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Abstract. During the International Atomic Energy Agency (IAEA) Regional Training Course on "The
Management of Low-Level Radioactive Waste from Hospitals and Other Nuclear Applications" hosted by the
Atomic Energy Corporation of SA Ltd. (AEC), now NECSA, during July/August 1995, the African delegates
reviewed their national radioactive waste programmes. Among the issues raised, which are common to most
African countries, were the lack of adequate storage facilities, lack of disposal solutions and a lack of equipment
to implement widely used disposal concepts to dispose of their spent sources. As a result of this meeting, a
Technical Co-operation (TC) project was launched to look at the technical feasibility and economic viability of
such a concept. Phase I and II of the project have been completed and the results can be seen in three reports
produced by NECSA [1 - 3]. The Safety Assessment methodology used in the evaluation of the concept was that
developed during the ISAM programme [4] and detailed in Van Blerk's PhD thesis [5]. This methodology is
specifically developed for shallow land repositories, but was used in this case as the borehole need not be more
than 100m deep and could fit into the definition of a shallow land disposal system [6]. The studies found that the
BOSS concept would be suitable for implementation in African countries as the borehole has a large capacity for
sources and it is possible that an entire country's disused sources can be placed in a single borehole. The costs
are a lot lower than for a shallow land trench, and the concept was evaluated using radium (226) sources as the
most limiting inventory. The conclusion of the initial safety assessment was that the BOSS concept is robust, and
provides a viable alternative for the disposal of radium needles. The concept is expected to provide good
assurance of safety at real sites. The extension of the safety assessment to other types of spent sources is expected
to be relatively straightforward. Disposal of radium needles is believed to be a more severe test of the disposal
concept than any other type of spent source. Phase IE, which has as yet not started will, look at developing
guidelines for implementation of the concept and will end with a practical demonstration of the concept.

1. INTRODUCTION

With a view to improving radioactive waste management on the African continent, the
NECSA started to identify and review disposal concepts that could be applicable to African
conditions. A few factors that were taken into consideration include:

— A nuclear infrastructure that can control a sophisticated disposal facility, is basically
nonexistent in African countries;

— The disposal concept must be technically feasible to implement, taking into
consideration the equipment at their disposal;

— Relative to conventional methods, the concept should be easy to manage;
— The concept must be economically feasible to implement, taking into consideration the

financial situation in some of these countries;
— The concept must take into consideration the size and number of sources (i.e. the

volume) that need to be disposed of;
— The concept should comply with the overall safety objective of radioactive waste

management, in terms of the protection of human health and the environment both now
and in the future, without imposing undue burdens on future generations; and

— The concept should preferably be applicable for both short- and longer-lived
radionuclides, such as 226Ra and 241 Am.

This led to the introduction of the borehole disposal concept as a near surface disposal method
of spent radioactive sources in African countries. As part of an IAEA programme to
strengthen waste management infrastructure in African countries (AFRA 1-14), an IAEA TC
Project was awarded to NECSA to investigate the borehole disposal concept.
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1.1. Objective of the project

The objective of the project was to validate the technical feasibility and economic viability of
a "borehole disposal" facility to be used for the safe disposal of Disused Sealed Radioactive
Sources (DSRS).

1.2. Terms of reference

The purpose of the study was to demonstrate the possibilities and limitations of the borehole
disposal concept. Emphasis was placed on the following:

— Defining the required safety criteria.
— Defining and justifying a complete and coherent set of assessment scenarios, including

an intrusion scenario.
— Assessment of compliance with safety requirements.
— Deriving generic waste acceptance criteria for spent sources to be disposed of in the

borehole.
— Assessment of the technical and economic feasibility of the borehole concept.
— Definition of a representative waste description for Africa.
— Investigating the possibilities, limitations and requirements of a mobile conditioning

facility (including the necessary working procedures).
— Designing and implementation of a pilot plant, including the waste packages decided on.
— Designing of the waste packages, justifying the use of materials and dimensions.
— Investigating the technical and economic feasibility of alternative borehole diameters.

