-8a waste calcine
and 4.16 wt. percent UO2 while the Synroc-C contained 10 wt. percent Pw-4b
calcine and 0.50 wt. percent UO?. Uranium was the only radioactive species in
these tests. The tests conducted used a modified MCC-1 procedure using monolithic test specimens and the MCC-3 procedure used specimens crushed to -40+80
mesh (420 - 177 /m) to obtain an undisturbed high surface area. The tests
were conducted at 90°C and 150°C 1n silicate water (0.002M NaHC0 3 ; 0.001M
S10o) with a pH of 8.67 and brine (KC1, 0.65M; NaCl, 1.54M; MgCl 2 , 1.22M)
with a pH of 4.43. The monolith tests were terminated at 28 days, but the
MCC-3 powder tests were continued up to 90 days. All leachate samples were
filtered through 0.50 ^m filters, and samples from powder tests were also filtered through 1.8 nm filters to determine possible colloidal species. In addition to these tests, the temperature dependence on the initial leach rate
was estimated between 90 C and 250 C In low surface-area-to-volume, SA/V,
tests conducted for one day.
The performance of Synroc-C relative to 76-68 glass in silicate water can be
considered in terms of the release of Cs, Mo, and U which are common to both
materials, and Ba which is present only in Synroc. In monolith tests up to
28 days, Ba concentrations found in solution from Synroc are less than one
ppm at 90 C and increase by about a factor of three at 150 C. The concentrations
of Mo, Cs, and U in these monolith tests were normalized to the amount present
1n the waste form material. Normalized Mo released from Synroc (2-0 g/m ) was
about an order of magnitude lower than from glass at 90 C. At 150 C, however,
normalized Mo was more than an order of magnitude higher in glass systems
than in Synroc, which showed little temperature effect. Normalized Cs also
showed very little temperature effect for Synroc with values of about 0.3
g/m , but Cs from glass systems was 20 g/m at 90 C and 30 g/m at 150 C. 2
Normalized U concentrations from glass monoliths at 90 C were about 5.0 g/m ,
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but were about 0.1 g/m for Synroc. At 150 C there is a suggestion based on
limited data that normalized U for Synroc may approach glass values.
Results from the powder leach tests are reported In terms of concentrations,
not normalized. U concentrations achieve a maximum at 28 days which decreases
to less than ten ppb for both Synroc and glass at 90 days, suggesting a similar
U-bearing reaction product may be forming for both materials. Comparisons of
0.5 /an and 1.8 nm filtrates indicate that part of the U from glass may form
colloids and that Ba from Synroc also tends to form small particles. Concentrations of Ba in 0.5 /m filtrates in silicate water at 90 C were near 5 ppm
but were about 1 ppm in 1.8 nm filtrates. Cs concentrations for both glass and
Synroc are shown 1n Figure 1 which combines data from both monolith and powder
tests in terms of SA/V x Time. Cs approaches a steady state of about 10 ppm
in glass systems but is about an order of magnitude lower 1n Synroc systems,
suggesting that two different Cs phases are controlling dissolution. Mo achieved a steady state concentration of 10 ppm in Synroc powder tests at 90 days,
but Mo 1n glass was about a factor of 5 higher and did not exhibit steady state.
The temperature dependence for the initial release rate of Mo and Cs was estimated for both waste forms between 90 C and 250 C by conducting one day dissolution tests at low SA/V ratios. In glass systems, initial release rates
were one to three orders of magnitude higher than in Synroc. Data at the
lowest SA/V x Time values in Figure 1, for example, show these initial release
rates for Cs at 90 C. Activation energies determined from Cs release rates
from glass were the same as Mo and had a value of 8.7 kcal/mol, ignoring some
slight curvature in the data. Activation energies determined from Cs release
rates from Synroc were 3.2 kcal/mol while those based on Mo release were about
1.3 kcal/mol. This suggests that Cs and Mo are associated with separate phases
in Synroc as Intended.
In conclusion Synroc-C appears to be a better waste form than a 76-68 type of
borosilicate glass by about an order of magnitude based on general leach test
performance. The concentrations of some radionuclides, such as uranium, that
typically form low solubility reaction products, may be controlled more by
the type of reaction product formed than by release from waste forms.
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Figure 1 . Synroc-C and 76-68 Cs Release. SO C. S i l i c a t e Hater
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TITANIUM CORROSION UNDER CANADIAN NUCLEAR FUEL
WASTE DISPOSAL CONDITIONS
by
B.M. Ikeda

Fuel Waste Technology Branch
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, ROE 1L0
In the Canadian Nuclear Fuel Waste Management Program, one of the primary
engineered barriers being considered for the isolation of nuclear fuel
waste is a metallic container. This paper deals with the corrosion
behaviour of corrosion-resistant (passive) metals, and titanium, in
particular, under anticipated Canadian nuclear fuel waste disposal
conditions.
The high salinity groundwater and elevated temperature anticipated in a
Canadian nuclear fuel waste disposal vault preclude the use of many passive
metal systems. A review [1] of candidate container materials recommended
titanium, its alloys, and nickel-based alloys for further study. These
materials have very low general corrosion rates, even under relatively
severe conditions. However, these materials may be susceptible to
localized corrosion processes ( p i t t i n g , crevice, and environmental
stress-assisted corrosion), which could lead to premature failure.
Experimental studies on localized corrosion processes that might occur on
titanium indicate that pitting corrosion is unlikely to occur under the
environmental conditions expected in a disposal vault. However, crevice
corrosion has been observed on grade-2 titanium at temperatures as low as
90 C. In our work, we have studied the propagation kinetics on grade-2
titanium at 95 and 150 C in aerated NaCl, to determine i f crevice corrosion
can be stopped or slowed to an acceptable rate.
Electrochemical experiments have been designed in which crevice corrosion
of grade-2 titanium can be studied under nearly natural corroding
conditions 12}. These experiments, in conjunction with potentiostatic
experiments in which the corrosion reactions are forced to occur,
demonstrate that the i n i t i a l stages of crevice corrosion are controlled by
the metal dissolution reaction [2,3J. A maximum corrosion rate is observed
after which the cathodic reaction, i . e . , oxygen reduction outside the
crevice, controls the overall corrosion reaction. I t appears that i f the
cathode is polarized negative to a c r i t i c a l potential (- 0.30 V SHE) due,
for example, to oxygen depletion at the cathodic surface, then crevice
corrosion is very slow. At 100 C, the crevice corrosion rate is comparable
to the general corrosion rate.
In contrast, grade-12 titanium, a dilute nickel- and molybdenum-containing
alloy of titanium, undergoes repassivation in the crevice. Crevice
corrosion can i n i t i a t e on grade-12 titanium, but the extent of corrosion is
very small before repassivation occurs. This contrasting behaviour may be
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attributed to an inherently more stable nickel-molybdenum-containing
passivating film formed on the surface of grade*12 titanium. At 150 C in
aerated solutions containing up to 15.0 mol*dm~ chloride, grade-12
titanium has acceptable resistance to crevice corrosion propagation.
Gamma radiation is generally thought to be detrimental to the corrosion
performance of metallic systems because oxidizing species such as oxygen
and hydrogen peroxide are generated. Our experimental results clearly show
that, in a gamma radiation f i e l d in aerated NaCl solutions at 150 C, the
crevice corrosion reaction on grade-2 titanium i n i t i a t e s , but very rapidly
stops, resulting in \iery l i t t l e crevice corrosion. Thus, in the shortterm, gamma radiation appears to inhibit crevice corrosion on grade-2
titanium in aerated chloride solution at 150 C.
The electrochemical experiments described above provide information on the
kinetics and mechanism of various corrosion processes. This leads to the
development of models, from which long-term predictions can be made.
However, the experiments are short term, and are performed under well
controlled environmental conditions. To test whether the results can be
extrapolated to more realistic environments, immersion tests are underway
in which anticipated disposal vault conditions are simulated.
These immersion tests are being performed in radiation-shielded concrete
canisters in a gamma radiation f i e l d of approximately 4 Gy/h. Three types
of canister experiment are in progress:
(i)

A radiation-corrosion experiment in one of the concrete canisters
normally used for fuel storage at the Whiteshell Nuclear Research
Establishment. This experiment has operated at 100 C for over four
years.

(ii)

Passive canister experiments, in the Immobilized Fuel Test Facility,
which are performed at either 100 or 150 C, using a 5-year cooled
CANDU fuel bundle as a central radiation source. Metal coupons are
exposed to simulated groundwater with high chloride concentration
both with and without compacted bentonite/sand buffer.

(iii)

Interactive canister experiments, under similar conditions to ( i i )
but with the ability to perform instrumented electrochemical tests.

The results from the canister experiments are in general agreement with the
laboratory-scale experiments and with the behaviour anticipated for the
various components of the system. ^Jery l i t t l e general corrosion, no stress
corrosion cracking, and only slight crevice corrosion (except under severe,
a r t i f i c i a l conditions) have been observed.
From these results, a simple corrosion model can be developed in which the
corrosion mechanism and c r i t i c a l corrosion parameters are identified. Our
experimental results, as well as those in the literature, indicate that
stress corrosion cracking, hydrogen enbrittlement, and pitting corrosion
are unlikely to occur on titanium and, therefore, are not included in the
model. At this time, radiation effects have been ignored, although gamma
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radiation appears to inhibit crevice corrosion. The corrosion models are
based on general corrosion and crevice corrosion in free bulk solutions
containing chloride.
The simplest corrosion model is one based on general corrosion, using a
simple Arrhenius rate law to predict corrosion rates as a function of
temperature and, therefore, time. As anticipated, a very long corrosion
lifetime is predicted. A simple extension of this model has been made to
include failure by a crevice corrosion mechanism.
In summary, the corrosion behaviour of titanium has been studied by both
short-ter.n electrochemical experiments and longer term immersion tests.
The results show that the crevice corrosion rate rapidly decreases to
negligible values, and they also indicate that a 500-year container
lifetime (based on corrosion) could be achieved.
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COMPUTER MODELLING OF ALPHA-RADIOLTSIS OF AQUEOUS
SOLUTIONS IN CONTACT WITH USED U0 2 FUEL
J.C. Tait and L.H. Johnson
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinava, Man. ROE 1L0
The Canadian concept for the permanent disposal of used CANDU™ U0 2 fuel is
based on immobilization followed 111
by disposal deep in a stable geologic
formation in the Canadian Shield . It is proposed that the Zircaloysheathed fuel bundles be isolated within a corrosion-resistant Ti or Cu
container which is surrounded by a clay/sand buffer material. This waste
package would be situated in a borehole in the floor of a disposal vault
constructed 500 to 1000 m below the surface of a plutonic rock formation.
The safety assessment for the disposal vault assumes that groundwater
present in the fractures in the rock will eventually penetrate the buffer,
corrode the container material and Zircaloy cladding, and dissolve radionuclides from the U0 2 fuel matrix. The radionuclides could then be transported to the geosphere and eventually the biosphere. The interaction of
the used fuel vith the groundwater is thus an important factor in assessing
the safety of the disposal concept, and considerable research has been
conducted to understand
the dissolution and oxidation mechanisms of U0 2
fuel in water < 2 " S ) .
Under reducing conditions, U0 2 is very insoluble in water; however,
ishould
oxidizing conditions prevail, its solubility is greatly erhanced (6> . Oxidizing conditions could be produced in the vault by gamma-radiolysis of the
porewater in the clay buffer or by alpha- or beta-radiolysis of the water
in contact with the fuel. Gamma-radiolysis would be of importance only
during the first 300 to 500 years after emplacement since the fission products giving rise to the gamma radiation would decay during this period.
The products of radiolysis may persist for some time, however, and there
have been a number 7of9> studies to assess the implications of gamma-radiolysis in the buffer* ~ . Alpha-radiolysis of a thin water layer contacting
the fuel would be prolonged (>100,000 a) and is likely to be more important
in determining long-term
stability. Several modelling studies have addressed this concern' 9 ~ ll> .
Alpha-radiolysis of water produces the molecular species H 2 , 0 2 , and
H202,
but will also produce reactive free-radical species, such as e~, H # , *0H
and H0 2 *. Since H 2 is a relatively unreactive species at the anticipated
vault temperature (<150 °C), the oxidizing species produced could dominate
the solution chemistry. Cathodic stripping voltammetry studies have demonstrated that surface
oxidation of U0 2 to U0 2 . 3 3 is about 200 times faster
by H 2 0 2 than by 0 2 ( 1 2 ) . The radical species produced, however, are capable
of acting either as reducing or oxidizing agents, which could significantly
alter the redox behaviour of dissolved radionuclides.
It has been suggested that materials such as fayalite (Fe 2 Si0 4 ) be added to
the buffer to control the redox potential of the porewater and to facilitate the reduction of any H 2 0 2 produced. In addition, the corrosion of
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container materials such as Ti, Cu, or Fe will produce H 2 ( 1 3 ) , which would
eventually diffuse through the buffer to the host rock, but, for a period
of time, could produce high concentrations of dissolved H 2 in the vicinity
of the+ 2 waste form. Thus H 2 , or Cl" (from potentially saline groundvater),
or Fe ions in solution, could act as radical scavengers and alter the
yields of radical or molecular radiolysis products' 7 ''" 11 '.
The potential of these species to alter the chemistry of the groundwater
and the concentrations of alpha radiolytic products have been investigated
using a computer program'14> to solve the kinetic rate equations for the
fundamental reactions that are known to occur during radiolysis of an
aqueous system.
COMPUTER MODELLING
The modelling of the processes occurring during radiolysis requires a knowledge of the radical-radical and radical-molecular rate constants as well
as the equilibrium constants for the ionic reactions' 151 . The primary product yields (G values - or number of molecules formed per 100 eV of absorbed energy) for alpha-radiolysis are given as coefficients in the following
equation: (16)
[1] 2.71H20 -» 1.3H2f .985H 2 0 2 , .21H«, .240H-, .22H02-, ,06H+, .06e"
The kinetics simulation program, MAKSIMA-CHEMIST'14', was used to solve the
simultaneous kinetic equations, to obtain radical and molecular
species
2
7
concentrations as a function of time over 1the
period
10
to
10
s
(0.01 to
115 d) at the nominal dose rate of 1 x 10 7 eV'L" 1 ^- 1 (0.016 G y s " 1 ) expected at the used-fuel surface. The alpha dose was assumed to be completely absorbed in a 30-um-thick water layer on the fuel. No allowance
was made for diffusion of molecular species out of the reaction layer.
RESULTS
The calculated concentration vs. time curves for H 2 , H 2 0 2 , 0 2 , H«, and -OH
are shown in figures l(a) and
(b). The initial conditions used for figure
l(a) were [H 2 ] - 1.0 x 10'6 mol-L"1, [02J - 1. x 10" 1 2 mol-L"1, pH « 7. It
is evident that, after about 1000 s, the yields of H 2 0 2 and H 2 become
equivalent (since the total H 2 0 2 formed must equal the formation of H 2 for
mass balance) and the 0 2 rate of production parallels that of H 2 . The
radicals H- and *0H are equally scavenged from the system.
At low enough H 2 pressures, the radical scavenging reaction (1) H 2 + -OH -*
H* + H 2 0, is less important than the radical recombination reaction,
(2) H* + *0H -> H 2 0, and as H* and 'OH are removed from the system, the
reactions that control H 2 0 2 decomposition: (3) H> + H 2 0 2 -* *0H + H 2 0 and
(4) *0H + H 2 0 2 -»H02* + H 2 0, become less effective and H 2 0 2 accumulates in
solution.
If the H 2 pressure is initially high enough, then reaction (1) converts -OH
radicals to H> radicals, which can recombine, (5) H* + «H -*H 2 , or react
with6 peroxide
by reaction (3). At an initial H 2 concentration of 7.5 x
10" mol'C"1, the steady-state concentrations observed in figure l(b) were
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established . The implications of this observation for the dissolution of
the U0 2 fuel are that, if corrosion of the container results in an initially high enough dissolved H 2 concentration at the fuel surface following the
breaching of the Zircaloy sheath, the production of H 2 0 2 and 0 2 by alpha
radiolysis can be arrested at a low concentration and maintained at a
steady state by the continued radiolytic production of H 2 .
10
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HJOJ
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Figure 1. Species
concentration vs. alpha radiolysis time. Dose rate*1.0
x
1
10 1 7 eV-l-^s- 1 , pH«7, [0 21l i n t t i m , -1.0 x 10" 1 2 mol'L"
;
(a) [Hjli-1. x 10~* mol'L" , (b) [^^-7.5 x 10~ 6 aol'L"1.
Calculations were also performed for alpha-radiolysis in the presence of
Fe(II) in solution and at low initial [H 2 ]. The results suggest that, at
an initial Fe(II) concentration of 1 x 10" 7 mol'L"1, and provided that
there is a constant source for Fe(lII) (from amorphous Fe(OH) 3 ), the Fe(II)
can be regenerated by reduction of Fe(III) by aqueous electrons at a sufficiently fast rate to initially scavenge *0H from the system and decompose
H 2 0 2 . This would allow the H 2 concentration to build to a level where it
can dominate the reaction kinetics of the system, leading to steady-state
conditions similar to those observed in figure l(b).
Preliminary calculations on alpha-radiolysis in high chloride solutions
indicate that Cl" has little effect on the system, owing to the low reaction rate constant for radical scavenging via: (5) Cl" + -OH -> Cl- + OH",
which is ineffective
in neutral or basic solution due to the exothermic!ty
of the reaction. <17>
The computer modelling results presented here indicate that H 2 and Fe(II)
have a potential for controlling the oe-radiolytic generation of oxidizing
species that could adversely affect the dissolution of a used U0 2 fuel
matrix in a waste vault. Experiments are in progress using alpha sources
and various initial concentrations of H 2 and Fe(II) in solution to verify
the model.
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STORAGE OF IRRADIATED CANDU FUEL
IN DRY AND HOIST AIR
by
K.H. Vasywich (AECL-WNRE)
J. Freire-Canosa and C.R. Frost (Ontario Hydro)
Atomic Energy of Canada Limited
Vhiteshell Nuclear Research Establishment
Pinawa, Manitoba ROE 1L0

INTRODUCTION
The long-term behaviour of irradiated CANDU fuel bundles stored in dry and
moist air at 150°C is being investigated at the Vhiteshell Nuclear Research
Establishment, as part of a joint program between AECL and Ontario Hydro.
Both intact and intentionally defected fuel bundles from Ontario Hydro's
Pickering and Bruce Nuclear Generating Stations are stored in two concrete
canisters. The fuel bundles are stored in leak-tight metallic containers
within the canisters and their temperature is maintained at 150°C with
electrical heaters. In one experiment, the bundles are stored in
atmospheric air (CEX-1) and, in the other, they are stored in air saturated
with moisture (CEX-2). The main characteristics of the stored fuel bundles
are summarized in Tables 1 and 2. In both experiments, the intact bundles
are segregated from the defected ones by an impermeable barrier, to
eliminate any potential interactions.
Storage of fuel bundles in dry air began in 1980 and in moist air in 1981.
The fuel bundles were characterized before storage to benchmark their
condition' 11 . In 1984, the fuel bundles from both experiments were
retrieved for their first interim examination to assess any changes that
may have occurred during this first period in storage. A number of fuel
elements were removed for destructive examination and the remainder of the
fuel bundles were returned to the concrete canisters for continued storage.
After a further storage period, a second examination of the fuel bundles is
planned.
EXPERIMENTAL OBJECTIVES
Both destructive and non-destructive tests were performed to assess:
-

migration of fission products in the U0 2 matrix,
release of fission products,
deterioration of the fuel sheath,
deterioration of the overall integrity of the fuel bundle,
oxidation of the U0 2 matrix.
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The tests included
-

visual and photographic examination of the fuel bundles,
profilometry,
gamma scanning (total fission products and cesium),
fission gas analysis,
hydrogen/deuterium analysis of the fuel sheath,
sheath ring tensile tests,
end plate/end cap torque tests,
determination of U0 2 oxidation by scanning electron microscopy (SEM),
X-ray photoelectron spectroscopy (XPS), X-ray diffraction (XRD) and
chemical analysis.

