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Abstract

This paper sets out the background issues which lead to the
development of interim close-out criteria for uranium mill tailings.
I t places the current state-of-the-art for tailings management into
both a national and international perspective and shows why such
interim criteria are needed now. There are seven specific criteria
proposed dealing with the need to have: passive barriers, limits
on surface water recharge, durable systems, long term performance
guarantees, limits to access, controls on water and airborne releases
and finally to have a knowledge of exposure pathways. This paper
is intended to serve as a focus for subsequent discussions with
all concerned parties.

Resume

Le present rapport sert de toile de fond a la formulation des
criteres pour le stockage provisoire des residus de broyage de 1'uranium.
II met la situation actuelle de la gestion des residus dans une
perspective nationale et internationale et montre pourquoi de tels
criteres sont necessaires maintenant. Sept criteres sont proposes,
portant sur le besoin de barrieres passives, de limites de recharge
des eaux en surface, de systemes durables, de garanties de bon
rendement a long terme, de limites d'acces, de controle des rejets
dans l'eau et dans l'air et, enfin, de donnees sur les divers chemins
que peut prendre le rayonnement pour s'echapper du site de stockage.
Le rapport se veut un point de depart pour les discussions subsequentes
avec toutes les parties interessees.
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During the last several years
considerable discussion has taken
place on the long term aspects of
uranium tailings management. These
discussions have centered around a
variety of topics which in turn lead
to a variety of opinions. In order to
come to grips with the various differ-
ences of opinion and points of view,
the Atomic Energy Control Board has
decided to prepare, as an interim
measure, a list of proposed close-out
criteria for uranium tailings manage-
ment facilities. It is important to
keep in mind that the criteria set
out in this paper are proposals and
are intended to initiate a continuing
dialogue between the uranium mining
industry and the various regulatory
and government agencies. It is
envisaged that, this dialogue would
continue for a period of from six to
twelve months after which some final
form of these criteria would be
issued and applied to the active
uranium mining facilities.

In attempting to understand the
reasons why the Atomic Energy Control
Board has decided to propose these
criteria now instead of at some future
point in time, it is necessary to look
at a number of existing facts. One
of the most important of these is
that something in excess of one
hundred million tonnes of tailings

currently are placed in various
tailings management facilities.
Furthermore, the rate at which tailings
are being deposited into such management
facilities is on the increase and this
increase is expected to continue over
the next five to ten years. The
management of these tailings is current-
ly covered under the Mine Facility
Operating Licences issued by the AECB.
Implied within these licences and
supporting documents leading to them,
are requirements for the conceptual
approach to be used at abandonment.
There is however, no current require-
ment for a detailed study on the
engineering or financial aspects of
such abandonment procedures. This is
a gap which the Board feels must be
addressed.

There are, at this time, various
initiatives underway both in Canada
and within the international community
which a'-e attempting to address the
problems and concerns of the very long
term management of tailings. For
example, current research in Canada
which is composed of two components,
one by the AECB dealing with purely
regulatory aspects and a second major
coordinated program under the direction
of the Department of Energy, Mines and
Resources and in particular by CANMET
is going to deal with the technical
problems. On the international scene



the Nuclear Energy Agency (NEA) has
several expert groups whose purpose is
to provide an understanding of the
methodology required to undertake
comparative evaluations of various
uranium tailings management techniques.
In addition, there is considerable
international exchange of research and
development results which could be of
direct benefit to Canada at some point
in the future. It must be understood
however, that the programs outlined
both within Canada and abroad have tine
scales for their work which lead us to
believe that a minimum period of ten
years will probably be needed to address
the true long term aspects of uranium
tailings management. This then gives
rise to an interim period, starting now
and extending for approximately ten
years which is left in abeyance. The
Atomic Energy Control Board in recog-
nizing that uranium production will
continue over that period, feels that
it is appropriate to undertake an
evaluation of close-out criteria to
address this interim period. In so
doing, we feel we will be able to
provide some direction to the ongoing
research programs such as the CANMET
program already mentioned, and to more
closely define the engineering and cost
implications of potential close-out
technology. This in turn will allow
the evaluation of various forms of
economic performance guarantees which
are felt to be required.