In the final report, reference will specifically be made to the following aspects:

— Minimum site characterisation necessary.
— Institutional control.
— Depth requirement for the disposal of different isotopes (sources).
— The use of sensitivity analysis in the safety assessment.
— Sorption properties of different isotopes on materials.
— The influence of geochemistry on the waste package design.
— Drilling methods that should be used.
— Public acceptance.

Note that the safety assessments, as part of the evaluation of the long-term performance of the
disposal concept, were conducted within the framework established in the IAEA Co-ordinated
Research Programme on Improving Safety Assessment Methodologies for Near Surface
Radioactive Waste Disposal Facilities (ISAM) [4].

1.3. Acronym for the concept

Several studies have been, or are currently under-way to investigate the feasibility of
boreholes as an appropriate disposal facility. It may be that these investigations consider wider
and deeper or shallower boreholes, and for different inventories. To eliminate any confusion
regarding other concepts that use boreholes, it is proposed that the concept presented in this
document be referred to as the BOSS disposal concept (Borehole Disposal Of Spent Sources).
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2. THE PROBLEM WITH DISUSED SEALED RADIOACTIVE SOURCES (DSRS)

Large numbers of spent radiation sources exist in many countries. At last count [7], there were
more than 600 000 sources in existence world-wide. A summary of international experience in
using boreholes to store/dispose of sources can be seen in an annexure to a draft report
currently being developed at the IAEA [8], but as yet, no international consensus exists as to
an acceptable solution for the challenge of disposal of Disused Sealed Radioactive Sources
(DSRS). Controlling of these small and active sources is particularly urgent in developing
countries that usually do not have the necessary infrastructure to deal with the problem. Some
countries in Africa do not even have legislation for the control of radioactive waste, let alone
the dedicated staff to collect and store these sources.

The Field Management Committee (FMC) of the African Regional Co-operative Agreement
(AFRA) has taken steps to rectify the problem with respect to radium needles and to date eight
African countries have been "cleared" of known radium sources. These sources have been
conditioned and placed in safe storage in the respective countries and will be stored until a
disposal route exists. Part of the TC project [2] included obtaining detailed inventories of
sources from various African countries.

3. THE CONCEPT [2]

The design of the borehole for the BOSS disposal concept (see Figure 1) should contribute to
the general aim of safety for near surface disposal systems, that is, to ensure the safety of the
public and the environment now and in the future. Fundamental aspects to take into
consideration in the design of the borehole are:

— The dimensions of the borehole should allow for the disposal of spent sources in
suitable waste packages;

— The design of the borehole should take into consideration the operational requirements,
e.g. waste emplacements should be able to take place as a matter of routine over the
period during which it operates;

— The design should minimise the need for active maintenance after site closure and
complement the natural characteristics of the site to reduce environmental impact; and

— Human intrusion (advertent and inadvertent) should be difficult.

Conceptually, the BOSS disposal concept comprises a standard borehole drilled down to a
depth of 100 m. The standard borehole (165 mm or 6.5" in diameter) and the 100 m are
guidelines. If required, wider boreholes can be drilled. Also, for site-specific conditions,
depths of less or more than 100 m could be acceptable.

A 150 mm casing is used to define the disposal volume. To ensure that the disposal volume is
dry during the operational period, a bottom plug is provided. The disposal area can be fenced
off to limit access, and a temporary site office can be erected.

A reference design was proposed in the studies undertaken by Van Blerk, et al. [2] that
included a container of stainless steel, a cement based waste form and encapsulated sources.
The waste package would be placed into wet concrete in the borehole. A specially formulated
concrete would then be poured on and around the container. The next package would then be
lowered into the hole and the process repeated. Packages would continue to be placed into the
borehole until the Waste Acceptance Criteria for that hole were met or until the cut-off depth
was reached. The rest of the hole would be sealed off with concrete.
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FIG. 1. A schematic representation of the BOSS concept (after [2]).