RESULTS AND CONCLUSIONS
Visual examination of the bundles from both experiments shoved little
change in appearance had occurred due to external oxidation during the
first storage period. The examination confirmed that the fuel bundles
remained intact and indicated minimal oxidation of the fuel sheathing
during the first storage period.
Comparison of the pre- and post-storage test results of dimensional
measurements, end plate/end cap torque tests, ring tensile tests,
hydrogen/deuterium analyses, fission gas analyses and metallographic
examinations confirmed the absence of a significant change in the condition
of the fuel bundles. Gamma scanning of undetected fuel bundles for total
and cesium fission products indicated that the fission products did not
migrate during the first storage period. These results reinforced the
findings of the visual inspection, that the undefected fuel bundles
remained unchanged from their pre-storage condition.
The absence of any change from the pre- to post-storage condition of the
sheathing and end plate/end cap velds of the fuel bundles indicates that
the integrity of both the sheath and bundle of the intentionally defected
fuel bundles vas also unaffected during the first storage period.
A visual examination of the fuel pellets from the defected fuel also
confirmed their overall structural integrity and lack of fuel pellet
swelling due to oxidation to U 3 0 s . However, microstructural analyses of
the pellets by ceramography and SEM shoved evidence of surface oxidation of
the U0 2 grains in the porous region of the fuel. The extent of oxidation
vas dependent on storage environment and fuel irradiation history. The
most significant changes were observed in fuel with high linear pover
ratings and stored in moist air. Ceramographic and SEH examination of the
U0 2 grains revealed an oxide layer ~1 urn thick. This oxidation layer
appears to be U 3 0 8 , as indicated by XPS. However, chemical and XRD
analyses of the fuel failed to confirm the presence of U 3 0,. It appears
that the extent of oxidation is so lov that it is belov the limit of
detection of both the chemical and XRD methods of analysis.
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TABLE 1
FUEL BUNDLES USED III THE CEX PHASE-1 EXPERIMENT

Serial Wo.

Feature*

Discharge Date

Average Outer Eleaent

Peak Outer Eleaent

Burnup (MWh/kg U)

Linear Rating (kw/a)

BRUCE BUNDLES (CARLUB)
E04313C
E04323C*
F06605C*
F065S4C

Plenua
Plenua
Non-Plenua
Non-Plenua

1977
1977
1977
1977

Deceaber
Deceaber
December
Deceaber

1S6
186
212

33
39

216

39

204
204
209
222

50
48
43
48

33

PICKERING BUNDLES
11171W*
11147W
19556C
26244C*

CAWLUB
CANLUB
Ron-CARLUB
Non-CAMLUB

1973
1973
1975
1973

Deceaber
Dacaabar
July
Dacaabar

TABLE 2
FUEL BUNDLES USED IN THE CEX PHASE-2 EXPERIMENT

Serial Ho.

Features

Discharge Date

Average Outer Eleaent
Burnup (MWh/kg U)

Peak Outer Eleaent
Linear Rating (kw/a)

BRUCE BUNDLES (CANLUBI
P17267C*
018126W
F1S910C*
G01355W

high-flux
high-flux
low-flux

low-flux

1979
19*0
1977
1910

April
June
Dacaaber
June

239

53

233
181

48
22
22

195

FXCKIRINO BUNDLES
A08336W*
A08313W
30053C*
B00760W

CARLUB
CARLUB
*on-CARLUB
Ron-CARLUB

1976
197C
1973
1975

Deceaber
Deceaber
October
June

260
262

203
185

* Outer eleaent* in these bundles were intentionally defected.

45
46
43

43
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EFFECT OF ALPHA RADIOLYSIS OF WATER
ON CANDU FUEL OXIDATION
S. Sunder, D.W. Shoesnith, L.H. Johnson,
M.G. Bailey and G.J. Wallace
Atonic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0
Environmental assessment studies of the geologic disposal of used U d
fuel rl1 have shown that the low solubility of the fuel under the
reducing conditions expected in a disposal vault in granitic rock is
likely to be an important factor in limiting the release of radionuclides to the biosphere. Although it is highly probable that deep
qroundwaters in granite are reducing [21, the possibility that ionizing
radiation near the used-fuel container may modify the redox chemistry
leading to oxidative dissolution of the fuel needs to be examined. The
gamma radiation field at the surface of a used-fuel container will decay
to insignificant levels by the time of container failure (> 500 years).
Although the effects of this gamma radiation on near-field chemistry may
remain for longer periods of time, alpha radiolysis of water will likely
have more influence on the stability of used fuel, since the alpha
radiation field at the fuel surface may be significant for more than
100 000 years.
Radiolysis of water produces both oxidants and reductants, including
H,0 2J 0,, OH, H and H,. We have studied the oxidation of U0, by the
products of direct alpha radiolysis of water, as well as by dissolved 0»
and H ? 0». These investigations were carried out using electrochemical
techniques and X-ray photoelectron spectroscopy (XPS). The results of
our experiments are summarized below.
DISSOLVED OXYGEN EFFECT
In an air-saturated, aqueous, NaCIO* solution (TO,! = 2.66x10"*
mol'dm"*), the corrosion potential of a U0* electrode rose rapidly (in /•
1 nin^ to -400 mV fron -2 V, the potential at which the electrode was
cathodically cleaned (all potentials are with respect to the SCE). In
the next 6 to 8 hours, the potential reached a valua of * 30 mV, and a
film grew on the U0». This film thickened slowly over + 8 hours and
achieved a limiting thickness of * 6 nm. Beyond 6 to 8 hours, the
corrosion potential slowly drifted to + 90 mV, but no further film
thickening was observed. The surface composition of this film was shown
by XPS to be close to that of U0, .,,. The same film composition was
observed for experiments lasting as long as 170 hours. The slow drift
in the corrosion potential from 30 mV to 90 mV for times greater than 8
hours is probably related to a slow change in surface composition, as
shown below.
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UO, • U0, + x • U 0 2 > 3 3

-

(1)

where 0 < x < 0.33.
Our earlier studies have shown that UO, oxidation, up to the UO* . »3
stage, does not cause any significant increase in dissolution rate [3].
Therefore, it appears that 0 2 formed during alpha radiolysis of water
will not siqnificantly enhance the dissolution rate of U0».
HYDROGEN PEROXIDE EFFECT
In aqueous NaClO^ solutions containing H 2 0, at concentrations close to
that of dissolved oxygen in air-saturated ([0tl = 2.66x10 * mol'dm 3 )
and oxygen-saturated (TOa"l = 1.27x10"' mol«dro ') solutions, the
corrosion potential of a U02 electrode reached a steady-state value of
+ 85 PIV. XPS analysis showed that the surface conposition at this stage
was close to U0» .ss. Hence, overall oxidation at these concentrations
hy H,0, was the sane as by dissolved 0«. However, the rate of oxidation
was faster for both stages of film growth (reaction (1)) as the corrosion potential reached the steady-state value in * 5 min in solutions
containing H,0», compared with + 24 hours for solutions containing
dissolved 0,. Me attribute this faster rate of oxidation to reactions
involving radicals, as the decomposition of H»0, can lead to the
formation of radical intermediates, i.e., OH and HO, [41. The UO,
electrode potential shifted to more positive values for [H,0,] >^ 5x10"*
mol•dn"', indicating a change in3 the mechanism. XPS results showed
that, for THjOji > 10"* mol*dn~ , the surface composition progresses
through the sequence
U0

2.33 * U0 2.5 * U0 2.67
supporting the suggestion of a change in mechanism at higher H,0 2
concentrations, fron one involving predominantly peroxide decomposition
at low concentrations to one involving oxidative dissolution of U0, at
higher concentrations of H,0, [4*1.
ALPHA RADIOLYSIS EFFECT
The corrosion potential of a UO, electrode, in the presence of an alpha
source, appears to depend upon the strength of the source and its
distance from the electrode. A U0, electrode placed within + 30 urn of
an alpha source of strength * 23 MBq developed a potential of * 75 mV
over a period of about 20 h f5"l. The potential-time profile suggested a
buildup of radiolysis products as a function of time. When the gap
between the U0 t electrode and the alpha source was increased, the
potential dropped to a value of -40 mV. We attribute this drop in
potential to a decrease in the concentration of radiolysis products near
the electrode surface. A potential of -40 mV suggests a surface
composition of U0, + x (0 < x < 0.33). Weaker alpha sources (0.17 MBq),
which produce fluxes close to those expected to occur at the surface of
irradiated fuel after storage for 500 years, showed little tendency to
oxidize the U0, surface.
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Our XPS studies on I/O, pellets exposed to alpha sources of strengths up
to 1.8 MBq, for periods up to •* 50 days, showed that surface oxidation
proceeded only to the U0» .,, stage. Oxidation up to this stage may
also be caused by dissolved air, as discussed earlier.
SUMMARY AND CONCLUSIONS
The oxidation of U0 2 by dissolved 0,, H 2 0 2 and the products of direct
alpha radiolysis of water has been investigated. 7he oxidation of U0 2
in water proceeds about 200 tines more rapidly by H,0 s than by dissolved
02 at the same concentration. The oxidation of U0» by the products of
direct alpha radiolysis of water is a function of their concentration.
Radiolysis products of water, formed by an alpha flux comparable to that
expected at the fuel surface at the estimated time of waste container
failure, cause very little oxidative dissolution of U0 a fuel.
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- 319 SOLUBILITY OF UNIRRADIATED
URANIUM OXIDE IN GRANITIC GROUNDWATER

K. Olllla
Technical Research Centre of Finland
Reactor Laboratory, Otakaari 3 A,
SF-02150 Espoo, Finland

The up-to-date Finnish plans for the management of spent nuclear fuel are
based on direct disposal in granitic bedrock at a depth of 500 m. The
concept is based on multiple barriers to inhibit the migration of radionuclides to the biosphere. The uranium oxide matrix is considered as the
innermost barrier. The solubility of uranium is important as the source
term for the safety analysis. Release of the other radionuclides, especially, the actinides, is dependent on the matrix dissolution.
The purpose of these experiments is to study the effects of the most
important parameters on the solubility of uranium in deep granitic
groundwater under the disposal conditions of spent nuclear fuel. These
are considered to be pH and redox conditions, and the composition of
groundwater, especially the carbonate concentration. As a fuel sample
the unirradiated uranium oxide pellets are used.
The solubility of uranium in the two different synthetic groundwaters
was measured as a function of pH and redox conditions at 25°C [l,2J.
The synthetic groundwater I is meant to correspond to the undisturbed
chemical conditions deep in the granitic bedrock. The synthetic groundwater II simulates the effects of bentonite clay which has been proposed
to be used as a buffer material. The increased carbonate and sodium
concentrations are descriptive. The pH values of the waters were chosen
so that they represent the different carbonate equilibriums, or the
solubility was measured at the pH values 4...5, 8...9 and 11...12. The
redox conditions vary from strongly reducing to mildly oxidizing conditions.
The experiments were carried out under air-saturated conditions, and
under oxygen-free conditions in an anaerobic glove cabinet and in an
autoclave system [3] which was developed for the simulation of deep
groundwater conditions. A redox sensitive electrode couple was developed
for this system.
The solubility limit or the equilibrium solubility of uranium was measured in the following way. The U 0 2 pellet is let dissolve in synthetic
groundwater for a period and after that the water is changed. At first
the water changing is done more frequently in an attempt to remove more
soluble material, e.g. any higher oxides of uranium that might be
present on the surface. Then the dissolution period is lengthened.
Successive dissolution periods are carried out until the equilibrium
solubility is attained or the solubility does not increase any more.
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Results
The solubility of uranium in both synthetic groundwaters at different pH
values for the latest dissolution period of 165 d is shown in Table I.
TABLE 1.

pH

4...5
8...9
11...12

Solubility of uranium as a function of pH
(Eh - -0,10...-0,05 V )

U solubility
in synthetic groundwater 1
(total carbonate content of
123 mg/1)
Hg/1

150
15
23

U solubility
in synthetic groundwater II
(total carbonate content of
600 mg/1)

tig/1

32
14
86

There are no great differences in the solubility at different pH values.
The solubility is lowest at the pH value of 8...9 expected for deep
groundwater. Suprisingly, the results show no significant increase in
the uranium solubility in the synthetic groundwater II with the high
carbonate content.
Figure 1 shows uranium solubility under oxidizing and reducing conditions as a function of contact time. The solubility is 1-3 orders of
magnitude lower under reducing conditions. The presented values represent the dissolved fractions of uranium. The absorbed and precipitated
fractions are considerably higher under reducing conditions during the
longer dissolution periods suggesting that the solubility limit has been
attained.
The results of the next dissolution period of 210 d will be included in
the presentation. The experimental results will be compared with the
theoretical results which have been calculated using the geochemical
code, PHREEQE.
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CHEMISTRY OF URANIUM COLLOIDS
IN GROUNDWATER ENVIRONMENTS
C.H. Ho and N.H. Miller
Research Chemistry Branch
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0
To properly assess the importance of colloids as carriers of radioactivity from a nuclear waste vault, it is necessary to study the
mechanisms of colloid formation and transport in a well-defined
environment similar to that of an underground disposal vault. Once a
waste form is partially dissolved in grouadwater, and some radionuclides
are released, two possible colloidal mechanisms can be envisaged for the
transport of these radionuclides. Some of the radionuclides could
adsorb on pre-existing colloidal particles such as clays or iron oxides
and be transported on them. It is also possible that stable colloids
could be formed by hydrolysis or precipitation of the radionuclides
themselves. These colloids could be stabilized by other components of
the flowing groundwater. By either, or both, of these two mechanisms,
activity could be transported away from the waste vault, and the
transport of that activity would be over and above that predicted by
straight consideration of the solubility of the various radionuclides in
groundwater.
We have investigated the formation of uranium-containing colloids formed
by sorption of uranium on a well-characterized iron oxide colloid of
narrow-size distribution. The effects of pH, humic acid concentration
and bicarbonate ion concentration were studied. In the pH range of 4.0
to 6.2, with no humic acid present, the adsorption of uranium was
reversible and increased with increasing pH. This
behaviour is consistent with (UOoMOHJg being the adsorbed speciesv . This conclusion was
substantiated by electrophoretic measurements to determine the charge on
the particles, and by infrared spectra.
In the same pH range, but in the presence of humic acid, the adsorption
of uranium was altered^ '. A small addition of humic acid enhanced
uranium adsorption at pH 4.0. However, as the pH and humic acid
concentration increased, the adsorption of uranium decreased. When
bicarbonate anions were present in the pH range 6.5 to 9.0, an/«preciable amount of uraniun was adsorbed by the iron oxide colloids* ',
although the adsorption was reduced as the pH increased from 6.5 to 9.0.
Infrared spectra showed that carbonate groups were present in the
adsorbed species, and uranium was retained as carbonate complexes.
A second phase of our work has involved investigations of/direct colloid
formation when uranium(VI) is reduced in aqueous solution* . Colloidal
particles were formed when uranium(VI) was reduced by HS" ions in solutions containing bicarbonate. Particles with two completely different
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morphologies were formed, depending on solution pH and reaction
temperature. Electrophoretic measurements showed that both types of
particles were negatively charged in the pH range 4.0 to 9.0.
In these experiments we have shown that, under certain groundwater
conditions, uranium can form colloids or be adsorbed on groundwater
colloids and thus can be transported away from the vault in colloidal
forms. There is some evidence in the literature that other radionuclides such as cesium, americium, technetium, plutonium and neptunium
may also form colloids. Our colloid chemistry program at Whiteshell is
intended to generate quantitative data on these radioedloids to enable
prediction of radionuclide transport in the form of colloids.
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THE EFFECT OF PRECIPITATION ON RADIONUCLIDE
RELEASE FROM USED FUEL
Frank Garisto and Nava C. Garisto
. Research Chemistry Branch
Fuel Waste Technology Branch
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada ROE 1L0
The environmental and safety assessment of used nuclear fuel disposal in
an underground vault requires information concerning the rates at which
radionuclides will be released from the fuel bundles after groundwater
breaches the fuel sheath and contacts the used fuel. The release of
radionuclides fron used-fuel bundles is a complex process; however, two
escape mechanisms, which operate on very different time scales, are
expected to control the rate at which radionuclides will enter the
qroundwater system.
First, fission products such as Cs and I trapped in the fuel/sheath gap
and at qrain boundaries will be rapidly released after groundwater has
breached the fuel sheath. The instant release/fraction for CANDU" used
fue"! has been determined by Johnson and Joling^ and will not be
discussed further.
Second, radionuclides will be released from the used fuel due to the
dissolution of the fuel matrix itself. This relatively slow process
controls the release of a major portion of the radionuclides trapped in
the used fuel. The rate at which a particular radionuclide is released
from the used fuel is given, assuming congruent release, as the product
of the used-fuel dissolution rate and the fractional abundance of the
radionuclide in the used fuel.
The dissolution of used fuel is often described using solubility-limited
dissolution models. In these models, the solid dissolution rate is
controlled by the mass transport (diffusion and/or convection) of
dissolved solid (i.e., uranium solution species) away from the fuelqroundwater interface. More importantly, for nuclear waste management
studies, the rate of dissolution of the used fuel decreases as the
concentration of uranium at the fuel-groundwater interface approaches
the U0 2 solubility (used U0 2 fuel is * 98 to 99% UOg).
In the disposal vault environment, the IKX, solubility may conceivably
vary from location to location. Solubility variations can be caused,
for example, by temperature gradients, concentration gradients of
groundwater species and redox potential gradients. Such solubility
qradients could lead to precipitation of a uranium solid "downstream"
from the used-fuel surface.
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Our objective in this paper is to describe the effect cf precipitation
on the used-fuel dissolution rate calculated using solubility-limited
dissolution models. A one-dimensional diffusion-convection equation is
used to describe the mass transport of dissolved solid. In addition,
the solubility of U0 2 near the used-fuel surface, c o , is assumed to
decrease abruptly to ct at a distance t from the used-fuel surface.
In real systems changes in solubility due to,for example, the redoxpotential gradients caused by alpha radiolysis are gradual. However,
in order to simplify the nathenatics we have chosen a spatial step
function dependence for the solubility. This should not affect the
essential features of the phenomenon we are investigating.
In our simple model, the coupling between mass transport and
precipitation appears as a change, at the time precipitation starts, in
the boundary conditions used to solve the diffusion-convection equation.
This mass transport equation, for a semi-infinite system, is amenable to
analytic solution; however, for/the
most part, it was solved numerically
using the Crank-Nicol son method1 .
Our model calculations show that precipitation increases the used-fuel
dissolution rate. This effect is found to be particularly important at
long times, especially if transport of dissolved solid is purely
diffusion controlled, i.e., the convective flow velocity, v, is zero.
At intermediate times, the enhancement factor depends strongly on the
value (c o -c,)/*, i.e., the solubility gradient. The used-fuel
dissolutTon rate increases as the ratio (co-ct)/t increases.
We have, so far, emphasized the importance of precipitation in
solubility-limited dissolution models. However, precipitation is not
the only phenomenon that can increase the rate of used-fuel dissolution
determined from solubility-limited dissolution models. Any phenomenon
that, tends/to decrease the concentration of uranium in solution, e.g.,
adsorption* , could enhance the rate of used-fuel dissolution. This
effect is illustrated in our calculations, by varying the uranium
distribution coefficient, K..
The results presented in this paper indicate that precipitation (and
similar phenomena) could enhance the rate of used-fuel dissolution. The
importance of this effect, in real systems, would of course depend on
many factors, e.g., the time of container failure, the magnitude of the
solubility gradient, the duration of solubility gradients, etc.
However, such effects should be considered in disposal-system
performance calculations, which use a solubility-controlled source term
for determining the long-term release from used fuel.
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CHARACTERIZATION OF CORROSION DEPOSITS AND THE ASSESSMENT
OF FISSION PRODUCTS RELEASED FROM USED CANDU FUEL
J.D. Chen, P.A. Beeley*, R. Taylor, D.G. Hartrick,
N.L. Pshyshlak, K.M. Wasywich, A. Rochon, and K.I. Burns*
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba
C.R. Frost
Ontario Hydro
Toronto, Ontario

INTRODUCTION
Experiments were carried out to characterize corrosion deposits on used
CANDU™ fuel and to study the release of fission products from intact and
intentionally defected fuel bundles stored in air saturated with water
vapour. This work is part of a program to study the long-term behaviour
of used CANDU fuel bundles stored in dry and moist air at 150°C at the
Whiteshell Nuclear Research Establishment near Pinawa, Manitoba, Canada,
as part of a joint program between Ontario Hydro and Atomic Energy of
Canada LimitedC1).
In CANDU reactors, out-of-core corrosion products in the heat transfer
system deposit on the surfaces of fuel bundles and subsequently become
radioactive as a result of neutron exposure. Also deposited on the surfaces of fuel bundles are fission products, which originate from fuel
defects or fission of trace levels of uranium present in the reactor
coolant. The purpose of characterizing the deposits on the surface of
the fuel was to assess the radioactive handling hazards associated with
dry storage of fuel bundles and to provide data to assess the potential
for activity transport in CANDU reactors.
Four Bruce and four Pickering used fuel bundles were stored in eight
individual stainless steel pressure vessels containing 0.1 litres of
deionized distilled water at 150 ± 5 ° C All of the outer elements except
one, which was designated as a "control" in two of the Bruce and two of
the Pickering bundles were intentionally defected to determine the effect
of storage conditions on undetected versus defected bundles. After
approximately 30 months of storage, the distilled water from the eight
pressure vessels was poured into plastic containers and analyzed.