The problems of tailings manage-
ment can be roughly divided into three
time periods. These will be discussed
in greater detail later in the paper
but can be described as the operational
phase, the transition phase, and a
long term phase. The proposed criteria
are directed specifically at the
transition phase and the very beginning
of the long term phase. The Board
regards these close-out criteria as
representing minimum acceptable object-
ives. They are based on what is
perceived to be achievable targets
using technology which is currently
available to the industry. Since they
are interim measures, these criteria
should not be regarded as the final

answer to the problems of long term
management of uranium tailings. In
particular, it is recognized that once
the result of the Canadian research
programs and the various international
advisory groups are available the
standards may have to be revised. The
particular benefit to bt gained by
proposing criteria now however, is
that it will provide companies and the
regulatory agencies with a known set
of targets and objectives. The
companies in particular will be able
to undertake engineering studies with
known terms of reference. Furthermore,
this 10 year period in which little or
no change to the criteria would be
expected provides the industry with a
stable base for their efforts. This
is in distinct contrast to the situa-
tion which exists at the moment where
the industry does not know from day to
day precisely what engineering design
objectives they must attempt to achieve.

It is important however to under-
stand that there are some inherent
limitations to the close-out concept
which is being discussed. A facility
which is closed out, that is, a
facility which complies with the
criteria to be defined, is not
necessarily a walk-away system. The
principle reasons for this are:

1) Access to the facility is not
truly restricted. That is to say,
human habitation on or near the
tailings can only be restricted
through the active intervention of
a company or a regulatory or monitor-
ing agency.

2) Removal of material from the
site is possible.

3) Monitoring of the site will
likely be required for some time
into the future.

In a true walk-away system the
above three items would have to be
addressed and dealt with in such a way
that the regulatory agencies were
satisfied that no undue harm could
come to members of the public even



though active controls based on
society's intervention no longer
existed.

In order to truly understand the
concept of close-out as currently
envisaged, it is necessary to under-
stand how a tailings management facil-
ity might vary in time. A schematic
illustration of the main points is
provided in Figure 1. In this Figure
the three time phases mentioned prev-
iously are called the operating phase,
the transition phase, and the long
term. During the active operating
phase the release rate of various
radioactive and non-radioactive contam-
inants will usually be at some fairly
constant rate and will be less than
an appropriately set control level. In
most cases the release rate will be at
a level higher than the prevailing
background rate but this is not neces-
sarily the case. Also during the
operational phase one of the primary
means of reducing the release rate to
less than the control level is the use
of active or mechanical systems, for
example systems such as barium chloride
treatment for radium 226. Once active
operations cease, however, an essential
part of the criteria is that the
reliance on active or mechanical systems
will decrease with time until a stage
is reached in which natural systems or
systems which are completely passive
will be the only systems preventing
release of undesirable materials. Thus
there will be a period in which some
form of transition from mechanical to
natural systems takes place. During
the transition phase it is reasonable
to expect that changes in the release
rate will occur. A few possible cases
are illustrated in Figure 1 but these
cases should be regarded as being
purely schematic and intended to show
the intent of the concept rather than
to illustrate a predicted release rate
for a particular radionuclide: Curve A
for example, might apply if no active
attempt was made to restrict release.
In this case the release rate would
gradually rise to a level above the
current control level and at some
point in the future would presumably
stabilize at a new but unacceptable

level. Curve B on the other hand
illustrates the case in which the re-
lease rate increases somewhat during
the time in which mechanical systems
are replaced by natural systems but in
time a new acceptable and stable
equilibrium is achieved. The final
Curve C illustrates a somewhat ideal-
istic view in that the release rate
gradually declines in time and event-
ually reaches a stable equilibrium at
a level which is less than the back-
ground level. The important distinc-
tion to be made in Figure 1 is that
the transition phase represents that
time in which the release rate is
changing and by definition the long
term starts at that point in time
where a stable equilibrium release
rate has been achieved and can be
supported by field data. While current
understanding of the release mechanisms
is somewhat imprecise, it does not seem
unreasonable to suggest that the typical
length of a transition phase might be
of the order of twenty-five to a hundred
years, but this remains to be demon-
strated. In summary, when a facility
can be shown to have a release rate
which is constant or decreasing and
within the levels defined by the
criteria, that system can be regarded
as being closed out.