Whether the site should be marked or not is an interesting philosophical point to debate, as the
"footprint" of a borehole is very small and there is merit in possibly putting some sort of
intrusion resistant cap at a shallow depth and then camouflaging the hole so that it cannot be
found. This issue can only be resolved by a detailed Safety Assessment.

Retrievability has not been considered for disposal in boreholes as the concept has been
developed to solve specific problems in developing countries, especially Africa. It is currently
felt that building in this factor would unnecessarily complicate the technical requirements and
make the implementation impossible in the target countries.

The preliminary studies of the economics of the BOSS concept have shown that the costs per
cubic meter of waste are higher than for some shallow land sites, but this is because the small
volumes carry a large "overhead" in terms of siting, radiation protection etc. The total cost of
implementing the concept in a country could range from US $123 000 to US $213 000 [2].
The total capital cost would of course be a lot less than that of conventional disposal concepts.

4. THE PRELIMINARY SAFETY ASSESSMENT [3]

The Safety Assessment was carried out using real data from two sites, namely the Vaalputs
Shallow Land Repository site, and the Pelindaba site, both of which are in South Africa. The
Vaalputs site used a shallow borehole of 45m below surface in the unsaturated zone, while the
Pelindaba hole was 100 m deep in the saturated zone.

Three scenarios were considered for each site, namely:

— Design Basis Scenario (Drilling a well for water near the repository).
— Drilling Scenario (Direct Intrusion).
— Modified Society Scenario (Termites at Vaalputs, discharge at spring at Pelindaba).
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The Design Basis Scenarios for Vaalputs (VI) and Pelindaba (PI) reflected similar behaviour
patterns to ones currently practised at the sites and exposures were assumed to come from a
well drilled near the waste. Direct intrusion (Scenarios V2 and P2) by means of a well drilled
directly into the waste was considered highly unlikely and was not modeled in the assessment.
The modified society scenario for Vaalputs (VI) considered alternative lifestyle assumptions.
The hunter/gatherer was assumed to make up the critical group and the only pathway was via
the activities of termites. This scenario (modified society) at Pelindaba (PI) considered the
discharge of groundwater through a spring at surface.

The BOSS disposal concept easily met generally acceptable safety criteria for almost all
analyses. One exception is the analysis of direct consumption of contaminated termites. As
this scenario is based on very limited knowledge of the behavior of termites, very conservative
assumptions were made. The assessment [3] assumed a high loading of radium needles in a
waste package and a high loading of waste packages in a borehole. Despite this level of
loading, the disposal facilities demonstrated acceptable levels of safety for most conditions
considered. It is concluded from this evaluation [3] that the waste package need not be limited
in inventory. A good waste form is critical for meeting the safety criteria and therefore good
quality control would be needed whilst performing the waste conditioning and emplacement.

5. CONCLUSION

From a financial perspective, the BOSS concept is cheaper than a shallow land concept even
though one would not consider placing radium sources, in particular, in such a repository. It
does not make sense to compare the BOSS concept financially with conventional disposal
systems that are designed to dispose of very much larger volumes of waste. Of course, if deep
geological facilities already existed, the problem of DSRS would be easier to solve. The
BOSS design appears to be quite robust in terms of limiting releases to acceptable levels. This
was found to be true for disposal in both saturated and unsaturated conditions, although
unsaturated conditions appear to be preferred [3]. From the work done in the TC project, [2,
3] it can be concluded that that the BOSS concept is robust, and provides a viable concept for
the disposal of spent radium needles. Based on the results obtained with the two generically
defined sites, the concept is expected to provide good assurance of safety at real sites. The
extension of the safety assessment to other types of disused sources is expected to be
relatively straightforward. Disposal of radium needles is believed to be a more severe test of
the disposal concept than any other, and since a strong safety case can be compiled for 226Ra,
one would expect that the concept will prove to be safe for any other type of disused source.
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