* Present address, Queen's University, Kingston, Ontario
* Present address, Atomic Energy of Canada Limited, Chalk River Nuclear
Laboratories, Chalk River, Ontario
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EXPERIMENTAL PROCEDURE
Characterization of Corrosion and Fission Product Deposits
Nineteen Bruce and Pickering elements were used in this study. Each
element was visually examined for any evidence of surface deposits. To
remove surface contaminants, which may have been picked up during handling in the hot cells, approximately half the length of each element
(250 mm) was washed in a graduated Pyrex cylinder containing 10 mol*L -1
hydrochloric acid and approximately 0.1 weight percent Alconox solution
for fifteen minutes. The corrosion products from the same length of each
fuel element were then dissolved by immersion in a new solution of the
hydrochloric acid mixture in a polypropylene cylinder at 80°C for two
hours. The resulting acid solutions were analyzed for gamma emitters by
gamma spectrometry, strontium-90 by chemical separation and beta counting, uranium by neutron activation and the corrosion deposits iron, nickel, copper, chromium and cobalt by graphite furnace atomic absorption
spectroscopy.
Analyses of Pressure Vessel Solutions
The solutions from the eight pressure vessels all contained a small
amount of solid material, which was separated by filtration. Aliquots of
the solutions were analyzed for uranium by neutron activation, alpha
activity by alpha counting, gamma activity by gamma spectroscopy,
iodine-129 by chemical separation and neutron activation, and technetium-99 and strontium-90 by chemical separation and liquid scintillation counting. The solid residues from six of the solutions were
analyzed by scanning electron microscopy and energy dispersive x-ray
analysis for elemental composition.

RESULTS AND CONCLUSIONS
Corrosion and Fission Product Deposits
Visual examination of all nineteen elements showed no detectable evidence
of surface deposits due to corrosion products. The procedure used to
dissolve the surface deposits was developed in previous studies at the
Chalk River Nuclear Laboratories on Pickering and Bruce used fuel
elements^2'. In a preliminary experiment, a Pickering element was
treated with the hot hydrochloric acid solution on three separate occasions for periods of two, three and, finally, four and one half hours to
give three separate solutions. The three solutions had approximately the
same iron concentration and cobalt-60 activity. Apparently this acid
treatment does not completely remove the corrosion deposit, perhaps
because the corrosion products are incorporated into the chemically inert
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zirconium oxide matrix as it grows on the fuel sheath during irradiation
of the fuel in the reactor. For the present study it was decided that
the standard two-hour hot acid treatment would provide suitable data to
assess handling hazards associated with dry storage of fuel bundles. The
results for the two-hour acid treatment summarized in Table 1, therefore,
do not give the total inventory of corrosion and fission products on the
surfaces of the fuel elements. The data show no major differences
between Pickering and Bruce fuel. The main corrosion product found was
iron with a concentration range of 12 to 300 mg/m 2 . Nickel, copper and
chromium were a factor of 10 lower in concentration, and cobalt was about
a factor of 100 lower than iron in concentration. The major gammaemitting isotope was the fission product cesium-137. The strontium-90
activities were comparable to the cesium-137 activities. The cobalt-60
activities were about an order of magnitude lower than the cesium
activities.

Pressure Vessel Solutions
The major fission product in all the pressure vessel solutions was
cesium-137. The results, summarized in Table 2, indicate no distinct
differences between solutions from Bruce and Pickering fuel bundles. The
source of the fission product activity in the solutions from the undefected bundles was attributed to leaching of the surfaces of the fuel
bundles, since the levels of activity measured were consistent with the
inventory available as deposits on the sheath surface (Table 1 ) . The
fission product activities in the solutions from the defected bundles
were significantly higher than in the solutions from the undefected bundles, particularly cesium-137, which was 100 to 1000 times higher in
activity. This higher activity was attributed to leaching of the fuel
matrix in the region of the fuel defect.
The residues from the solutions varied in weight from 3 to 28 mg. They
were reddish-brown to black in colour, suggesting the solids were hematite and/or magnetite and were corrosion products from the stainless
steel pressure vessels. Energy dispersive x-ray analyses of the residue
confirmed that they were corrosion products of the pressure vessels.
Iron was the major constituent and chromium, nickel, manganese, silicon
and in some cases zirconium were present as minor constituents.
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TABLE 1
Analytical Results of Pre-Storage Corrosion Deposit Solutions
from Nineteen Bruce and Pickering UBed Fuel Elements

Element
(mg»m2)

Fe
Ni
Cu

Bruce

Pickering

12-616
2-15
2-17

13-300
1-12
1-21

Cr

10-37

3-30

Co

0.01-1
15-172

0.02-0.2
5-72

u

Isotope
(Bq»nT2xl06)

Bruce

Pickering

6°Co

0.3-3
12-300
3-146

0.4-5
9-76
2-60

9-150

6-23

137 Cs
13i
*Cs
90 S r

TABLE 2
Analytical Results of CEX-2 Post-Storage Pressure Vessel Solutions *

Bundle

a
(Bq)

U

(g)

129!
(Bq)

(Bq)

TBq7

"(BqT

Bruce Solutions
98 6.9x1058
F17267C* 5.1x10-55
G18126W 1.6x10211 2.0x10
7.7X10-1* 3022 2.3x107
F18910
G01355W
1.8xlO~5 211 4.4x10b

3.7x109
1.8xl06
2.0x108
1.6xl06

7.4x10"5
2.7x10-7
3.0x10"b
1.2x10"7

ND*t3xlO't
4.8x10 8.4x103
1.7x10 * ND <lxl03
7.6x103 9.7x103
9.7X101*
3

Pickering Solutions
A08336W*
A08313W
30053C

7.4xl0"6
5

1.6xl0"

306 4.7x108 6.3x109
1225

6.0x1068
1.8x10
6

ND <lxlO"6 61
B00760W 6.7x10"6 306 2.1x10

7.2x1069
2.2x10
6
2.5x10

1
1.1x10"* 7.8X101* ND <6xlO
*
2
1
5
5.8X10 * 7x10
1.0x10"
2.5x10"5 3.1x105 ND ^xlO1*
l.lxlO"6 3-OxlO1* 3.0x103

^Analytical Results are for the 0.1 L of water used to provide the moist
environment. 99Tc was not detected in any sample and the detection
limit was 0.6 ng'mL"1.
*0uter elements in these bundles were intentionally defected.
**ND indicates the radioisotope or element was not detected and a
detection limit is given.
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FINITE-ELEMENT TBERMOHYDROGEOLOGICAL MODELLING FOR
CANADIAN NUCLEAR FUEL WASTE MANAGEMENT
T. Chan, N.V. Scheier, J.A.K. Reid
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinava, Manitoba ROE 1L0 Canada
The Canadian Nuclear Fuel Vaste Management Program is currently assessing
the concept of disposal of immobilized nuclear fuel vaste deep vithin
plutonic rock bodies in the Canadian Shield. To assess the radiological
impact of the vaste vault, it is important to reliably predict the heat and
groundvater flov in the surrounding rock. This paper presents (1) the
mathematical formulation and numerical techniques in the finite-element
code, HOTIF, vhich has been developed by Atomic Energy of Canada Ltd. (1)
for modelling coupled heat transfer and groundvater flov in fractured
porous media, (2) quality-assurance verification of the MOTIF code by
comparison vith pertinent analytical and numerical solutions and (3)
application of the MOTIF code to simulate heat and groundvater flov in a
detailed geosphere model vith a hypothetical vault placed in a conceptual
geological configuration consistent vith field data from the Vhiteshell
Research Area.
For thermohydrogeological modelling, the MOTIF code solves the fully
coupled, partial differential equations for fluid mass balance and heat
energy balance in a porous medium. The energy balance equation accounts
for both conductive and convecfive heat transport mechanisms. These
governing equations are coupled through the convective terms and because of
the variation of density and viscosity vith temperature and pressure, as
given by the constitutive relationships. The differential equations are
solved using the Galerkin finite-element technique in conjunction vith
temporal finite differencing. Coupling of flov and heat transport is
handled using Picard iteration.
As a quality-assurance measure, the MOTIF code has been verified by
comparison of its results vith analytical solutions or other published
numerical solutions. The verification problems relevant to the present
paper include (1) transient fluid flov from a borehole in a fractured
porous medium, (2) topographically driven steady-state groundvater flov in
a porous rock mass traversed by tvo intersecting fracture zones, (3) 2D
free thermal convection in a Bele-Shav cell, and (A) 3D transient heat
transport and buoyancy-driven groundvater flov in a porous medium.
A conceptual geosphere model has been constructed to be consistent vith
geological, geophysical and hydrogeological data from the Vhiteshell
Research Area'2'. The model comprises a lov-permeability granitic rock
mass, 25 x 40 x 4 km, traversed by a number of more permeable vertical and
slightly dipping fracture zones. A hypothetical CANDU™ fuel vaste vault,
1.9 x 1.9 km in horizontal extent, has been simulated 500 m belov ground
surface.
Several 2D and 3D finite-element representations of the conceptual
geosphere model have been constructed. The top boundary of the model has
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prescribed head values equal to ground elevations along vith a prescribed
constant temperature. Mean geothermal temperatures and no-fluid flow
conditions are applied to the other boundaries. Prior to simulating waste
emplacement in the vault, the system is in steady-state condition under the
combined influence of topography and natural geothermal gradient.
Preliminary results from a 2D finite-element analysis are illustrated in
Figure 1 for three locations in the geosphere. The three frames are
semilog plots of time-history of temperature (2A), horizontal porevater
velocity (2B) and vertical porevater velocity (2C). The three points
illustrated are all located in fracture zones. Points SA and SB are
located approximately 110 n above and 50 m belov the vault, respectively,
in a slightly dipping fracture zone that intersects the vault. Point V is
about 200 B above the vault in a vertical fracture zone 325 m from the edge
of the vault. Both temperatures and groundvater velocities in the vicinity
of the vault are
perturbed over a long period of time, ranging from a fev
decades to 10 s a. Maximum temperatures and velocities occur around a fev
thousand to ten thousand years. The maximum velocity perturbation lags
slightly behind the temperature peak. It is significant that heat from the
vault causes groundvater velocities to increase to approximately twice the
steady-state value. Groundvater velocities in fracture zones, near the
vault are typically on the order of 1 m/a. In the rock mass outside the
fracture zones velocities are typically four orders of magnitude lower.
Pathlines and travel times have been calculated for water particles
convected from various parts of the vault. These correspond to nuclide
transport without diffusion, dispersion, decay, or chemical retardation.
Figure 2 illustrates predictions based on the previously described 2D flow
analysis results. The travel tine from the vault to ground surface ranges
from 1200 years to 26 Billion years with path lengths between 1018 a and
1536 a. The fastest path corresponds to travel up a slightly dipping
fracture zone that intersects the vault. Dispersion and diffusion
significantly accelerate the first arrival of contaminants along the slow
paths but have only minor influence on transport along the faster paths.
It is concluded that, in investigating nuclear fuel waste disposal in
plutonic rock, it is important to locate and characterize the fracture
zones as accurately as possible. Furthermore, thermally driven groundvater
flow has to be taken into account in hydrogeological aodels that simulate a
nuclear fuel waste vault in the geosphere.
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(1) T. Chan, V. Guvanasen and J.A.Keith Reid, "Nuaerical Modelling of
Coupled Fluid, Heat and Solute Transport in Deformable Fractured
Rock," Proceedings of the International Symposium On Coupled Processes
Affecting the Performance of a Nuclear Vaste Repository, Lawrence
Berkeley Laboratory, 1985 Sept. 18-20, 1985, (in press).
(2) N.V. Scheier, K.V. Dorauth and S.H. Vhitaker, "Development of a
Geosphere Model For Use In Assessing the Performance of a Nuclear Fuel
Vaste Disposal Vault," GAC-MAC-CGU Joint Annual Meeting, 1986 May 1921, Carleton University, (in preparation).

c

1-1
(D

VERTICAL
VELOCITY (m/o)
13

1

to D. a

HORIZONTAL
VELOCITY (m/o)

O

O

—

b

in

b

i.

b b

n

3

I-*

H-

a

t

f

<O»0J
a j>

en >-s ro
(6

/

» *o

i

•

ii

O to rt

n

1

i1

s.

C m n
(D
N

o

1

i

S83
n> to
<

rt ti3
( 0 l-»

C
M
ft
•

ft
<! W
(0
l-» m

to 1

u

ro

y

O

o o
n H

1t
.'

\

I

m >
(D <•

n

rt u
CO

X

OI

oi

(0
1
ft to
3* ft
1
C
rti 1
ft) rD

8

TEMPERATURECC)
ro
O
O

o

\

JK V

/

^

600
LAYER I
LAYER 2
LAYER 3
O FRACTURE ZONE

i

-400
1000

500

500

1000

Distance (metres)

Figure 2: Predicted travel paths for convective transport of fluid particles
released from a hypothetical disposal vault (travel distances and
times are indicated)

- 335

-

GROUND-WAItR FLOW AND RAOIONUCLIOE TRANSPORT ANALYSES
FOR A CRYSTALLINE REFERENCE AREA
A. Brandstetter, A. Andrews, J.H. Doesburg
A.B. Gureghian, L.L. Loebel, C.J. Noronha, S.B. Steidl
Battelle Project Management Division
505 King Avenue, Columbus, Ohio 43201
The Crystalline Repository Project (CRP) of the U.S. Department of Energy
(DOE) is responsible for the development of high-level nuclear waste
repositories in crystalline rock formations. Following a national
survey, over 200 rock bodies were identified in 17 states located in the
midwest, northeast, and southeast 1of the country. Using a welldocumented screening methodology^ ), twelve areas are currently being
recommended for further evaluation, including field work(?). Following
public and government (including States and Indian Tribes) review of
these recommendations, and their finalization, an Area Characterization
Report (ACP) will be prepared describing the planned field work in the
candidate areas.
Performance assessments of the recommended areas will define data needs
for the analyses planned for later site comparisons and recommendations.
To evaluate the technical approach for these assessments, ground-water
flow and radionuciide transport analyses were performed for a crystalline
reference area. A portion of the Kennebec River basin in Maine was
selected based on a review of available data and characteristics of the
rock bodies in the northeastern and southeastern states. This basin does
not include a recommended area; its selection, therefore, avoided
implications of prejudgments prior to the area recommendations. This
river basin has highly varied physiographic characteristics, including a
major river, numerous small tributaries, a few lakes, and varied
topography; the modeled portion is about 25 km wide by 75 km long.
For the reference area analyses, some, but not all, planned approaches
were used. They included one-dimensional ground-water flow calculations
using Darcy's law, two- and three-dimensional finite-element ground-water
flow modeling, and one-dimensional analytical radionuclide transport
modeling.
Since detailed subsurface information was not available for the reference
area, hydrogeologic characteristics representing crystalline rocks were
taken from the literature, including Swedish and Canadian research
areas. This resulted in a wide range of parameter values, and thus a
wide range in computed ground-water flow and radionuclide transport
values.
The results of the simple one-dimensional flow analyses, Figure (1), vary
over several orders of magnitude, primarily due to the great range of
hydraulic conductivities that may be encountered in various crystalline
rocks, including fracture zones. For instance, the ground-water travel
time over a 5 km distance, the regulatory distance defined by the
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U.S. Environmental Protection Agency (EPA), range from about 300 to
200,000 years for fracture zones (median about 5,000 years) and from
about 30,000 to 2 million years for granite (median about
500,000 years). A narrower range is expected at real areas due to the
probable smaller variation in parameter values.
Two-dimensional flow analyses were performed through a vertical cross
section of the reference area, at a location with gentle surface
gradients and a lake. For these analyses, intact granite was assumed,
and ground-water flow trajectories were computed from various locations
at depths between 400 and 800 m. The computed ground-water travel times
over a 5-km distance ranged from about 3 million to 30 million years,
thus well above the 1,000-year Nuclear Regulatory Commission (NRC)
minimum and the 10,000-year DOE guideline. Figure (2) is an example of
the two-dimensional flow analyses. The potential effects of fractures
and fracture zones were not evaluated in the two-dimensional analyses
ground-water pathlines for a system that includes fracture zones are
likely to be different.
The three-dimensional ground-water flow analyses were performed with and
without a fracture zone to evaluate the effects of the fracture zone on
computed hydraulic potentials. The fracture zone was assumed to be 10 m
wide in the direction of expected ground-water flow across the entire
width of the reference area, and to have a hydraulic conductivity two
orders of magnitude higher than the intact granite. The computed
hydraulic potentials with the fracture, for the assumptions made, show
only a small distortion compared to the potentials computed without the
fracture. This could result from the combined effects of the selected
finite-element grid, hydraulic conductivities, and boundary conditions.
The effect of the fracture on ground-water velocity and travel paths was
not evaluated.
The radionuciide release and transport evaluations concentrated on the
definition of expected geochemical environments in crystalline rocks, the
selection of important radionuclides from among the total assembly of
fission products, and the definition of solubilities and retardation
coefficients for the selected radionuclides and geochemical
environments. Only one radionuclide transport calculation was performed
as a test case; therefore, general comparisons with the EPA release
limits cannot yet be made. This will be done for the analyses of the
recommended areas.
As a result of these computations, recommendations were made with respect
to the analyses that should be performed for the candidate areas. One-,
two-, and three-dimensional analyses are all useful in evaluating
ground-water flow velocity and directions depending on the amount of data
available. Finite-element models are recommended for analyses of the
complex geometry of crystalline rock bodies if sufficient data exist to
warrant the effort. These analyses allow evaluation of a wide spectrum
of input parameters and the resulting output uncertainties. Porous-media
flow models appear to be adequate for scoping analyses of fractured
crystalline rocks. An important conclusion of the computations was that
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almost any results can be obtained with generic analyses. Undoubtedly,
more definitive, area-specific conclusions will be reached from the
analyses of the recommended areas.
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REDUCING RADIATION DOSES FROM 1 2 9 I
DISPOSAL BY ISOTOPIC DILUTION
L.H. Johnson and D.M. LeNeveu
Atomic Energy of Canada Limited
Vhiteshell Nuclear Research Establishment
Pinawa, Manitoba, ROE 1L0
The Canadian concept for used fuel waste disposal is to emplace the waste
containers in a vault located deep underground in stable plutonic rock. (1 '
The containers would be surrounded by a compacted buffer material and the
remaining vault area would be backfilled. A recent probabilistic assessment
of used fuel disposal has shown that 1 2 9 I is predicted to be one of the
principal contributors
to the radiation dose to man arising from disposal
of used fuel.' 21 The assessment vas carried out with the aid of a computer
program SYVAC (Systems Variability Analysis Code), a stochastic system
model developed to address the problems of parameter variability3 and
uncertainty particularly in long-term assessment applications.' ' In SYVAC
model parameters are specified as probability distributions rather than as
single values. SYVAC samples these distributions to obtain a specific value
for each parameter, and predicts a consequence. Repeated samplings yield an
estimate of the probability associated with values in the resulting range
of consequences. Based on the model assumptions and parameter distributions
used3 in the recent assessment of used fuel disposal, all doses exceeding
10"
mSv/a (approximately 0.1% of natural background radiation) were due to
129
I.
There are three major factors responsible for 1 2 9 I dominating the predicted
doses. The first is the large release of this nuclide immediately upon
container failure. This is due to the assumed concurrent failure1 2of
all
fuel sheaths, followed by rapid dissolution of up to 10% of the<4>5>9 I
inventory in the fuel elements (the instant release fraction).
The
second is the lack of retardation of the
iodide
ion
in
geological
systems.
Finally,
the long half-life (1.6 x 10 7 a) ensures that virtually all of the
129
I released from the vault will eventually reach the biosphere.
Since the predicted doses are dominated by 1 2 9 I , the possibility of
engineering various components of the disposal system to reduce the dose
seems justified. Several approaches have been considered. Very long-term
containment has been proposed; however, even for copper containers greater
than 10 cm thick, it is not possible
to confidently predict lifetimes of
the order of the half-life of 129 i.<6> Retardation of I" by sorption or
mineralization reactions in the near field has been examined and shown to
be an unsatisfactory approach, due to the limited stability of the various
iodide phases <7>8>
in saline, reducing and bentonite-dominated
environments.
A possible strategy to reduce potential doses from waste
containing 1 2 9 I is to dilute the waste with stable iodine ( 127 I) prior to,
or during, immobilization. Such an approach would result in radiation doses
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being decreased in direct proportion to the ratio of
examine the merits of this approach in this paper.