Having attempted to set out
briefly some of the background reasons
why the Atomic Energy Control Board
has proceeded to establish close-out
criteria, a detailed discussion of
the criteria follows. It is however
worth repeating that these criteria
are only proposals at this point and
considerable discussion of them is not
only welcomed but felt to be absolutely
essential before they are put into
final form and before the regulatory
agencies attempt to apply them to
active operations.

Detailed Criteria

1) Only passive or natural
barriers are to be \ised to control
releases from a closed-out site.

Even though these close-out
criteria are considered to be an



interim step to some final form of
long term tailings management, it
seems appropriate to move as quickly
as possible in the direction of
imposing natural barriers or
barriers which do not require the
constant monitoring or attention of
man. This of course implies that
such currently utilized systems as
effluent water treatment plants, and
synthetic liners which will eventually
degrade will not be credited in the
evaluation of a closed-out system.
It is important to recognize tnat
this criteria may well have signif-
icant impact on the particular site
selected for future tailings manage-
ment and the particular approach to
the engineered containment of those
tailings.

2) Surface water recharge to
the facility is to be limited to that
from direct natural precipitation.
Also, no permanent water pool will be
allowed on the tailings area.

Most evidence currently available
on release mechanisms from a tailings
area identify the very important role
played by water flowing into the
facility. This water is both a
transport media for contaminants and
is also an active reagent for the
production of acidity in high
sulphide tailings systems. The real
effect of a release is defined by
the product of the flow times the
concentration of the contaminant
which gives a mass flow. This in
turn can be expressed as a radioact-
ive dose rate or as an environmental
impact. Thus it is essential in the
long term to restrict the mobility
of water to and from the contained
tailings mass.

The intent of this particular
criteria is to set some upper
bound on the amount of water deriving
from surface run-off which can be fed
into the tailings area. It is felt
that this type of objective can be
met either by the diversion of fresh
water around the tailings area or the
provision of some type of covering

system over the tailings which pre-
vents the bulk of the water falling
onto the tailings from entering the
mass of the tailings themselves.
This latter approach is sometimes
referred to as flow refraction where
lateral permeability is made high
relative to vertical permeability
by the provision of a layered struct-
ure and suitable flow gradients.

3) All designed systems must be
evaluated in terms of their long term
durability and the degree of mainten-
ance needed must be reduced to the
maximum practical extent.

The intent of these guidelines is
to produce systems for the management
of tailings which are as durable as
possible and at the same time requir-
ing minimum maintenance. There is
thus a requirement to estimate the
length of time a given engineered
structure will last and the degree
to which it retards the release of
contaminants as a function of time.
This is a rather new area for engine-
ers to consider when the time scales
involved are of the order of 100's
or even of 1,000's of years. The
amount of future work required to
keep release levels constant can
thus be estimated and the associated
costs can be included in the funding
mechanism. In addition, the type,
frequency and location of monitoring
can be more readily determined from
this type of analysis. In essence
this criteria represents the need to
balance present costs against future
costs and to arrive at an optimum
overall system.

4) Long term performance and
economic guarantees will be required.

The nature of the guarantees and
the mechanism for their administration
will be determined when close-out
costs are better defined. The intent
of this criteria is to ensure that
initial close-out work is properly
conducted even when a company ceases
to exist or goes into receivership.
In addition, some money will be



available to provide monitoring of
the site for many years and to under-
take remedial work if it is required
at some point following close-out.