127

I/129I

ingested. Ve

The waste container
for used fuel is assumed to be of the particulatepacked design, (9) i.e., the fuel bundles are placed in open-ended steel
tubes inside the container and the void space between fuel elements and
between the steel tubes are filled with spherical glass beads. 1The
concept
for isotopic dilution is to mix a solid particulate containing 2 7 I , such
as iodosodalite pellets, with the glass beads in the container. The degree
of isotopic mixing that would occur in the vault would depend on the
release rates of the stable and the radioactive iodine. The former has the
potential for being controlled by the selection of 1 2 7 I hosts of different
durability. The release rate of the instant release fraction of the 1 2 9 I
inventory would depend on the fuel sheath failure rate, which is difficult
to predict with the current level of knowledge.
A one-dimensional mass transport model composed of two media, the container
infilling material and the buffer material, has been used to calculate the
release of iodine from the buffer. The degree
of isotopic mixing has been
determined for various release rates of 1 2 *i and 1 2 7 I . The results indicate
that the addition of stable iodine to the container infilling material in
the disposal of used fuel reduce the potential doses from 1 2 * I . The use of
a highly soluble iodide host or a mixture of a highly soluble host and a
durable host, would be better than the use of a durable host alone, for
achieving complete dilution of the peak release of 1 2 9 I .
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THE EFFECT OF COLLOIDS ON ACTINIDE MIGRATION
P. Vilks and D.J. Drew
Atomic Energy of Canada Limited
Uhiteshell Research Establishment, Pinawa, Manitoba

The Canadian Nuclear Fuel Waste Management Program has a mandate to
assess the concept of used fuel waste disposal in a vault at depth in
plutonic rock. The rock mass surrounding the vault is considered an
important barrier between the fuel wastes and the biosphere. To
validate this assumption, it is necessary to study processes by which
radionuclides can migrate through the geosphere. Since transport through
groundwater is the most likely method of radionuclide migration,
considerable research has been devoted to processes, such as sorption
and matrix diffusion, that can lead to the retardation of dissolved
radionuclides.
A number of radionuclides form radiocolloids that have migration
properties that are different from those of dissolved species. To
evaluate the role of radiocolloids in ectinide migration through the
geosphere, a literature review has been completed and a colloid studies
program has been initiated. True radiocolloids are defined as
radionuclide aggregates with a particle size of 1 to 10 nanometres,
while pseudo-radiocolloids can be defined as organic or inorganic
colloidal substrates on which one or more radionuclides are sorbed.
Radiocolloid or pseudo-radiocolloid formation depends upon radionuclide
solubility, the availability and sorption properties of colloidal
substrates (such as hematite, clay minerals, etc.), pH, Eh, ionic
strength, and radionuclide concentration. Colloid transport is
determined by groundwater velocity, pH, ionic strength, colloid size,
and colloid surface properties, which are an expression of the crystal
chemistry of the material exposed at the colloid surface. Because
actinide concentration in the groundwater near the vault is expected to
be low, actinide colloid transport will be dominated by
pseudo-radiocolloids. Natural groundwater colloids and particles
released from vitrified wastes or waste fuel may generate
pseudo-radiocolloids.
In laboratory solutions, true actinide colloids have been known to
precipitate, and pseudo-radiocolloid formation has been attributed to
actinide sorption onto colloidal impurities such as dust or silica.
These colloids have been responsible for misleading sorption and
solubility data. For example, the effect of colloids has been observed
in an experiment where americium was allowed to migrate through a
machined fracture in a granite core. In contrast to static experiments,
the calculated sorption coefficient for americium appeared to be very
low. The elution profile suggested the existence of a poorly sorbing
americium species, which may have been colloidal, and the presence of a
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dissolved species, which migrates more slowly. A centrifuge technique
confirmed that 50 percent of the americium consisted of colloids with
sizes between 26 and 250 nanometres.
Future colloid studies will concentrate on (1) how colloids affect
radionuclide migration in natural groundwater, and (2) how colloids can
influence the laboratory experiments used as models for radionuclide
migration. Natural groundwater colloids must be studied to evaluate
potential radiocolloid migration in the geosphere. Laboratory-generated
colloids must also be investigated, to confirm that their presence does
not generate misleading data on radionuclide migration. The
radiocolloids found in laboratory solutions should be considered
separately from potential groundwater radiocolloids, as their formation
and properties are different.
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MECHANISM OF OXIDATION AND DISSOLUTION OF CANDlT FUEL
IN GROUNDWATER.
S. Sunder, D.W. Shoesmith, M.G. Bailey and G.J. Wallace
Atomic Energy of Canada Limited
Whitesheli Nuclear Research Establishment
Pinam, Manitoba, Canada ROE 1L0
The mechanism of oxidation and dissolution of UCL fuel under groundwater
conditions has been investigated. This information is required to
assess the disposal of irradiated fuel in a nuclear waste vault placed
deep in Plutonic rock. Irradiated CANDU" fuel is mainly UO^ (> 98%)
with the remainder being fission products and actinides formed by
uranium fission and other nuclear reactions in the reactor; thus, the
dissolution of UOp is a ma.ior potential source for the release of
radionuclides contained within the irradiated fuel. UOo is very
insoluble under reducing conditions, but under oxidizing conditions it
is converted into phases with uranium in higher oxidation states, which
have greater solubility. Therefore, the dissolution rate of the fuel in
the «ault will depend upon the extent of oxidation, as well as on the
composition of the groundwater. Here we discuss the results of our
experiments on the effect of redox potential, pH and the presence of
selected anions in the groundwater on UO^ fuel oxidation and
dissolution.
We have combined electrochemical techniques with surface-sensitive
spectroscopic techniques, particularly X-ray photoelectron spectroscopy
(XPS>, to study the oxidation and dissolution of U0 2 [1,21. Electrochemical techniques provide a convenient method to control the redox
conditions as well as the kinetics of the redox reactions. XPS provides
direct information about the chemical state of a solid surface, i.e.,
the type of elements present in the surface as well as their oxidation
states.
Our studies have shown that the oxidation of UOg progresses through a
series of steps accompanied by dissolution at higher oxidation
potentials. U0« undergoes very little dissolution at potentials below
-100 nV (vs SCEj. For more oxidizing conditions, we have shown that the
oxidative dissolution of UO^, in neutral or basic solutions, can be
described by the series of reactions T2-31 shown in Figure 1.
Here 0 £ x < 0.25, (UO^ ) a f < s denotes uranyl ions in the solid surface,
+
denotes uranyl ions in solution close to the solid surface,
uo +
and ( j> ^bulk denotes uranyl ions (as UO2 or complexed with anions or
hydrated) in the bulk of the solution.

-

U0
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U0 2+x (nonolayer)

U0,'zH-0(ppt)

FIGURE 1: Reaction scheme for the oxidative dissolution of U0 2 in the
absence of strongly complexinq anions.
The oxidation mechanism of UCL described above can be divided into two
stages. The first staqe, UD to the formation of a U0 2 33 film
(reactions (a) to (c)), occurs prior to onset of any significant
dissolution f3"!. The second staqe, involvinn oxidation beyond U0 2 33,
is accompanied by the onset of dissolution of uranium as uranyl ions.
Our studies have shown that an increase in the pH of the solution (for
the pH ranne 3 to 12) favours film formation (reactions (d), (e) and
(f)) over uranyl dissolution (reaction (g)).
We Ijave also studied the effect of the presence of a few selected anions
(C0^~, SO.", P(X,~ and Cl") in the groundwater on the oxidation and
dissolution of uO 2 . The presence of these anions in neutral or slightly
basic solutions does not affect either the nature or the kinetics of the
first r stags of the film growth, i.e., U0 2 • U0 2 33 (reactions (a) to
(c)) 4,5i. Subsequent stages of film growth afe affected if the
concentration of ariions that strongly complex with the uranyl ions,
i.e., C(U~ and PO*", increases beyond a given value. Thus, the U0 2 J
U0 o ,, film does not form if the total carbonate concentration is above
1x10" mol'dm ' r4"i. Phosphate anions show a similar effect if the
total phosphate concentration is above 0.1 moVdm"" [5]. The effect of
the complexinq anions strongly supports the reaction scheme presented
here for UOj, oxidation ai^d. dissolution. Thus, when dissolution of the
surface urariyl ions ((U0 2 )a^s)» is accelerated by the complexing anions
of the solution, the solid-state transformation reactions (e) and (f)
not observed.
A detailed mechanism of the oxidation and dissolution of the U0 2 fuel
has been obtained. It is concluded that the redox potential is one of
the most important parameters for the stability of the U0 2 fuel in a
vault placed in geological formations. For potential^ more ca^hodic
than -100 mV (vs SCE), carbonate concentrations < 10" mol'dm" and
generally basic pH conditions will reduce the dissolution of U0 2 and,
hence, minimize the release of the radionuclides present in the used
fuel.
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TIME-DEPENDENT BIOSPHERE PROCESSES
IN NUCLEAR FUEL VASTE DISPOSAL ASSESSMENTS
P.A.Davis
Vhiteshell Nuclear Research Establishment
Pinawa, Manitoba
The approach that has been developed for incorporating time-dependent
events into the biosphere model for assessing the Canadian Nuclear Fuel
Waste Management concept is described. During the 10-million-year
assessment period, the earth's biosphere will likely undergo profound
changes in response to natural and anthropogenic forces. The effects of
these changes must be taken into account if they are capable of altering
the rate or pattern of radionuclide migration through the biosphere from
the underground nuclear fuel waste vault, thereby altering the dose
consequences to man.
The time-dependent approach'X) is based on the assumption that past
variations in the biosphere will be repeated in the future. Without
interference from man, the biosphere will continue to evolve as it has.
Man's present and future potential for altering the biosphere is great, but
the nature of his impact is impossible to predict, and attempts to model it
would be futile. Accordingly, historical events affecting the Precambrian
Shield (in which the vault will be sited) are identified, and evaluated
with respect to their potential to affect future radionuclide migration.
It is concluded that long time-scale geological processes (epeirogenesis,
tectonic drift, volcanism, meteorite impact) occur too slowly or too
infrequently to affect the transport of radionuclides through the biosphere
during the next few million years. Genetic evolution and reversals of the
earth's magnetic field are similar to anthropogenic effects in the sense
that, although they will occur within the time frame of the assessment,
they cannot be modelled because they are fundamentally unpredictable.
Processes such as denudation and short time-scale climatic fluctuations can
be handled stochastically through the parameter value probability density
distributions already used in the assessment model'2'. Only glaciation,
including glacially induced faulting, requires specific time-dependent
modelling.
Too little is known of the glacial cycle to conduct detailed time-dependent
modelling of its effects on radionuclide transport through the biosphere
over the next few million years. Instead, the cycle is broken down into a
small number of discrete states, in each of which conditions are assumed to
be time-independent. The pathways by which radionuclides could reach man
during each state are identified, and the relevant parameter values and
distributions defined. A separate, time-independent assessment is
performed of each state in turn, assuming that each state persists
throughout the entire simulation period. Except during full stadial
conditions, the reference group is assumed to live at the discharge zone,
and to practise a form of agriculture consistent with the predicted
conditions of climate, soil and drainage pattern. No assessment is
necessary for a full stadial biosphere in which the original discharge zone
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is covered with ice and the reference group is displaced far to the south.
The final assessment will be based on the state for which the most severe
consequences are predicted.
Isolated events that could cause an increase in radionuclide concentration
are also being identified and evaluated, either within the assessment model
or in separate evaluations. Such situations could arise, for example, if
the physical or chemical character of the discharge zone is changed during
the glacial cycle, or if the glacier gouges out contaminated sediments from
the discharge lake and spreads them over land that is later used for
farming. The effects of catastrophic events such as hydrodynamic blowouts
and glacial thrusting are also being evaluated.
The information required to model glaciation is currently being assembled
by a number of research groups under contract to Atomic Energy of Canada
Limited. These groups are identifying the pathways by which radionuclides
could reach man at each stage of the glacial cycle, identifying changes
that could occur in the physical and chemical character of the discharge
zone following glaciation, and providing the necessary parameter values as
a function of time throughout
the cycle. For example, values of several
climatic parameters'3' for five biosphere states are shown in Table 1.
Once all of the information has been assembled, the modelling approach
described above will be implemented.

Table 1
Climatic Characteristics of Five Biosphere States
(from reference 3)

INTERGLACIAL

STADIAL
Early

Mean Annual
Temperature (°C)

Middle

INTERSTADIAL
Late

0.9

-5

-20

-2

-1.9

660

800

600

650

600

360

-

-

-

230

300

100

0

1000

370

0.5

0.6

0.8

0.5

0.8

Mean Annual
Precipitation (urn)
Evapotranspiration (mm)
Runoff (mm)
January Albedo

The proposed approach to time-dependent modelling is manageable, credible
and conservative. It reflects the philosophy that, for reasons of
practicality and credibility, as little explicit time-dependent modelling
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as possible should be performed, consistent with a thorough evaluation of
the potential effects of transitional events on the predictions of the
assessment model.
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PREDICTING HUMAN FOOD AND WATER INGESTION RATES AND INHALATION
RATES FOR USE IN ENVIRONMENTAL ASSESSMENT MODELS
R. Zach
Atomic Energy of Canada Limited
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba

Environmental assessment models for nuclear power installations require
ingestion rates of various food types and water and inhalation rates for
humans, to make dose predictions for radionuclide releases. Usually,
food and water ingestion rates are estimated through consumer surveys or
production data, and inhalation rates via respirometers or energy
metabolism. These methods have resulted in a wealth of generic values
for use in assessments. However, typically, these values are not
closely related.
There are several reasons why independently determined generic ingestion
and inhalation rates are unsatisfactory. Values may be representative
of short periods only and may be difficult to apply consistently to
various age and sex classes of humans. They may also neglect the strong
correlations between food consumption, drinking and inhalation. In
short, the major, problem with independent generic values is that they
usually ignore important underlying physical and biological
relationships.
To remedy this situation, we have developed a model, EWAM (Energy,
Hater, Air Model), for predicting integrated food and water ingestion
rates and inhalation rates (Fig. 1 ) . The model uses physical,
physiological, energetic and nutritional relationships in combination
with mass and energy balances. It also involves specified activity time
budgets and diets, consisting of one or more food types. EWAM is a
deterministic equilibrium model, operating on a daily time scale, but
its predictions can be readily extended to annual values for use in
environmental assessment models.
In EWAM, a person's daily energy need is calculated with the help of a
24-h activity time budget, specifying physical activity intensities and
ambient temperatures for up to 24 periods of equal duration. In
conjunction with this, personal data such as age, body mass, sex and,
for females, reproductive status must be given. Energy need, consisting
of basal metabolic rate, specific dynamic action, and physical activity,
growth, pregnancy, lactation and temperature allowances, is then
balanced by energy input, using the specified diet and the Atwater
system of food fuel values. To calculate food ingestion rates, energy
input 16 approportioned to the food types included in the diet according
to specified energy contribution fractions. This also requires •
specification of carbohydrate, fat, protein and water contents of food
types. Appropriate values are readily available from the literature.
Energy Input Is then used to calculate water need involving the basic
water, lactation and temperature allowances. Water need is balanced by
water Input with contributions from food, metabolic and drinking water.
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Finally, air need and Inhalation rate are calculated from energy input
and food ingestion rates. Thus, in EWAM, predicted food and water
ingestion rates and inhalation rates are meaningfully correlated.
Table 1 summarizes energy, vater and air budgets for a case study of a
62-kg male, 17 years of age. This example is based on three activity
periods and a diet of three general food types: milk, meat and plant,
with specified energy contribution fractions of 0.2, 0.5 and 0.3,
respectively. Given appropriate energy contents of these food types,
the calculated ingestion rates for milk, meat and plant are 1 014, 764
and 1 140 g/d, respectively. These ingestion rates, together with the
corresponding drinking water ingestion rate of 1 904 mL/d and inhalation
rate of 24.9 m /d (Table 1 ) , can be used as meaningful input to
environmental assessment models for nuclear power installations after
transforming the rates to annual values.
EWAM is a very general model and it can handle up to 20 food types for
any age and sex class, including pregnant and lactating females, under a
variety of environmental conditions.
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FIG. 1. Schematic representation of IMAM showing input data at left and
calculated food and water ingestlon rates and inhalation rates at right.
Solid arrows indicate relationships implemented in EMAM; dashed arrows
indicate relationships to be considered for Input data.
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Table 1.

Energy, water and air budget summaries for case study
of a 62-kg male 17 years old

Need

Input

Energy (kcal/d)
Basal metabolic rate
Physical activity
Growth
Pregnancy
Lactation
Temperature
Specific dynamic action

1 639
1 176
50
0
0
9
499

Food ingestion

3 373

Energy need

3 373

Energy input

3 373

Water (mL/d)
Basic
Lactation
Temperature

3 036
0
1 535

Food ingestion
Metabolic
Drinking

2 244
423
1 904

Water need

4 571

Water Input

4 571

Air (n 3 /d)
Air need

24.9

Inhalation

24.9
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PATHWAY-II: A COMPUTER CODE FOR RADIOLOGICAL
ENVIRONMENTAL PATHWAYS ANALYSIS
R.M. Zimmermann, T.F. Kempe and K.J. Donnelly
Nuclear Materials Management Department
Ontario Hydro
The computer code PATHWAY-II^ was developed in the Nuclear Materials
Management Department of Ontario Hydro, to provide a simple means of
calculating radiation doses to exposed members of the public following
acute or chronic releases from a nuclear facility. The program allows
the user to select a wide choice of pathways, for either atmospheric or
aquatic emissions, and permits calculation of both individual and
collective doses.
The code is interactive, totally menu driven and very user friendly.
Such parameters as, for example, site dependent data, weather frequency
data and directional population data, can be customized for each user's
needs. The code has been thoroughly tested, and the results are in
excellent agreement with other codes endorsed by regulatory authorities.
The methodology used is that of "The Basis of the Derived Limits for the
Emission of Radionuclldes in Airborne and Liquid Effluents from Ontario
Hydro's Nuclear Facilities*1*2*, and that of two draft Canadian
Standards:
CSA N288.1<3> and CSA N288.2<4>.
ICRP-26<5> dosimetry
is used, although the code provides for easy modification of dose
conversion factors and transfer parameters. Critical organ doses are
also calculated.
The movement of radioactive materials through the environment to man is
modelled in terms of a series of compartments as shown in Figure 1. The
movement
of radionuclides from compartment
to compartment
is
characterized by a set of transfer parameters, which, when appropriately
combined with the amounts of radioactive materials in each compartment,
permit the calculation of the dose to man.
Calculation of doses from atmospheric pathways includes atmospheric
immersion. Inhalation, groundshine, lngestion of cereals and vegetables
grown on contaminated ground, ingestion of cereals and vegetables
contaminated by atmospheric deposition, Ingestion of animal products

contaminated >'rom consumption of contaminated cereals and vegetables, and
ingestion of animal products contaminated through atmospheric
inhalation. Calculation of doses from aquatic pathways includes water
immersion, water ingestion, exposure to contaminated shoreline, exposure
to Irrigated soil, fish Ingestion. consumption of animal products
contaminated by water Ingestion and consumption of crops contaminated by
irrigation water.
The code is written in Compiled Basic for the IBM Personal Computer, or
compatibles. It is divided into a series of seven modules that are
chained during program execution as necessary. Figure 2 shows the

- 355

-

overall program flow. The nodules PATHIN and PATHIN2 contain menus for
selecting such items as the pathways of interest, the nuclear facility,
the Modes of release, the radionuclides and the dose recipients. The
module AIROQSE calculates the atmospheric transfer parameters and the
airborne doses for all selected dose recipients, and the module DOSEOUT
generates the output of airborne doses. The module COLLDOSE calculates
the collective doses for an average adult recipient. The aquatic
transfer parameters and the aquatic doses for all the selected recipients
are calculated in the module AQUADOSE. The module QDOSEOUT generates the
output of aquatic doses.
In addition to being used for numerous in-house assessments, PATHWAY-II
has been used and referenced in a variety of published papers* 6 ' 7>8 *.
Its ease of use, user friendliness and comprehensiveness makes this code
one of the most complete and up-to-date in the field.
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REFINING GENERIC PLANT/SOIL CONCENTRATION RATIOS
S.C. Sheppard
Environmental Research Branch
Whiteshell Nuclear Research Establishment
Pinawa, Manitoba, Canada R0E 1L0
INTRODUCTION
Toxic nuclides in the environment have an impact on man only after they
leave the abiotic compartments, near the source, and enter the biological
compartments, occupied by man. These transfers from physically to
biologically driven compartments are quite variable and, therefore,
difficult to predict. The inherent variation resulting from the physical
complexity of both compartments is compounded by biological variability as
the transfer path approaches man. The transfer from soils to plants is a
good example of this. This pathway has proven to be inherently variable
(1) and potentially important for very long term nuclear safety assessments
(2,3).
The transfer of nuclides from soils to plants is usually modelled using
element-specific plant/soil concentration ratios (CR). The CR values for a
given element often range over 3 to 5 orders of magnitude. Some of this
variation is due to factors such as plant type, soil type, etc. Sitespecific safety assessments can use CR values measured for their specific
soils and plant types to reduce the overall variability and to increase the
accuracy of the assessment. Ibwever, these refinements are not possible or
practical for long-term generic assessments, such as that being done for
the Nuclear Fuel Waste Management (NFWM) Program in Canada (2). The
objective of this paper is to explore a realistic and conservative method
for reducing the effective variability of CR values for use in generic
assessments.
DISTRIBUTION OF CR VALUES
The distributions of ratios such as CR value? tend to be lognormal,
following the central limit theorem. This theorem is not absolute, and
exceptions are to be expected. The distributions of CR values for Am, Ce,
Cm, Co, Cs, Mn, Np, Pu, Ru, Sr, Tc and Zn measured in long-term
radionuclide experiments (4), and for Al, Ca, Cu, Fe, K, Mg, Mn, P, Pb and
Zn measured in natural, boreal forest settings (5) were examined. All of
the distributions were skewed and were statistically best-described as lognormal. Thus, there seems little question that the assumption of a lognormal distribution for CR values is appropriate. At present, a uniform,
geometric, standard deviation of 2.3 is assumed for all CR values in the
NFWM assessment.
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CATEGORIZATION AND CORRELATION OF CR VALUES
The effective breadth of the distribution of CR values in stochastic models
can be reduced by making the value selection less random. Specifically,
the selection of the CR values can be related to the selection of other
parameters in the assessment. The most appropriate parameter, from the
viewpoint of generic long term assessments, is some measure of soil type.
Data are available to support categorization of CR's by soil type only for
some elements. An alternative is to correlate CR to the solid phase/
liquid phase partition coefficient (K.) for each element. The concept is
simply that elements in soils that have a high retention capacity will be
less likely to be absorbed by plants, given that all elements that enter
plant roots must do so via the solution phase. This correlation has been
predicted by mechanistic models of the uptake process (6) and has been used
to estimate unmeasured K^ values (7).
The equation used to derive correlated parameter selection is given (8) as
S

y
2
y = r s * (x - n^) + my + (1 - r ) S y Z

(1)

where j£ is the generated normal distribution of log (CR) with a mean m
and standard deviation S v
jc is the originally selected normal distribution of log (K.) with a
mean m x and standard deviation S
r is the correlation coefficient
Z is a variate with a normal distribution, a mean of 0 and a standard
deviation of 1. Ebr a given K. value, equation (1) becomes
y. - «ty + (1 - r 2 ) S jZ

(2)

Thus, the .standard deviation of y for any given K, value becomes a fraction
(1 - r*)L/* of the overall value of S . This funStion, plotted in Fig. 1,
clearly indicates that for a given Revalue, the variation of the selected
CR values can be decreased substantially if the absolute value of r is
greater than 0.7. In terms of the probability of selecting an extreme
value, for example a 100-fold difference from the mean, an r value of 0.5
would decrease the probability by half (Fig. 1 ) .
Measured correlations between K, and CR ere seldom reported. Sheppard (6)
calculated r values across elements of -0,75 to -0.82. In field studies
(5), we found statistically significant r values of -0.47 for Pe, -0.66 for
K, -0.74 for Mg and -0.26 for Hn (n * 65). We recommend an r value of -0.7
be used in assessment modelling.
The current *ffWM assessment model uses K, values categorized by soil type
(9). The correlation of CR to K, coupled with this categorization of K.
results in a generated categorization of CR values. The relationship
between the means of two categories of CR can be derived from equation (1).
In computing the mean, the term Z has the value of 0 and equation (1)
becomes
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If JJC and m are defined as the mean K, v a l u e s for c a t e g o r i e s i and j , then
equation 3 d e f i n e s the d i f f e r e n c e in mean CR's between c a t e g o r i e s i and j .
The r a t i o S V S i s q u i t e v a r i a b l e , but the geometric mean and standard
d e v i a t i o n c a l c u l a t e d from v a l u e s of S (4) and S (9) are 1.00 and 0 . 8 .
The r e l a t i o n s h i p s of categorized CR and K, v a l u e s can be examined for some
n u c l i d e s where d i f f e r e n c e s in mean CR and K^ values between c a t e g o r i e s of
s o i l texture have been reported (Table 1 ) . Using these d i f f e r e n c e s and
assuming S y / S x = l , these data suggest a value of r o f - 0 . 8 8 ± 0 . 6 7 .
CONCLUSION
The CR v a l u e s used in generic long-term assessments are quite v a r i a b l e and
r e l i a b l y conform to a lognormal d i s t r i b u t i o n . There are few o p p o r t u n i t i e s
t o reduce the e f f e c t i v e v a r i a b i l i t y of CR v a l u e s for g e n e r i c assessments.
The most appropriate seems t o be a c o r r e l a t i o n to s o i l p r o p e r t i e s . A
c o r r e l a t i o n c o e f f i c i e n t of - 0 . 7 between CR and s o i l Kd i s proposed, and the
consequences in terms of s t o c h a s t i c parameter s e l e c t i o n are examined.
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A NATURAL ANALOG FOR A FUEL WASTE DISPOSAL VAULT.
Jan J. Cramer
Atomic Energy of Canada Ltd.
Pinava, Manitoba
Canada, ROE 1L0
Atomic Energy of Canada Limited (AECL) is researching the concept of
underground disposal of nuclear fuel vaste in plutonic rock in the
Canadian Shield. Mathematical models are used to assess
the safety of
this disposal concept for time periods of more than 10fi years. Natural
analogs are used to enhance the level of confidence of these assessments for both complex systems and long time periods. Good natural
analogs can be found for a variety of processes and systems under study
for the concept of a vaste disposal vault. Although an exact analog to
a complete disposal vault does not exist, this paper discusses a comprehensive analog that includes many of the aspects of a conceptual
vault.
The sandstone-hosted uranium deposit at Cigar Lake in northern Saskatchewan (Figure 1) has many characteristics that make this deposit
suitable for analog studies. The most important characteristics are the
folloving:
1.

The dimensions, the ore grade (average
-14X U 3 0 s ) and the
calculated ore reserve of 147xlO6 kg U compare veil vith the
dimensions and used-fuel content of a loaded vaste vault.

2.

There is no detectable indicator at the surface of the massive,
1.3 billion year old U-ore body.

3.

The ore body lies under -400 m of sandstone and is surrounded by
a clay-rich halo in a fashion similar to the buffer and backfill
in a disposal vault.

4.

The intersection of the ore body by fractures, the lack of
engineered containment barriers, and the higher porosity and
permeability of the sandstones compared vith granite make this
deposit an open system for groundvater flov compared vith a
disposal vault.

Analog studies conducted by AECL focus on the distribution and migration of U and other trace elements in the ore body and the surrounding
host-rocks. Detailed analyses are made of compositions and conditions
in the sandstone host-rock, the clay-rich halo and the ore body, as
veil as of the groundvater chemistry. Furthermore, Cogema Canada
Limited and the Cigar Lake Mining Corporation are generously providing
data on the hydrology as veil as access to their collection of sample
material and other data.
An understanding of the present conditions and compositions of the ore
deposit system is as important as an understanding of these parameters
during the formation and subsequent evolution of the deposit. For
instance, the most important parameter at present is the low Eh of
groundvater in the ore zone. The paleo-data on this and similar systems
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indicate that such a low Eh not only existed during ore formation but
also survived for hundreds of millions of years. This observation in
turn aids the understanding of the mineralogy in the day-rich halo and
the trace element distribution in this halo.
Results of the studies sofar indicate that
1.

Initial clay enrichment of the sandstone in the ore zone
resulted from hydrothermal dissolution of the quartz matrix.
This quartz dissolution led to a simultaneous enrichment of many
trace elements in the residual clay and accessory minerals.

2.

An illite - uranium association exists in the clay-rich zone
near the ore body and in some clay-filled fractures. However, I)
fixation is mainly on Fe-oxide/hydroxide phases attached to the
clay-mineral.

3.

Kineralogical and geochemical data provide both indirect and
direct evidence for radiolysis of groundvater in the ore zone.

CIGAR LAKE U-DEPOSIT
GLACIAL OVERBURDEN

\

PROTEROZOIC
SANDSTONE

V low

groundwatcr

ARCHEAN SHIELD

lOOm

Figure 1. Schematic cross-section of the Cigar Lake uranium
deposit, shoving the geometry of the ore body and the
clay-rich halo plus the present-day groundvater flov
directions.

- 364 -

A PROBABILISTIC RISK ASSESSMENT OF AN
UNDERGROUND RADIOACTIVE WASTE DISPOSAL FACILITY
B.6.J. Thompson
Department o f t h e Environment
London
U n i t e d Kingdom
BACKGROUND
During 1985, the t r i a l assessment of a postulated intermediate level
radioactive waste disposal f a c i l i t y , at a depth of 150 metres below
the AERE Harwell s i t e , was undertaken by the UK Government Department
of the Environment as part of i t s research programme on radioactive
waste management. This rehearsal (DRY RUN 1) is the f i r s t in a series
designed to develop and test a methodology for p r o b a b i l i s t i c risk
assessment ( p . r . a . ) against a principal target of individual risk of
10-6 per annum during the post-closure period, as specified by the
UK Regulatory Authorities [ 1 ] .
A single groundwater transport
scenario is considered with parameter values and uncertainties that
are assumed invariant with time.
An e a r l i e r paper [ 2 ] considered generic conditions and DRY RUN 1
develops the approach to the pre-site investigations stage of
assessment, demonstrating the manner in which the s i t e i s
characterised, uncertainties estimated and iterations are made between
d e t a i l e d d e t e r m i n i s t i c c a l c u l a t i o n s (of groundwater flow and
transport, geochemical speciation etc.) and p . r . a . using simplified
models in the UK SYVAC ' A / C framework of Monte Carlo simulations.
RESULTS

Full risk simulations using SYVAC 'A/C generally disagree with risks
predicted from a variety of 'best estimate' values of the defining
variables (permeability, sorptions etc.) as shown in Fig. 1.
Risks calculated from extreme values of these variables are in general
so pessimistic as to fail to meet the regulatory target. For the
Harwell scenario considered, for instance, the upper limiting value of
risk is approximately 1.3x10-3 per annum.
Hence a full p.r.a. is thought to be essential and the results from
the SYVAC 'A/C case study are shown in Fig. 2 where it is seen that
for the first one million years after closure, the risk is always just
less than 10-6 p.a. with the most important nuciides for the
inventory assumed being 1129, initially, followed later by the
U234 and Am241 chains.

The author wishes the contribution of those listed in the
acknowledgments to be recognised.
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The SYVAC runs that contribute most to the overall risk result from
conditions somewhat different from those assumed during initial
deterministic modelling. Hence, it is necessary to racheck the simple
treatment in p.r.a. by means of more accurate derailed models. In the
present study the SYVAC 'A/C' assumptions were found to be
satisfactory, as seen from Fig. 3 for instance, where the flux of
radionuclides from the clay layer to the aquifer layer in the
geosphere predicted by SYVAC 'A/C agrees well with that predicted by
a more detailed two-dimensional transport model.
The effect of sample size on the results is less well established,
however, and so far it has not been possible to demonstrate that the
present results have converged to the point where further sampling
would not significantly alter the predicted risk. For iodine 125
alone however the results from 1,200 runs using the Deterministic
Generator sampling method lie within the 95% confidence bounds from a
larger 8,000 runs random sample [Fig. 4 ] , Importance Sampling [3] is
being pursued currently to provide an efficient scheme when many more
parameters are to be sampled and correlations taken into account.
THE FUTURE
The next stage (DRY RUN 2) w i l l demonstrate the way in which d i f f e r e n t
scenarios can be l o g i c a l l y defined, selected, analysed and combined to
give an overall risk p r e d i c t i o n . Limited treatment of time-dependent
parameter values w i l l be introduced but a comprehensive approach w i l l
not be possible u n t i l DRY RUN 3 is carried out during 1986 using the
TIME2 scenario generator [ 4 ] showing how the repository s i t e evolves
under the influence of
i)

a climate-driven sequence of natural processes, both gradual and

disruptive
ii)
iii)

human-induced effects, and
repository-induced effects.
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MODELLING ASPECTS IN VAULT CHEMISTRY
Nava C Garisto
Fuel Waste Technology Branch
Whiteshell Nuclear Research Establishment
Atomic Energy of Canada Limited
Pinawa, Manitoba ROE 1L0
The results of research programs are incorporated in the safety assessment
of nuclear fuel waste disposal through the use of mathematical models. Two
types of models are involved: Research Interface Models (RIMs) and
Assessment Interface Models (AIMs) [ l j . RIMs represent experimental
observations and can be used directly to interpret and support experiments.
AIMs, based on experiments and on RIMs, are primarily used in the safety
assessment. To be practical, AIMs should be economical in terms of
computer resources required for their application. This is essential for
AIMs associated with probabilistic safety analyses, which often require
thousands of calculations to determine the v a r i a b i l i t y in the disposal
system.
In general, the procedure for producing an assessment involves the
development and validation of RIMs in order to analyse processes to be
considered in the assessment. The results of these analyses are then used
to develop AIMs, which produce results compatible with those of the RIMs
over the sets of conditions required for the assessment. The present paper
illustrates this procedure with RIMs and AIMs representing vault chemistry
processes.
The major processes to be considered are the f a i l u r e of the waste
containers, the release of radionuclides from used f u e l , and mass transport
and chemical interactions in the buffer.
THE FAILURE OF THE WASTE CONTAINERS
A container f a i l u r e function (an AIM) has been developed to describe the
rate of f a i l u r e of waste containers [ 2 ] . For titanium containers, i t gives
the fraction of containers f a i l i n g in the vault as a function of time. The
model is based on uniform corrosion rates of titanium alloys as a function
of temperature and on the spatial and temporal variations of temperature in
the vault (derived from a RIM [ 3 ] ) . This AIM is currently being updated.
Other container f a i l u r e mechanisms are studied experimentally and will be
included (through corrosion-rate enhancement factors) i f i t is demonstrated
that they are significant under the expected vault conditions. In
particular, the effect of immediate failures w i l l be incorporated.
For copper containers, the corrosion rate will be derived directly from
experiments. The uncertainty in the geochemical conditions in the vault
w i l l be taken into account by using a distribution of corrosion rates,
rather than a single value.

- 372 -

THE RELEASE OF RADIONUCLIDES FROM USED FUEL
The release of radionuclides from used fuel consists of a fast release of
f i s s i o n products from gap and grain boundaries, followed by a slow,
congruent release controlled by the dissolution of the U02 matrix.
For the s o l u b i l i t y - c o n t r o l l e d d i s s o l u t i o n , a simple mathematical formula
(an AIM) has been derived f o r the calculation of UUo s o l u b i l i t i e s as a
function of temperature, pH, oxidation p o t e n t i a l , and ligand concent r a t i o n s L 4 j . A similar AIM has been developed f o r U409 s o l u b i l i t i e s ,
taking experimental results on radiolysis into account. Both models are
well suited f o r s e n s i t i v i t y analysis.
The accuracy of these AIMs was.established through a comparison with f u l l
thennodynamic calculations (RIMs) [ 4 J . In a d d i t i o n , the oxidative
dissolution of U02 has been simulated using thennodynamic reaction path
models (other RIMs). The theoretical predictions of these RIMs were
compared with available results of electrochemical dissolution experiments L5J* The agreement between the predictions of the RIMs and UO,
dissolution experiments supports the use of thermodynamically derived
source terms in environmental and safety assessments of used-fuel disposal.
MASS TRANSPORT AND CHEMICAL INTERACTIONS IN THE BUFFER
The AIM f o r mass transport i n the buffer is represented by a set of onedimensional convection-diffusion equations for a decay chain [ 2 ] . The
effect of sorption i s characterized by a radionuclide-specific retardation
factor.
RIMs have been used to study the v a l i d i t y of t h i s AIM. In p a r t i c u l a r :
(1) The relationship between experimentally observed non-linear
sorption isotherms and equivalent d i s t r i b u t i o n coefficients has been
established £ 6 j . (2) The importance of p r e c i p i t a t i o n of solids containing
uranium and of other radionuclides i n the buffer i s being investigated L7J(3) RIMs are being developed to support the experimental program on the
i n t e r a c t i o n between the buffer and redox additives (proposed to mitigate
the effects of radiolysis on radionuclide release).
The above examples i l l u s t r a t e the general procedure f o r developing a model
based on laboratory research, to be used as part of an assessment of the
disposal system
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EFFECT OF JOINTS ON UPLIFT ABOVE
A NUCLEAR WASTE REPOSITORY
Barry W. Dial
Donald E. Maxwell
E. Gregory McNulty *
Mark Reeves **
Science Applications International Corporation,
2450 Washington Avenue, Suite 240
San Leandro, California 94577
* Office of Nuclear Waste Isolation
** INTERA Technologies, Inc.