The current difficulty with
setting up such guarantee-, is the
lack of data needed to define the
engineering constraints and costs
of the various options. In addition,
no consensus exists as to the philos-
ophical approach to he used nor as
to the administrative structure which
will be developed. Discussion of
these particular issues is very much
needed and it is hoped that this will
form an integral part of the broader
discussions anticipated on all of the
criteria.

5) Access to the closed-out site
which might result in removal of
tailings or the construction of
permanent habitations must be limited
to the maximum extent practical.

The last several years has seen
the expenditure of several million
dollars on cleanup activities related
to misuse of radioactive material,
and in particular its misuse in or
near inhabited buildings. The main
concern is the radon emanating from
the waste which tends to collect in
buildings and especially in basements.
The cheapest remedial action however
is prevention. Thus it is necessary
to keep buildings a reasonable dist-
ance away from tailings management
areas and to prevent the removal of
contaminated waste material from the
site. The achievement of this
criteria would involve both physical
barriers such as fences and signs
as well as institutional control over
land use or possibly land ownership.

6) Control levels for releases
from a closed-out facility:

(i) Releases to water should
be less than or equal to those releases
during the operating phase of the
facility assuming best practical
technology was in place and operated
in a conscientious manner.

This criteria affirms that the
current levels of release to water
are at an acceptable level and that
longer term releases will also be
acceptable if they remain at a
similar or lower level. However,
it is important to relate this
criteria to criteria #1 above. Thus
it will be necessary to meet the
water criteria by using natural or
passive systems whereas most operat-
ing facilities use some form of
active or mechanical system with a
high level of intervention for
proper operation.

(ii) Radon emanation should
be kept to a level not exceeding
2-10 pci/m^ sec. (The exact level
will be determined after discussion
with other regulatory agencies and
the industry).

Radon is regarded to be the
controlling contaminant for the air
borne releases. This means that if
radon control levels are met then
dust emissions and gamma fields will
be within acceptable levels automat-
ically. The current levels of radon
release from tailings cover the range
of 100-700 pCi/m2 sec. Thus to
achieve the control levels set out
an attenuation range of from 10-350
arises. This implies a number of
half thickness (thickness needed to
attenuate the radon by a factor of
2) of approximately 4-9. In practice
10 feet of active tailings correspond
to approximately 10 half thicknesses.
Thus a reasonable cover thickness is
implied by the proposed criteria.

(iii) Gamma radiation should
be reduced to a level of 10-50 uR/hr
at 1 meter above the surface. (The
exact level will be determined after
discussion with other regulatory
agencies and the industry).

Typical gamma fields one meter
above uncovered tailings range up to
1000 juR/hr. Also a one meter cover
of soil is expected to result in an
attenuation of approximately 100
times. Thus it can be seen that the



cover thickness needed will be either
less than or of the order of that
needed to reduce the radon to accept-
able levels.

(iv) Particulate emissions
originating from the tailings material
should be virtually non-existent.

A cover of some form is necessary
to meet radon and gamma control levels.
Such a cover should contain dust or
particulates almost totally and thus
a specific control level seems to
be unnecessary.

7) Pathway analyses should be
performed for the closed-out site to
determine the individual equivalent
dose rate for the expected level
of releases.

Ideally the pathway analyses
should be used to calculate the
collective effective dose equivalent
commitment rather than the individual
dose rate since the former can be
related to health detriment while
the latter requires a somewhat
subjective evaluation of the
significance of the releases. The
dose rate has been selected in spite
of this since there is presently no
internationally accepted method for
calculating the collective effective
equivalent dose committment and the
corresponding cost of the detriment
for the case of uranium mine tailings.
This gap in methodology is being
addressed by the NEA but clarifica-
tion is not expected for at least
several years.

The in ent of having an estimate
of overall dose rate is to ensure
that a situation does not develop
where unacceptable exposures to
radiation may develop even though
the individual criteria are satisfied.
In essence this last criteria
corresponds to the bioassay tests
used as final environmental
monitoring indicators for non-
radioactive contaminants in final
effluents in that it represents
an integrated estimate of detriment.
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