A numerical study of the surface uplift above a nuclear waste repository in salt has been performed with the STEALTH [*] computer code
using the CAVS model for jointed rock. CAVS, an acronym for Cracking
And Void Strain, is a constitutive model that can simulate the slip and
dilatancy of fracture planes in a jointed rock mass. The initiation
and/or propagation of fractures can also be modeled when stress intensity criteria are met. The CAVS formulation is based on the models
proposed by Barton [^] with appropriate modifications for numerical
simulations. The STEALTH/CAVS model has been previously used to model:
1) explosive fracturing of a wellbore [•*], 2) earthquake effects on
tunnels in a generic nuclear waste repository [*], 3) horizontal
emplacement for a nuclear waste repository in jointed granite [ ], and
4) tunnel response in jointed rock [**]. The use of CAVS to model
repository uplift is different from previous approaches because it
represents a spatially oriented approach to rock response and rock
failure, rather than the traditional stress invariant formulation for
yielding t 7 ] . In addition, CAVS can track the response of the joint
apertures to the time dependent stress field in the repository region.
The time dependent joint apertures can then be used to predict the
changes from regional fluid flow in the repository vicinity.
The site stratigraphy and material properties for the calculation are
based on the proposed location of a nuclear waste repository in bedded
salt in the Permian Basin region of Texas [ ]. Figure 1 shows the 16
layer stratigraphy and the proposed repository location for the twodimensional axisymmetric computational model. The salt layers are
modeled as a continuum with an exponential-time creep model [^]. The
remaining rock layers are modeled with the CAVS constitutive model. The
initial joint orientations are assumed to be orthogonal (one set parallel to the bedding planes and the other two normal to the bedding
planes), with an initial joint spacing of 1 meter. Lacking in situ
joint data, the joints were assigned properties based on laboratory
data for joints in representative rock types. The repository design and
heat output are based on the Stearns-Rogers preconceptual design for a
high level waste repository in salt.
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The surface uplift profiles at 50, 100, and 2500 years are shown in
Figure 2. The results show that 2500 years is approximately the time of
peak surface uplift. The peak surface uplift of 2.2 meters is
approximately 80 percent greater than the uplift calculated with
equivalent elastic material models [']. This difference may be due to
slippage of the vertical joints at the outer edge of the repository.
This slippage limits the radial extent of the surface uplift to the
region directly above the repository, thereby enhancing the peak uplift
above the repository.
It is concluded that the use of a spatially oriented joint.model such
as CAVS can significantly alter estimates of both the magnitude and
extent of the surface uplift above a nuclear waste repository. These
results are significantly different from other analyses, and the sensitivity of surface uplift to joint spacings, orientations, and properties, as well as the implementation of Barton's joint models in CAVS
should be investigated further.
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MANAGEMENT OF COMBUSTIBLE RADIOACTIVE
WASTES IN ONTARIO HYDRO
L.S. Krochmalnek and R. Kohout
Ontario Hydro
700 University Avenue
Toronto, Ontario

Ontario Hydro has operated since 1977 an incineration system for low
level radioactive wastes, located at the Bruce Nuclear Power
Development (BNPD).
It was one of the first incinerators to be
licensed in North America for burning of nuclear power plant reactor
waste.
Radioactive waste incineration experience to date is
summarized in this paper.
Ontario Hydro's nuclear program currently generates about 6000 m 3
(before processing) of solid reactor waste per year and this
quantity is expected to increase to over 8500 nr/yr by 1992.
Approximately
65 percent
of
this
volume
is
classified
as
incinerable. The solid waste is segregated at the source (nuclear
stations)
into
incinerable,
compactable
and
non-processible
packages, and is transported to the centralized BNPD Radioactive
waste Operations Site for processing and storage. Incineration is
employed to minimize the stored waste volume, and to convert a
significant portion of the total solid waste into a chemically inert
form (ash).
The
BNPD
incineration
system
utilizes
a
controlled
air
batch-pyrolysis technique, in which the combustion air quantity is
starved in the primary chamber to about 30 to 50 percent of
stoichiometric. The pyrolysis effluent from the combustion chamber
is tnen fully oxidized in an afterburner. The dry off-gas clean-up
system consists of an off-gas cooling stage and a one-step
filtration stage in a baghouse; no polishing filtration is employed.
The original design of this prototype incineration system did not
meet the operational requirements in a number of areas. Numerous
modifications of the incinerator were necessary between 1977 and
1981 to stabilize the system performance. The major modifications
included introduction of dilution air into the flue gas, redesign of
the flue gas heat exchanger and replacement of most of the primary
chamber.
Upon the completion of these modifications the processing capacity
of about 2,600 m3/year was achieved. This capacity was sufficient
for the first half of the 1980's but currently the waste receipts
exceed the incinerator capacity and are expected to further
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increase. Capability improvement modifications were commenced in
1985 to increase the waste processing capacity. These included a
new baghouse, a new higher capacity flue gas exhaust fan, a
redesigned ash dump grate, a redesigned flue gas heat exchanger
(1984 in-service), and an on-line waste loading system (1986
implementation).
Although the BNPD incinerator is a working prototype which has
required
modifications
during
its operating
life,
it
has,
nevertheless, become one of the most productive incineration systems
in the nuclear industry. To the end of 1985, over 20,000 m 3 of
low level radioactive solid waste has been processed in over 55,000
operating hours. Waste with a contact dose rate of up to 60 mR/hr
is incinerated. Typically solid waste with a specific gross gamma
activity
of 0.5-2.0 mCi/m3
has been processed.
Incineration
produces a gross volume reduction of about 60:1 for the low level
solid waste. Incinerator ash, which has a specific activity ranging
from 2 to 200 mCi/m3, is stored in 2.5 m 3 sealed, rectangular
galvanized steel containers. contact fields on most of the ash
containers is between 10 and 20 mR/hr.
Radioactive emission
experience of the incinerator has been satisfactory with only about
2 micro-curies of gamma activity attached to particulates released
through the stack for each m 3 of waste burned.
The BNPD radioactive waste incinerator has provided effective volume
reduction of low level radioactive solid waste for the past
9 years.
The system has operated safely, and the radiological
impact has been minimal in terms of operator dose and stack
emissions.
Ontario Hydro's overall radioactive waste management
costs have been reduced by the operation of the radioactive waste
incinerator. Incineration is a key tool in the overall management
of radioactive waste by Ontario Hydro. In addition to processing
combustible solid waste, incineration is a convenient and very
effective means for disposal of radioactive organic liquid wastes,
such as waste oils and dry cleaning laundry sludges.
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DEMONSTRATION OF A CONTINUOUS
PYROHYDROLYSIS WASTE
VOLUME REDUCTION SYSTEM
C. D. Desjardins and L. P. Buckley
*

Research and Productivity Council
P. 0. Box 6000
Fredericton, N. B.
E3B 5H1
Atomic Energy of Canada
Research Company
Chalk River, Ontario

The rationale for developing pyrohydrolysis for the volume reduction of
combustible solid and liquid waste lies with a compatibility for
single-unit CANDU stations and it's economic advantage relative to
incineration processes. The pyrohydrolysis process concept was established in 1980, bench scale tested in batch and semi-continuous mode in
1980-82 and piloted in 1983-85 at the New Brunswick Research and
Productivity Council under contract to Atomic Energy of Canada Limited.
A preliminary dissertation on the process was presented at the 1st
International Conference on Radioactive Wastc?xManagement held in
Winnipeg in 1982{ ' and the process was patented1 '.
Pyrohydrolysis, in it's simplest terms, is the pyrolysis of organicbased waste between 500-700°C in the presence of superheated steam at a
pressure between 1.0 to 3.5 MPa. The process conditions are sufficiently stringent such that carbon/char reacts with steam to produce
carbon monoxide and hydrogen. The process is endothermic and thus
operates very safely with a minimum of process control. In general,
optimized performance results in complete breakdown of all organic
material leaving only residual inorganic ash material behind for
further processing (e.g. immobilization and storage).
More recent developments have consisted of the Phase I design and
construction of a pilot plant scale demonstration pyrohydrolysis system
with a 40 litre pressure vessel. Thp system incorporated the features
of a continuous screw feeder, screw discharge, and solid scrubber
system with a process monitoring and control system for automation.
The most recent completion of Phase II, the operation of the pyrohydrolysis system set-up in Phase I had the objectives of technically
evaluating the pyrohydrolysis demonstration unit, optimizing operating
conditions and testing of waste materia"! reduction. Waste materials
under study were to include organic coolant, reprocessing solvent,
combustible waste, IX resins and cutting fluids.
The pyrohydrolysis equipment lay-out is best illustrated through
Figure 1 where we have two pressure pumps for liquid/water injection, a
boiler and superheater entering the base of the 40 litre pressure
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vessel. The feed and discharge systems at the top and bottom of the
pressure vessel, respectively, operate continuously by virtue of a
rotating screw. The pressure vessel is heated with external heating
elements and insulated to minimize heat losses. Exits from the vessel
consist of a filter to prevent loss of particulate to the atmosphere
followed by externally heated off-gas lines. The line contains
pressure control valves, a continuous solid scrubber for the absorption
of chloride and sulphur, and a gas condenser. Gas exiting at this
point is primarily low molecular weight hydrocarbon and water vapor.
Non-decomposed organic waste collected in the condensate pot can be
recirculated back to the pyrohydrolyzer.
The start-up of the pyrohydrolysis process (Phase II) involved equilibration of the pressure vessel and ancillary equipment at process
operation conditions. Technical difficulties were experienced with
several parts of the system with exception to the boiler, superheater,
heating control system end feed systems (minor changes only). Most of
the difficulties were experienced with the ash discharge system such
that, a major re-design may be necessary to permit intermittent removal
of ash during continuous operation. Some blockage and fouling were
experienced in the filter system and off-gas lines primarily in
processing oils. The blockage is attributed to high processing rates
and subsequent incomplete decomposition of the oils. The scrubber
system has not as yet been fully evaluated.
In conclusion, waste volume reductions from 85-97% were achieved with
liquid waste and 8751= were obtained for solid waste. At present, the
system functions extremely well for combustible solid waste and
extended 10 day operating trials should easily verify volume reductions
of 98-99% as achieved in the two litre pressure vessel semi-continuous
trials. The application of this system for the treatment of liquid
waste may be unacceptable if large liquid volumes have to be processed
quickly. A high partial pressure of hydrogen in the pressure vessel,
similar to that obtained with combustible waste in external trials, and
modest liquid flows (e.g. < 10 cc/min) support integrated combustible
waste/liquid volume reduction. Therefore, the pyrohydrolysis system
may be an effective means to reduce both combustible waste and nonincinerable waste and further studies should evaluate a more integrated
approach.
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DESIGN CONSIDERATIONS FOR A HOT CELL OVERPACK WELDER FOR THE
WASTE ISOLATION PILOT PLANT
B. R. Nair and R. V. Richardson
Westinghouse Electric Corporation
Waste Technology Services Division
Madison, Pennsylvania 15663-0286, USA
J. A. Hull ally
Westinghouse Electric Corporation
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Waste Isolation Pilot Plant
Carlsbad, New Mexico 88220, USA
The functional requirements, design considerations, and the approach
that is proposed for the waste overpack design and the overpack
welding system for the Waste Isolation Pilot Plant (WIPP) are
discussed. Included are the results of a comparative evaluation of
alternative overpack body-to-head joint configurations, welding
processes, and welding equipment.
Remote Handled Transuranic (RH TRU) waste packages arriving at WIPP
that show signs of damage or surface contamination are placed 1n a
thin-walled carbon steel overpack and a head welded on to the overpack
body 1n the hot cell. The overpacked waste package is then handled 1n
the normal manner for emplacement In the underground facility.
The overpack welding system has to (a) utilize a complete remote
control welding process with the necessary degree of weld process
control sophistication to Insure that all positions, weld bead
geometry control and repeatability are within 0.13 millimeter
tolerance, (b) have the capability for remote removal of welding
equipment components for maintenance or replacement, and (c) provide
flexibility for recovery from off-normal operating conditions. The
need for overpacking RH TRU waste packages at WIPP 1s expected to be
very rare, and 1t Is estimated that up to 70 overpacks will be
required over a 25 year period.
The following design considerations were applied to the evaluation of
alternative overpack weld joint configurations and welder systems for
the WIPP application:
•

As only a limited number of overpacks will be welded, an
expensive and highly automated welding system is not
justified.

•

The infrequency of use of the welding equipment will probably
require requalification of the welder and operator each time
an overpack is welded. The system should be simple to allow
easy qualification.
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•

The welding system must provide for recovery from unexpected
component failures.

•

As the welding equipment 1s used infrequently, it Is
desirable that the space occupied by the equipment in the hot
cell be minimized to provide more room for other operations.

•

As the overpack has to maintain its Integrity only for the
retrieval period, the weld size requirement from a corrosion
standpoint 1s very small. Hence seal welds are recommended
in conjunction with a mechanical joint that carries the
loads.

•

As the overpack and waste package are handled In the vertical
position In the hot cell, welding is considered only with the
overpack vertical, to eliminate extra handling equipment.

•

The overpack body and head weld areas can be remachined and
reused.

The results of the evaluation are summarized in the paper. The
approach that was selected was to use an overpack body-to-head joint
design based on a breech-lock connection and a flat seal weld shown in
Figures 1 and 2, and a Tungsten-Inert Gas (TIG) welding system that
rotates around the overpack.
The major advantages of the selected approach are:
•

Only one weld pass Is required and can be performed In the
least amount of time.

a

Weld quality Is least susceptible to variations In material
and geometry.

•

Has the best capability for recovery from equipment failures,

t

Requires the least amount of permanent hot cell space.

•

Required weld inspection Is minimal since It Is only a
non-structural seal weld.

•

Easiest to qualify the welder system and operator.

The paper concludes with a description of the overpack assembly design
and the TIG welding equipment, and an estimate of the cost savings
expected from the recommended approach compared to the alternatives
that were considered.
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STUDIES ON TRITIATED WASTE MANAGEMENT SYSTEM
Kiroshi Amano*, Tadashi Okamoto**, Toru Utsunomiya**,
Toshio Moriya** and Takashi Shimbo**
•Institute of Plasma Physics, Nagoya University
Nagoya, Japan
**Mitsui Construction Co., Ltd.
It is thought that the quantity of tritiated wastes produced will
continue to increase in the future centered on research and development concerning deuterium-tritium (D-T) nuclear fusion power generation. Tritium is an isotope of hydrogen existing ubiquitously in the
environment in the form of water, A management system for tritiated
wastes taking into consideration such characteristics of tritium is
proposed in this report.
It is conceivable for various chemical forms and states of tritium to exist in a D-T nuclear fusion reactor. In the proposed system
the method for disposal of such wastes consists of separating only
tritium from the wastes and making it into tritiated water containing
THO which is an oxidized form. The tritiated water separated in this
way is sealed in a container on solidifying it with a matrix which
imparts immobility.
The scenerio for disposal was for shallow-ground type land disposal. As for the quantity of waste generated it was assumed to be
one thousand 200-liter drums annually at a commercial power plant of
one GWe class by the disposal method described above.
The components making up the repository considered were Waste
Package, Repository, and Environment, and the following were considered as functions that they should possess:
(1) Waste Package
Securing of immobility
Securing of spatial isolation
Securing of retardation effect
Protection against water from outside
Protection against mechanical external forces
Securing of engineering operability
(2) Repository
. Protection against human external forces (act of destruction such as by war, mining, excavation, etc.)
• Protection against natural external forces (earthquake,
volcanic activity, crustal movement, etc.)
. Retardation of groundwater movement
• Retardation of tritium migration
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. Securing of thermal diffusibility against heat generation
of the Waste Package due todecay heat
(3) Environment
.
,
,
.

Limitation of groundwater path
Reduction in concentration
Protection of Waste Package and Repository
Partial transpiration

In order to fulfill these functions, each component was dividedinto subcomponents. The subcomponents are as follows:
(.1) Waste Package
Waste form, container and/or coating, absorber material,
protector sleeve and/or coating
(2) Repository
Backfill, wall and/or lining, 1st artificial water barrier,
f i l l and vegetation

(3) Environment
1st dilution zone/2nd artificial water barrier, 2nd dilution
zone/3rd artificial water barrier, ground strata, exclusion area
The repository having such functions and components which is proposed by the authors is of spiral construction that.can be sequentially expanded from inside to outside as shown in Figure 1, with moreover, artificial water barriers provided in the ground surrounding the
structure as the environment. The following features are provided
with this construction: (1) expansion can be made regulating the storage capacity in accordance with the quantity of waste generated, (2)
a new wall exists at all times at the outermost periphery, and (3) the
migration path of groundwater can be controlled.
Further, with regard to Waste Form in the Waste Package which is
a very important component of this system, the authors are presently
conducting experiments toquantitatively grasp the degree to which
leaching can be suppressed by developing an appropriate method of
solidifying tritiated water using cement.
The authors consider that tritiated wastes can be disposed of
with adequate safety through the adoption of a management system such
as described in the foregoing.
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FIGURE 1: Conceptual Drawing of Proposed System
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PROPOSED DECOMMISSIONING STRATEGY
FOR THE CLUFF MINING TAILINGS MANAGEMENT AREA
T.M.R. Meadley*1) and W.A. Meneley*2*
(1) Amok Ltd., P.O. Box 9204, Saskatoon, Saskatchewan, CANADA, S7K 3X5
(2) W.A. Meneley Consultants Ltd.
Since early 1980, Amok Ltd., on behalf of Cluff Mining has been operating
uranium mining and milling facilities at Cluff lake in northwestern
Saskatchewan. In conjunction with these facilities the company operates a
tailings management facility which includes a tailings pond. To meet the
requirements of the various regulatory agencies, the company has
undertaken a number of studies designed to develop a decommissioning
strategy for this tailings pond.
MILL OPERATIONS
Phase I of the operations at Cluff Lake (May 1980 to February 1983) was
concerned with the mining and milling of the D-orebody. Some 90,309
tonnes of ore with an average grade of 4.7% U were processed through the
mill. During this time three different kinds of tailings were produced.
Gravimetric tailings, consisting of the reject from the gravimetric
separation process, were stockpiled for later processing. Leach tailings,
because of their high radium content, were stored in concrete vaults. The
remaining tailings, which were primarily liquid with a very low solids
content, were discharged to the tailings pond.
During Phase I Extension (February 1983 to July 84), 53,460 tonnes of the
gravimetric tailings produced during Phase I were processed through a
modified mill circuit. Average grade was 1.6% U. All tailings were
discharged to the tailing pond.
Phase II of the operations (August 1984 onward) has an anticipated life of
12 to 15 years and is expected to produce some 16,000 tonnes of uranium.
Mill feed uranium grade will be approximately 0.5%. During Phase II it is
proposed also that the leach tails produced during Phase I operations will
be reprocessed. All tailings will be deposited in the tailings pond.
TAILINGS POND CONSTRUCTION
The layout of the tailings management area at Cluff Lake is shown in
figure 1. The tellings pond was formed by the construction of a 900 m
long dam across a shallow valley due west of the mill. This dam includes
a soil-bentonite vertical barrier keyed into the underlying bedrock.
Two dams were constructed upstream of the tailings pond to intercept major
sources of surface runoff entering the tailings management area. Fresh
water collecting behind these dams has been pumped directly to Snake Lake.

- 392

-

In mid-1984, a divider dyke was constructed across the tailings pond. As e
result of the installation of this dyke, solid tailings are now being
retained in the east side of the tailings pond. Following completion of
the dyke construction, a primary treatment facility was placed into
operation. This facility utilises a barium chloride addition process to
reduce the radium content of the water pumped from the east side to the
west side of the tailings pond.
RESEARCH PROGRAM
The Ministeral Approval granted to the company by the Saskatchewan
Department of the Environment for the Fhase II operations included a
condition that required the company to undertake a research program
designed to "obtain information necessary to evaluate options and to
establish procedures that are acceptable to the department for close-out
of Phase II facilities, including tailings abandonment." A three year
contract was let to the Geotechnical Group, Department of Civil
Engineering, University of Saskatchewan to undertake the necessary
research. The thrust of the research program has been the development of
a computer based model which uses the calibrated hydrogeologic performance
of the tailings basin, together with the geochemical properties of the
tailings and natural materials along the predicted flow pathways to
estimate the probable rate of contaminant transport from the
decommissioned tailings area.
Extensive geotechnical investigations by Geocon Inc. together with
hydrogeologic investigations by W.A. Meneley Consultants Ltd. provided the
hydrogeological information for modelling. Systematic monitoring, carried
cut since 1977, has provided a factual basis for calibrating the seepage
model. Go7der Associates were retained to provide input information for
the contaminant transport model. Quarterly meetings, held with all of the
participants in the research study and provincial regulatory officials,
have provided interactive communication of interim findings.
RESULTS
As a result of the research program, the Geotechnical Group at the
University of Saskatchewan has been able to further develop its computer
modelling capability. Three inter-related programs: TRASEE (transient,
finite element seepage program), SGRIO (grid generation program for
TRASEE) and KCAL (a program for calculating unsaturated permeability) have
been developed or enhanced to model the behavior of uranium tailings in
northern Saskatchewan.
Using models of the Cluff Lake tailings management area generated by these
programs, and calibrated against field observations, it has been possible
to evaluate different approaches to the decommissioning of the facility.
In particular, several different deposition geometries have been
evaluated, the significance of various "caps" has been determined and the
value of barriers to water flow has been established.
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This work has resulted in not only the development of a conceptual
decommissioning plan for the tailings area at the end of operations, but
also has produced an operating strategy for the facility that will ensure
that the tailings area is properly prepared for the application of this
plan.
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DESIGN CONSIDERATIONS FOR STABILIZATION
OF INACTIVE URANIUM MILL TAILINGS PILES
Michael J. Bone
Roy F. Weston, Inc.
5301 Central Avenue, NE, Suite 1516
Albuquerque, NM 87108
INTRODUCTION
The U.S. Department of Energy (DOE) oversees the Uranium Mill Tailings Remedial
Action (UMTRA) Project. This involves remedial action work at 24 inactive
uranium mill tailings piles in 10 states.
The Uranium Mill Tailings Radiation Control Act of 1978, PL95-604, grants the
Secretary of Energy authority and responsibility to perform such acts as are
necessary to minimize health hazards and other environmental hazards from
inactive uranium mill sites.
Pursuant to the requirements of UMTRCA, EPA has promulgated health
environmental standards to govern cleanup, stabilization, and control
residual radioactive materials at inactive uranium mill tailings sites.
promulgated standards establish requirements for long-term stability
radiation protection and provide procedures for ensuring the protection
ground-water quality.

and
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In developing the standards, EPA determined "that the primary objective for
control of tailings should be isolation and stabilization to prevent their
misuse by man and dispersal by natural forces such as wind, rain and flood
waters" and that "a secondary objective should be to reduce radon emissions
from tailings piles."
The Standard is framed as a longevity requirement which recognizes the
difficulty in predicting very long-term performance with a very high degree of
confidence. In establishing the longevity requirement, EPA concluded that
existing knowledge permits the design of control systems that have a good
expectation of lasting at least 1000 years. Therefore, a design objective of
1000 years was established to be satisfied whenever reasonably achievable, but
in any case with a minimum performance period of 200 years.
DESIGN OBJECTIVES
The principal design objective of the UMTRA Project is to provide engineering
designs that ensure the long-term containment and stability requirements of
the EPA standards. In order to meet the EPA standards at each UMTRA Project
site, many different areas of engineering design are involved. This process
becomes quite complex when trying to account for all areas of concern in one
cohesive design. The following discussion introduces the many design
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consiaerations that are taken into account for various types of stabilization.
Tne three basic types of stabilization are as follows:
o
o
o

Stabilization in place (SIP).
Stabilization on site (SOS).
Relocation to an alternative site for stabilization.

These three stabilization options indicate the final location of the tailings
but not the final shape of the pile. The final design can vary from above
grade disposal to different degrees of below grade disposal.
Ultimately the goals of any design should be: to technically meet the EPA
standards of long-term performance; and, to perform the remedial action in the
most cost-effective manner. It is important to note that although the
approach concentrates on these two primary goals, there are times when socioeconomic or political issues may prevail and affect the remedial action.
Issues such as these are usually in conflict with the least-cost technically
acceptable alternative and therefore complicate an already difficult process.
It is important to fully explore and optimize the potential options in order
that innovative ideas are formulated and all issues identified. A proper
assessment of risks enables the decision-making process to resolve the issues
with solutions that minimize the risks.
DESIGN CONSIDERATIONS
There are four major technical areas of design that affect the various types
of stabilization adopted. These areas are mentioned as follows:
Ground-water Protection
The extent of ground-water protection required in a pile design is based on
the degree of chemical hazard in tne tailings and tailings pore water, the
expected travel times of the contaminated water from the pile to usable ground
water, and the value of the local water resource. The two potential sources
of contaminant migration are infiltration and percolation of precipitation and
snowmelt through the embankment, and ground-water rise beneath and into the
pile.
Surface-Water Hydrology
The type of stabilization used on UMTRA Project sites is greatly influenced by
the magnitude of hydrologic impacts. The level of effort expended for erosion
protection depends upon the site-specific conditions and the final pile location and configuration. Hydrologic impacts fall into three categories as
follows:
o
o
o

On-pile surface runoff.
Small upland watershed runoff.
Flooding associated witn nearby large streams.
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Erosion Protection
Erosion protection requirements are primarily determined on the basis of
surface-water hydrology conditions. Due consideration must be given not only
to the flooding impacts based on existing conditions, but also to the impacts
that geomorphic changes may have upon the present system.
Pile Location and Configuration
The final location and configuration of a tailings pile affects every other
oesiyn consideration and is influenced in return by any or all of the same
considerations. Each of the three types of stabilization can vary from above,
grade disposal to different degrees of below grade disposal.
To date, a final design for the Gunnison site has not been approved. The
technically feasible and preferred alternative was to stabilize the tailings
on the present designated processing site. This design involved relocating
all of the tailings into a stabilized pile above the existing ground-water
levels at the site. However, socioeconomic and political pressures have prevailed to encourage additional investigations at an alternative site.
The alternative site (approximately two road miles from the existing site) is
in a relatively flat lower terrace level at an approximate elevation of 7800
feet. The site is located in an area known as East Gold Basin that is on land
owned by the Federal Government and administered by the U.S. Bureau of Land
Management. The area consists of deep, well-drained soils on hillsides,
ridges, and benches with slopes varying from five to 45 percent. The native
vegetation is big sagebrush, Arizona fescue, native bluegrass, and wheatgrass. The average annual precipitation in the area is approximately 11
inches.
Due to the flatter and more open terrain, this site has greater flexibility in
configuration and type of cover system. Two basic configuration and cover
designs were evaluated at this site. The first is a partially below grade
disposal using a final erosion protection cover layer of exposed rock. The
areal extent of this pile design is minimized while the pile height above
grade is maximized. Typically this is the simplest and most cost effective
configuration and cover system; however, it was in conflict with socioeconomic
pressures concerning its visibility. A second configuration was then analyzed;
that involves a fully below grade disposal with very shallow cover slopes and
a final cover of soil or rock/soil matrix that is revegetated. Aspects of
this design are discussed to show how this configuration and cover system was
economically competitive with the other concept.
SUMMARY
Although many different design considerations can be standardized with general
guidelines, it is obvious from this discussion that the process is complex.
Many different design combinations can occur from the variety of considerations. The design process must be flexible to allow for innovative thought,
optimization of various potential alternatives, and proper assessment of risks
in order to arrive at a technically acceptable least-cost design.
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CONCEPTUAL DESIGN OF REMEDIAL ACTIONS AT THREE NAVAJO SITES
William C. Knight1 and Vicki Fry 1 and Richard Sena 2
Jacobs Engineering
5301 Central Avenue, N.E.
Suite 1700
Albuquerque, New Mexico 87108
U.S. Department of Energy

o

INTRODUCTION
The U.S. Department of Energy (DOE) directed the Technical Assistance
Contractor (TAC) to make a concentrated effort to prepare the conceptual
remedial action design for three former processing sites concurrently.
These sites, Tuba City, Mexican Hat, and Monument Valley are located on the
Navajo Indian Reservation in northeast Arizona and southeast Utah. To this
end, the TAC formed a dedicated project team with the intent of preparing
the conceptual design, and concurrently completing the environmental and
engineering documentation in a timely manner.
The authors prepared, or supervised the preparation of all the conceptual
designs and the required documentation. This afforded the authors an
excellent chance to compare and contrast the designs on an ongoing basis,
and thus allowed a system of checks and balances among the designs.
The intent of these three designs was to minimize the overall cost of
construction while meeting established criteria. To this end, minimizing
tailings handling and cover volumes while using existing features to the
maximum extent possible was the primary objective. Stabilization in place
offered the most economic stabilization design.
SITE CHARACTERISTICS
All three sites are in a desert climate with an average annual
precipitation of less than 7.5 inches and insignificant amounts of native
vegetation. These factors have had majors impacts on considering
alternatives to the traditional rock armoring.
The Monument Valley site is the only one of the three that could be
directly impacted by a maximum flood in a major upland watershed. The
designs for the other two sites did not have to consider major flood
impacts in adjacent channels. The Monument Valley design not only had to
encompass a major flood analysis, but a flood analysis that considered
potential geomorphic hazards of the flat and possibly meandering Cane Wash
channel.
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The tailings characteristics were also a major factor in the designs. At
Tuba City, major slimes deposits from the carbonate leach process
restricted the depths to which the existing piles could be excavated for
shaping. In contrast, the tailings concentrator process at Monument Valley
left waste piles that looked like coarse sand and had an insignificant
fraction of fines resulting in no slimes deposits.
The topography of the three sites varies significantly. Monument Valley is
on the edge of a very broad shallow sloping valley floor. The Tuba City
site is on the second terrace above the firmly entrenched Moenkopi Wash;
while the Mexican Hat lies on a heavily incised surface with all the local
arroyos eventually tributary to the San Juan River over 150 feet below the
site.

SITE DRAINAGE
Each of the sites has its own peculiar set of characteristics that control
the stabilization-in-place designs. These characteristics range from site
topography to foundation conditions to tailings characteristics.
The Tuba City site design is dictated largely by large deposits of slimes
in the three separate tailings ponds, the site topography, and a small
watershed above the proposed disposal site.
The Mexican Hat and Monument Valley designs were started simultaneously due
to the organization of the environmental and engineering documents. This
process was altered when a 120-foot deep, infilled arroyo was discovered
under the preferred disposal site at Monument Valley. The designs of both
piles included using the topography and/or natural drainage channels in the
conceptual design.
COVER SYSTEM
The cover systems of all stabilized piles have two basic functions. First,
the radon barrier must reduce radon exhalation to within the EPA criteria.
Second, the erosion barrier must maintain the integrity of the radon
barrier.
The materials required for these three sites had significant impacts on
project costs because none of the sites had suitable materials on or
adjacent to the former processing sites. Consequently, locating sources of
material and transporting the borrow materials became a large factor in the
conceptual design.
REGULATORY RESPONSE
The response by the NRC and the Indian tribes will be reviewed to the
extent possible. At this time, the review process has just begun and
therefore no response can be discussed.
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GEOTECHNICAL CONSIDERATIONS OF THE SALT LAKE CITY UMTRA PROJECT
1

?

R.E. Rager and M.W. Roshek
2

Sergent Hauskins and Beckwith, Geotechnical Engineer
4700 Lincoln Rd N.E., Albuquerque, NM 87059
Utah Department of Transportation, Salt Lake City, Utah

INTRODUCTION
The U.S. Department of Energy (DOE) oversees the Uranium Kill Tailings
Remedial Action (UMTRA) Program. This involves remedial action work
at 24 inactive uranium mill tailings piles in eight states. At the
Salt Lake City (Vitro) site, the final design and the remedial action
is performed by the State of Utah.
To date construction work has begun at Salt Lake City and two other of
the tailings piles. While the CanonsDurg site was the first at which
remedial action was undertaken, the Vitro site is the first to be reclaimed where substantial quantities of mill tailings are involved.
The conceptual design called for relocating the tailings, mill rubble
and other contaminated soils from the Vitro site in the urban Salt
Lake City area, 85 miles west to remote South Clive Site.
This paper briefly describes the layout of the remedial action at both
sites, details geotechnical problems encountered in implementing the
remedial action and presents solutions that will be used to facilitate
completion of the project within the second construction season.
Construction has provided valuable experience on handling mill tailings during remedial action.
VITRO SITE
The Vitro site consists of the former mill and ore storage area and
three former mill tailings ponds. The buildings have been -emoved,
but concrete foundations are left in place. The tailings pile consists of 1.9 million tons of sands, sand-slime mixture and slime t a i l ings resulting from the uranium recovery process. Deposition was in a
series of low ponds using perimeter discharge and upstream construction. Foundation soils consist of lacustrine and fluvial deposits
from ancient Lake Bonnevilie. Ground water is typically within a few
feet of the tailings, although pumping of a well during construction
at an adjacent plant has resulted in a suppressed water level under
portions of the s i t e .

- 401 -

SOUTH CLIVE SITE
The foundation soils at Clive consist of interlayered sand and clay
lacustrine deposits of ancient Lake Bonnevilie. Ground water at the
site is approximately 35 feet below the ground surface.
The disposal cell consists of partially below grade disposal with a
relatively impervious cover being obtained from the excavation. Rock
armor protects the pile from surface water erosion. Figure 1 is a
cross section showing key elements of the design. The construction sequence calls for building the pile in three sections. Currently most
of the tailings have been placed in the first cell.
CONSTRUCTION CONSIDERATIONS
The high moisture content of the foundation soils made subgrade compaction difficult. Although the depth to water is about 35 feet at
Clive, the capillary tension of the foundation soils caused water to
rise to the excavation surface during compaction of the subgrade using
heavy construction equipment. Design constraints dictated that a uniform recompacted subgrade layer be maintained. The contractor ultimately was able to obtain the required compaction, however, the use of
light weight equipment would greatly facilitate the compaction
process.
Excessive moisture content of the tailings and contaminated materials
caused difficulties in handling and placement at Clive. An early concern in the remedial action was the need to dry the slime tailings in
order to achieve suitable compaction moisture. Tests of the in-situ
material indicated moisture contents as high as 54 percent. While the
overall distribution of sand to slime ratio at Vitro is 60 to 40 percent, restrictions in the construction sequence prevented complete mixing of the tailings during excavation and transport. Failed attempts
to compact the wet tailings resulted in discing and air drying at
Clive prior to compaction. The demands of an accelerated construction
schedule along with handling difficulties require that moisture conditioning be performed at Vitro for the current construction season.
This will require installation of dewatering sumps to lower the groundwater table and break capillary tensions. Only then will discing and
air drying at Vitro be successful.
As mentioned, construction constraints prevented complete mixing of
the excavated tailings, however settlement concerns dictate a uniform
fill mixture. An early design concern, economic considerations prevented specifying a mixing process. The first construction season
proved that concerns for blending were unfounded. Tests performed on
the materials placed indicate that an average slimes content of 49 percent within the fill. This is acceptable for settlement concerns.
Drying of the tailings at Vitro will further promote mixing of materials during handling and transportation.
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ALTERNATIVE SITE COVER DESIGN COMPARISONS
FOR THE 6UNNIS0N UMTRA PROJECT
M. J. Bone
Jacobs Engineering Group Inc.
5301 Central Avenue, NE, Suite 1700
Albuquerque, NM 87108
INTRODUCTION
The U.S. Department of Energy (DOE) oversees the Uranium Mill Tailings
Remedial Action (UKTRA) Project. This involves remedial action work at
24 inactive uranium mill tailings piles in 10 states.
•
The Uranium Mill Tailings Radiation Control Act of 1978, PL95-604, grants
the Secretary of Energy authority and responsibility to perform such acts
as are necessary to minimize health hazards and other environmental
hazards from Inactive uranium mill sites.
Pursuant to the requirements of UMTRCA, EPA has promulgated health and
environmental standards to govern cleanup, stabilization, and control of
residual radioactive materials at inactive uranium mill tailings sites.
The promulgated standards establish requirements for long-term stability
and radiation protection and provide procedures for ensuring the
protection of ground-water quality.
In developing the standards, EPA determined "that the primary objective
for control of tailings should be Isolation and stabilization to prevent
their misuse by man and dispersal by natural forces such as wind, rain
and flood waters" and that "a secondary objective should be to reduce
radon emissions from tailings piles."
The Standard is framed as a longevity requirement which recognizes the
difficulty in predicting very long-term performance with a very high
degree of confidence. In establishing the longevity requirement, EPA
concluded that existing knowledge permits the design of control systems
that have a good expectation of lasting at least 1000 years. Therefore,
a design objective of 1000 years was established to be satisfied whenever
reasonably achievable, but In any case with a minimum performance period
of 200 years.
OBJECTIVE
Ultimately, the primary goals during any design should be: first, to
technically meet the EPA standards of long-term performance; and, second,
to perform the remedial action In the most cost-effective manner.
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To date, a final design for the Gunnison site has not been approved. The
technically feasible and preferred alternative was to stabilize the tailings
on the present designated processing site. This design Involved relocating
all of the tailings into a stabilized pile above the existing' ground-water
levels at the site. However, socioeconomic and political pressures have
prevailed to encourage additional investigations of alternative sites and
designs. The alternative sites being evaluated are two and four miles from
the processing site within an area known as East Gold Basin. Typically, the
simplest and most cost-effective cover system has as its top a layer of rock
for erosion protection. Aesthetic visibility has, however, become an
important consideration and revegetated soil covers are being evaluated as
potential designs. This paper discusses the various cover designs and
provides an economic and technical comparison between them.
Existing Gunnison Site
The Gunnison uranium mill tailings site is just south of the city limits of
Gunnison, Gunnison County, in west-central Colorado. The entire site covers
61 acres and Includes one almost rectangular tailings pile covering about 35
acres to an average depth of nine feet and containing about 540,000 tons of
tailings. The mill site and ore storage areas are on the south side of the
site and cover about 20 acres.
The pile has been covered with a layer of material excavated from an adjacent
gravel pit, and contoured. Vegetation has been well established so that
surface water and wind erosion are minor problems. The tailings pile and
surrounding windblown contaminated materials consist of approximately 812,000
cubic yards.
East Gold Basin
This area is on land owned by the Federal Government and administered by the
U.S. Bureau of Land Management. The area consists of deep, well-drained soils
on hillsides, ridges, and benches with slopes varying from five to 45
percent. The native vegetation is big sagebrush, Arizona fescue, native
bluegrass, and wheatgrass. The average annual precipitation in the area 1s
approximately 11 inches.
Within the area known as East Gold Basin there are two alternative sites being
evaluated. The furthest and highest alternative site (approximately four road
miles from the existing site) Is at the head end of a drainage hollow at an
approximate elevation of 8200 feet. This higher site is such that only one
basic configuration with an exposed rock cover would be economically
suitable. This site 1s, however, not visible from the town or the nearest
residences.
The closer alternative site (approximately two road miles from the existing
site) is in a relatively flat lower terrace level at an approximate elevation
of 7800 feet. Due to the flatter and more open terrain, this site has greater
flexibility in configuration and type of cover system.
Two basic
configuration and cover designs were evaluated at this site. The first is a
partially below grade disposal using a final erosion protection cover layer of
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exposed rock. Initially this was felt to be the most economical design;
however, It was In conflict with socioeconomic pressures concerning Its
visibility. A second configuration was then analyzed; that Involves a fully
below grade disposal with very shallow cover slopes and a final cover of soil
or rock/soil matrix that Is revegetated. Aspects of this design are discussed
to show how this configuration and cover system can be economically
competitive with the other concepts.
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COST-BENEFIT ANALYSIS OF CLOSE-OUT
OPTIONS FOR A URANIUM MILL TAILINGS AREA
M. John Roberts, Alex Buchnea
MacLaren Plansearch Inc.
33 Yonge Street
Toronto, Ontario
Michael P. Filion
Eldorado Resources Ltd.
A study was conducted to evaluate alternative methods of close-out for a
uranium mill tailings area in a remote location.
Two close-out
alternatives were evaluated for the tailings area, in situ
decommissioning and relocation into a specially-designed disposal system
in a worked-out open pit.
The study was guided by the general principle that emissions from the
decommissioned tailings area should be " « jow £s reasonably achievable,
social and economic factors being taken into account" (ALARA). Other
philosophies which helped to guide the study were the IAEA methodology of
applying cost-benefit analysis.
The in situ decommissioning alternative entailed the reclamation of the
tailings in place, with no provision for their relocation.
Three
reclamation concepts were evaluated:
Minimum reclamation
- a base case
Surface reshaping, concave
- minimum surface reshaping
Surface reshaping, convex
- maximum surface reshaping
Several cover options were also considered for both the concave and
convex concepts:
no cover, a till cover with vegetation, a
soil-bentonite infiltration barrier with vegetation, and a rock rip-rap
erosion barrier with an infiltration barrier.
A subsequent more detailed study into cost-benefit of using a concave
versus a convex cover design was also carried out.
The cost of in situ decommissioning varied from $375,000 for the minimum
reclamation scenario to $20,580,000 for the convex erosion and
infiltration barrier scenarios.
A computerized component model, CHINTEX, was utilized to calculate the
environmental impacts from the various alternatives.
This model
describes the release and transport of contaminants from the disposal
area by various pathways, the environmental concentration of the contaminant, it's uptake by plants, animals and humans and the subsequent dose.
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The collective dose over 1000 years varied from 9.9 man-Sv for the
minimum reclamation scenario and the shaped surface, no cover alternative
to 4.3 man-Sv for each cover scenario. The public exposure from the
minimum reclamation scenario represents between 2 and 6% of the dose due
to natural background radiation in North America.
The cost per unit of collective dose reduction was $369,643 for the
shaped surface, covered alternatives. This compares to a dose reduction
cost criterion of $10,000 per man-Sv. Although considerably greater cost
per unit of dose reduction is incurred by the use of more sophisticated
cover options, no public exposure reductions were realized (Table 1).
The in-pit disposal option entailed the relocation of all the tailings
deposited in the tailings area to an exhausted open pit. In addition to
the tailings, site materials contaminated by leachate from the tailings
would also have to be relocated. This included contaminated materials in
the containment dams, the native materials underlying the tailings area
and similar materials at the precipitation ponds. The total amount of
material that would require relocation was approximately 7.3 x 10 m .
Four excavation and transportation scenarios were considered for the
in-pit disposal alternative:
1.
2.
3.
4.

Mechanical excavation, truck haulage;
Mechanical excavation, conveyor transport;
Mechanical excavation, slurry transport; and
Hydraulic excavation (dredging), slurry transport.

The cost of the various in-pit disposal scenarios were estimated to be
from $64,190,000 for hydraulic excavation, slurry transport to
$97,700,000 for mechanical excavation, slurry transport. In all four
in-pit disposal options it was assumed that the tailings area would be
restored and revegetated, and that equipment used in the decommissioning
operation would be salvaged or disposed of in an appropriate manner.
Analyses using CHINTEX, together with previous studies on the proposed
in-pit disposal system, indicated that the release of radionuciides from
the system would be very low. Accordingly, it was assumed that the
collective dose over 1000 years would be reduced to zero following the
closing, out of the in-pit disposal system. The incremental cost per unit
of public dose reduction was $10,141,860 per man-Sv for all the in-pit
disposal scenarios. These values were much higher than the $10,000 per
man-Sv dose reduction cost criterion.
Based on the cost-benefit analysis, in situ decommissioning of the
tailings area was selected as the optimum alternative.

- 408

-

The subsequent study on the choice of concave versus convex surface
design focussed on those aspects of the design which could result in
different impacts. It was determined that there would likely be no
distinguishable difference in the public dose between the two designs;
however, the cost of the convex design would be $1,392,000 greater than
that of the concave design. Using the ALARA principle, the concave
surface shape would be chosen (Table 2 ) .

TABU. 1 COMPARISON OP DECOMMISSIONING ALTERNATIVES

ERCOMMSSKMING SGBMRIO

COST OF
PROTECTION
(1963 $)

COMPARISON
1A MINIMI*. «CUWATION

COLLECTIVE INCREMENTAL
PUBLIC
COST
DOSE
(1963 $)
(Mn-Sv)

$375,000

9.9

$3,010,000

9.9

$4,120,000

9.9

$6,190,000

4.3

$7,660,000

4.3

$13,000,000

4.3

S14.1SO.000

4.3

$19,940,000

4.3

$2O,SBO,00O

4.3

964.190.000

0.0

$78,750,000

0.0

$64,970,000

0.0

$97,700,000

0.0

PUBLIC
DOSE
REDUCTION
(MUI-SV)

COST/UNIT
DOSE
REDUCTION
<$/man-Sv)

INSITU RECLAMATION
1A to 1B1
1B1 SHAPED SURFACE. NO COVER
CONCAVE
»1 to 1C1
1C1 SNAPED SURFACE, HD COVER
CONVEX
1C1 to 1B2
1B2 SHAPED SURFACE. TILL/VBQ COVER
CONCAVE
1B2 to 1C2
1C2 SRAPB SURFACE. TILL/VBO COVER
CONVEX
ICt to IBS
IBS SHAPED SURFACE. BAMRIER/VEO COVER
CONCAVE
1B3 to 1C3
1C3 SHAPED SURFACE. BARRIBR/VEO COVER
CONVEX
1C3 to 1B4
1B4 SHAPED SURFACE. BROSICWVBO COVER
CONCAVE
1B4 to 1C4
1C4 SHAPED SURFACE. EROSION/VEO COVER
CONVEX

$2,635,000

0.0

indeterminate

$1.110,000

0.0

Indeterminate

$2,070,000

5.6

S3M.643

O

$1,470,000

0.0

Indeterminate

$5,340,000

0.0

lndeterain&te

$1,120,000

0.0

indeterminate

$5,620,000

0.0

indeterminate

9840.000

0.0

indetenilnate

$43,610,000

4.3

$14,500,000

0.0

Indeterminate

$6,220,000

0.0

indeterminate

$12,730,000

0.0

Indeterminate

IN PIT RECLAMATION
1B4 to 2A
2D HVDRAU. EXCAV.. SLURRV TRANSPORT
20 to 2B
28 MECH. EXCAV.. CONVEYOR
2B to 2A
2A NECH. EXCAV.. TRUCK HAULAGE
2A to 2C
2C MECH. EXCAV.. SLURRY TRANSPORT

4k

$10,141,860

T A B U 2 COMPARISON OP SURFACE SHAPE ALTERNATIVES

KcomissimiNG SCENARIO

COST or
PROTECTION
(1963 $)
C0NPARI9GN

A

NINIMM HECLNHTIOH

COLLECTIVE
PUBLIC
DOSE
(MH-SV)

$373,000

CONCAVE SURFACE SHAPE

C

CONVEX SUIPACE SNAPS

PUBLIC
DOSE
REDUCTION

COST/UNIT
DOSE
REDUCTION

(MUI-SV)

<$/Mn-Sv)

9.90

A to B
B

INCREMENTAL
COST
(1989 $)

$3,424,000

3.27

$4,«16,000

3.27

B to C

$3,049,000

6.63

$1,392,000

0.00

$459,879

Indeterminate
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AN ANALYSIS OF THE NEED FOR LOW-LEVEL RADIOACTIVE
WASTE DISPOSAL IN CANADA AND THE ALTERNATIVES
FOR ESTABLISHING DISPOSAL FACILITIES
D.J. Cameron, B.J. Franklin, R.W. Pollock & R.L. Zelmer
Atomic Energy of Canada Limited, Research Company
Lou-Level Radioactive Waste Management Office
275 Slater Street
Ottawa, Ontario K1A 1E5

Canada has no licensed radioactive waste disposal sites.
The Low-Level
Radioactive Waste Management Office of Atomic Energy of Canada Ltd. has
completed an analysis of the need for low-level radioactive waste disposal in
Canada and the options for establishing the necessary disposal capability.
For the purpose of this analysis, low-level radioactive wastes are all
radioactive wastes existing and currently produced in Canada, but excluding
the irradiated fuel from nuclear reactors and uranium mine and mill wastes.
There are two components of the problem.
The first is the disposal of
hundreds of thousands of cubic metres of accumulated wastes. These primarily
result from uranium and, formerly, radium refining, but include the smaller,
but still substantial, volumes of stored wastes from nuclear power plants,
nuclear research and the use of radioisotopes. The second is the disposal of
approximately 10,000 cubic metres/annum of continuing waste production.
A
volume which Is not expected to grow substantially during the next 30 years.
Eldorado Resources Ltd. is the owner of the bulk of the refinery wastes and
have proposed a separate disposal project for these materials.
Therefore,
these have not been included in the overall analysis of strategy. However,
the federal government has accepted direct responsibility for accumulations of
wastes in Scarborough, Ont., Surrey, B.C. and Port Hope, Ont.
Waste accumulations and
continuing
production
have
been
estimated.
Approximately 9-8} of stored wastes and 90% of current waste production is in
Central Ontario. Because of this concentration of sources and the economies
of scale, one centralized disposal facility in this region would represent the
optimum option from an economic viewpoint.
A non-site-specific conceptual
design study has shown that the disposal costs for future waste arisings would
be approximately $5^0 per cubic metre for shallow land burial and $660 per
cubic metre for intermediate depth rock caverns located in this region. The
unit disposal costs are very sensitive to the throughput of waste.
Alternatives to the greenfield disposal facility in Central Ontario have been
analysed.
Disposal in regional facilities, at a semi-arid Western Canadian
site or in remote regions of Northern Ontario would be expensive. Disposal at
a site with complementary activities, such as a nuclear research centre, a
nuclear generating station or an operating uranium mine would result in cost
savings and would ameliorate the effect of scale considerably.
To complement these economic analyses, a study of organizational alternatives
for the establishment and operation of a waste disposal system, analyses of
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ca3e histories of siting other hazardous and radioactive waste disposal
facilities In North America and a social research project have also been
completed.
The social research demonstrates that the Ontario public perceives remoteness
aa being the dominant criterion for establishing disposal facilities, with
over 50% of the population believing that they should be more than 100 miles
from people.
This view wa3 not significantly influenced by the prospect of
there being employment opportunities and other economic benefits associated
with disposal.
There was also a willingness to compromise on the technical
criteria for a disposal site in the interest of remoteness.
The cost of
disposal was Judged to be not important by most people. It was also clear
that smaller communities with an involvement in the nuclear industry, and,
therefore, a denonstrably higher level of awareness of the issue, showed less
opposition to the siting of a disposal facility.
This ia consistent with
experience in Sweden and the United States.
The public also wants a high degree of fairness and participation in the site
selection process. However, because of the small volumes of waste production,
the disposal costs are very sensitive to the amount invested to establish the
facility.
In the base-case analysis the calculated disposal costs assume an
expenditure of approximately $3 million for site selection, investigation and
licensing.
If this rises to $20 million, the disposal costs for the two
options considered rise to $780 per cubic metre and $930 per cubic metre
respectively.
Not only that, but experience in siting a hazardous chemical
waste disposal facility in Southern Ontario, which has used a costly process
with a high level of public participation, suggests that this has done little
to minimize local opposition in those communities actually shortlisted for
consideration.
Two other factors exert a dominant effect on choice of strategy. Ontario
Hydro is expected to produce about H2% of future wastes and government policy
allows waste producers to choose their own waste management approach.
Therefore, facility design and siting
strategy
could
be
influenced
significantly by the position taken by this potential major custoner.
Similarly, a potential requirement to include large volumes of uranium and
radium contaminated wastes, such as those in Port Hope, would also influence
design and siting.
The results of all of these studies have been synthesized in a report to the
Canadian Government to allow the development of policy for the establishment
of disposal facilities. The paper at this conference presents this synthesis
in condensed form.

- 413 PROPOSED MANAGEMENT PROCEDURE FOR LOW-LEVEL RADIOACTIVE WASTES
PRODUCED BY NATIONAL RESEARCH COUNCIL (CNR) LABORATORIES
WITH RESPECT TO ITALIAN REGULATION

L. Petrella
A. Russo(*)
Radioactive wastes are currently produced in many research activities of
physics, chemistry, biochemistry, biology and so on.
Even if, from a technological point of view, such wastes do not pose so many
management problems as those of nuclear power plants owing to their relatively
small amounts and low activity levels, however the management and the disposal
of these wastes give rise to some important radiation protection problems.
Furthermore in Italy, at the moment, a subsurface place for disposal of
nuclear low-level wastes is not available, unlike the other European Countries.
The authors have reviewed the data concerning radioactive wastes produced by
C.N.R. laboratories, and suggest a feasible and adequate procedure for such
wastes management, taking into account the correct procedures, in relation to
radioprotection implication and in according to Italian current regulation.
The proposed procedure takes into account the different origins of waste
products, their amounts and their geographic production place owing to the
reason that C.N.R. laboratories are spread in whole national territory.

(*>

National Research Council - Department of Occupational Safety and
Health Protection
Via Serchio 8 - 00198 ROMA (Italy) Telephone (06) 844-9718 and
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ONTARIO HYDRO'S OPTIONS FOR LONG TERM MANAGEMENT
OF RADIOACTIVE WASTES
P.K.M. Rao
Ontario Hydro
Toronto, Ontario

INTRODUCTION
Besides irradiated fuel kept in pool storage at the nuclear generating
stations pending reprocessing/disposal, Ontario Hydro's radioactive waste
arisings consist of low and intermediate level reactor wastes from
operation, maintenance and rehabilitation of nuclear generating
stations. Ontario Hydro has a program for carrying out research and
development, assessment of future options and acquisition of systems
where required for long term management of these radioactive wastes.
This paper discusses Ontario Hydro's options and programs planned for the
long term management of these wastes.

OPTIONS
The purpose of long term management is successful isolation of these
wastes from the biosphere over their hazardous lifetimes which can be
achieved by either: providing for caretaking of the wastes over the
entire required period (storage); or isolating them from the biosphere
with engineered and geological barriers such that little caretaking is
required (disposal).
There are three major options for Ontario Hydro in meeting the above
requirements. These are:
Continued storage in the near term and later disposal for wastes that
outlive storage timeframes.
Disposal of all wastes in lieu of continued storage in a go-it-alone
facility (i.e. a dedicated facility for Ontario Hydro use).
*

Co-disposal of wastes in a national system if developed in Canada for
disposal of low level radioactive wastes from various sources,
including those of Ontario Hydro.

Continued Storage
Currently, Ontario Hydro has only one licensed site at the Bruce Nuclear
Power Development (BNPD); the site is licensable for storage as long as
Ontario Hydro owns and manages it. With long-term site management in
place, Ontario Hydro could continue with storage and defer disposal to a
later date. Roughly, storage of up to two to three centuries could
remove bulk of the wastes (most LLW) from need for further management;
intermediate level wastes (and a minor segment of low level wastes) would
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remain sufficiently radioactive for several hundred to several thousand
years, because of larger inventories of long lived nuclides and would
require eventual disposal.

Disposal (Go-It-Alone)
On the other hand, with a wider site selection process, Ontario Hydro
could acquire a disposal quality site and be able to dispose all wastes
at an early date and minimize the caretaking burden. There are
internationally accepted technical approaches (such as shallow land
burial, rock caverns and deep geologic disposal) available for disposal
of these wastes. These concepts have been developed and assessed by
Ontario Hydro for potential application for a go-it-alone disposal
approach.

Co-Disposal
Co-disposal of Ontario Hydro's low and intermediate level wastes with
other radioactive wasi.es generated by the nuclear industry is an
alternative that may have economic and other advantages because of the
larger scale of operations possible and pooling of required resources at
a national level. Studies in this are carried out by the Federal Low
Level Radioactive Haste Management Office (LLRWMO).

DISCUSSION OF OPTIONS
Among the options discussed earlier, the option of continued storage
deemphasizes the need for evaluation and acquisition of a disposal site
and public involvement in this issue. Ontario Hydro could technically
defer disposal as long as it can maintain a sufficient storage and
caretaking system. Resource requirements for this approach could be
higher but not unbearable. Some enhancement of existing facilities would
be useful in reducing caretaking and remedial work in the storage
period. This approach of continued storage (and deferred disposal) is
viable, but is subject to larger long term resource requirements,
corporate caretaking continuity requirement at Bruce site and delegation
of some responsibility to future generations in caretaking and providing
for further storage/disposal over the waste life cycle.
The second approach, namely disposal, has short term pains but long term
gains. Unlike the first approach which will be in place by default, this
approach will take some initial resource commitment and a well-thought-of
plan to take it through. The necessary Corporate systems for carrying
out this approach are available. Extensive public consultations may be
required in the site selection process to overcome the NIMBY (not in my
backyard) syndrome; but with successful completion, the approach could
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provide Ontario Hydro an opportunity for an early discharge of its
ultimate responsibility on radioactive wastes. The cost differential
between the two options is not very large and is in favour of early
disposal according to our studies. There are no unsurmountable
technological constraints in going for disposal/ although some research
and development with regard to long-lived nuclides may be necessary for
adequately packaging these wastes.
Lastly, the co-disposal alternative is being studied by the Low Level
Waste Management Office, and Ontario Hydro is contributing to this
study. The points made earlier with regard to disposal (go-it-alone)
generally apply to co-disposal as well, and some further synergistic
advantages can be reaped by a co-disposal approach.

INTERIM CONCLUSIONS/PROVISION*
Ontario Hydro considers at this tiros that the need for the disposal
option on go-it-alone basis is not pressing in view of several reasons:
Ability to enhance current storage site at BNPD for extended use,
possibly to cover off most long-term requirements for low level
wastes with enhanced systems.
Ability to proviue continued caretaking at the BNPD site. Ontario
Hydro has made a large nuclear commitment at this site and as a
result, has necessary systems in place for this purpose.
The Canada/Ontario Nuclear Fuel Haste Management Program (NFWMP) is
already providing a disposal technology for segments of the waste
that would require isolation for several thousand years. Such wastes
could continue to be stored on an interim basis at BNPD, until these
advanced disposal systems are available.
To ensure that the unavailability of a disposal facility does not become
a constraint to radioactive materials management, Ontario Hydro has
embarked on the following:
A program to continue, upgrade and extend the BNPD Haste Operations
Site to provide extended, monitorable storage consistent with the
Corporate strategy of minimizing commitment of future human and
materiel resources without compromising a high level of safety.
Research and development programs on the ultimate disposal of
long-lived wastes, which primarily include intermediate level wastes
consisting of large quantities of carbon-14.
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A program of consultation and cooperation with the Federal LLRWMO and
the NFWMP in review of disposal options at a national level;
successful implementation of a national disposal facility would be of
interest to Ontario Hydro in meeting its low and intermediate level
waste disposal objectives, especially for the segment of waste that
cannot be left in storage for the long term because of enduring
radioactive character.

