
IAEA-CN-90/73XA0300202

SAFETY ASSESSMENT OF A BOREHOLE TYPE DISPOSAL FACILITY USING
THE ISAM METHODOLOGY

1 2 3 4J.J. -San Blerk V. Yucel M.W. Kozak, B.A. Moore

'Aquisim Consulting (Pty) Ltd., Centurion, South Africa
2Bechtel Nevada, Las Vegas, USA
3Monitor Scientific LLC, Denver, Colorado USA
4U.S. DOE. N�I'ashinQton D.C. USA

Abstract.

As part of the IAEA's Co-ordinated Research Pr 'ect (CRP) on Improving Long-term of
Safetv Assessment Methodologies for Near Surface Waste Disposal Facilities SAM), three
example cases ere developed. The aim was to test the ISAM safety assessment
methodology using as realistic as possible data. One of the Test Cases, the Borehole Test
Case (BTC). related to a proposed future disposal option for disused sealed radioactive
sources. This paper uses the various steps of the ISAM safety assessment methodology to
describe the work undertaken by ISAM participants in developing the BTC and provides
some general conclusions that can be drawn from the findings of their work.

1. Introduction

In 1997 the ISAM CRP was launched by the IAEA with the aim of focusing on the
methodological aspects of long-term safety assessment for near surface radioactive waste
disposal facilities [1]. Part of the work undertaken by participants was to test the safety
assessment methodology developed during the ISAM CRP using three Test Cases based on:
current practices (vault facility); older practices (RADON type facility); and a proposed future
disposal option for disused sealed radioactive sources (borehole facility) 2 Sections 2 to 6
prov'de a brief summary of the steps followed in the assessment of the Borehole Test Case
(BTC), whilst overall conclusions are presented in Section 7.

The disposal concept considered in the BTC is based in the Borehole disposal Of Spent
Sources (BOSS) concept, which is still under development through the IAEA AFRA 114
pr 'ect 3 and intended to provide African countries with a solution for the long-term
management of their disused sealed radioactive sources.

2. Specification of the assessment context

The assessment context defines the basis for the assessment by focussing on what is being
assessed and hy it is bein- assessed. It provides information concerning key aspects of the
assessment, namely: the purpose; the stakeholders; the regulatory framework; the end-points;
the philosophy; disposal system characteristics-, and timeframes. Table I summarises these
components of the assessment context as developed for the BTC.

3. Description of the waste disposal systern

The BTC disposal system is based on the BOSS concept currently under further development
[3]. whilst the geosphere and bosphere were based upon the Vaalputs site in South Africa.
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The disposal facility is designed for the disposal of sources arising from medical, research,
industry and agricultural applications containing short-lived eg. 92 1r) and long-lived

22 6radionuclides e g. Ra). The inventory that was used for the BTC is presented in Table 1.

Two facility configurations were considered for the BTC: one for disposal in the saturated
zone and one for disposal in the nsaturated zone. The first consists of a borehole 254 mm in
diameter) drilled to a depth of 100 m, while for unsaturated conditions the borehole was
drilled 45 m deep. In both cases te bottom 10 rn was used as a disposal zone, while the
remainder of the borehole was backfilled with concrete, which onstitutes closure of the
disposal facility. High integrity stainless steel containers were used as waste packages. The
waste package was backfilled with cement with the stainless steel capsule containing the
source emplaced in the centre f te package. Ten waste packages, spread over the 10 m
disposal zone, were emplaced in the borehole, with cement backfill between the waste
packages.

Table 1. Assessment context for the Borehole Test Case

Purpose (I To evaluate saturated and unsaturated site conditions and two land use
conditions (a) continued use of small farms in the area and agricultural

activity, and (b) reversion to a traditional hunter-gatherer life style

(2 Frther development of the borehole disposal concept

(3 Icrease confidenc -e that the site and facility design are suitable

Stakeholders Government officials, the site operator, regulators, public, and technical or

scient f c staff and rviewers.

Regulatory framework Based on broadly accepted international AI11A and ICR-P principles ith

an institutional control period of 30 years.

Data availability Using available site-specific data, supplement with generic data.

Application ofconservatism Multiple-lines of reasoning and conservative bas.

End-points Individual effective dose to a member of the critical group.

Assessment philosophy iterative, site-specific prospective ealuations, reasonable assurance

Disposal system characteristics Borehole facility with intermediate depth 40 m to I 0 m) for disposal of

short and long-lived radionuclides. Geosphere and biosphere based upon
South African site in semi-arid rural setting

Timefrarnes �� No cut off time for calculations specified, IO 000 years used.

Table 11 The inventory that was used for the ISAM Borehole Test Cse.

Isotope Half-life (y) No. of Sources Activity per Source (Bq) Total Activity (Bq)

99"Tc 6.86E-04 I 4.99E+09 4.99E+09

7_1--r 0.202 22 3.70E+12 8.14E+ 3

___7 Co' 0.742 4 1.85E+05 7.40E+05

77d 1.27 4 1 I I E-�-08 4.44E+08

" Y o 5.60 2 3.70E+09 7.40E+09

137CS 30.60 - 11 2.78E+09 3.05E I 
5 5.55E I 2.78E+l 1

241 Am 4 2 - 560 1.85E-�05 1.04E+08
9 5.55E+05 5.OOE+06

12"Ra 1600.00 6 3.70E+06 2.22E+07
3 LI I E+05 3.33E+05

2-1 'P LI 2.41 E+04 I 3.7017-79� �i 3.70E+09
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The unsaturated zone extended 50 m to 70 m below the surface and consisted of the
weathered oerburden (sands and clays) and fractured bedrock (granite). The saturated zone
was fractured granite and water flow was predominantly along fractures and controlled by
fault zones.

The facility was assumed to be situated in a semi-arid region with an annual rainfall of 0
mm. Agriculture as the main activity, primarily sheep farming. The sheep diet was natural
vegetation supplemented by imported fodder and borehole water. Water was obtained for
domestic and aricultural purposes from boreholes sunk into the fractured aquifer.

4. Development and justification of scenarios

In the assessment context for the Borehole Test Case (BTC), it was stated that one of the
purposes of the safety assessment was to evaluate the borehole disposal concept under
speciific ste and land use conditions 2 The site conditions for the BTC involved the
implementation of the borehole disposal concept in saturated and unsaturated condition in a

rid environment. Two land use conditions were con 'dered:
serm-a si

• continuation of current land use patterns. characterised by small farms and agricultural
activities to the extent supported by the local climate; and

• reversion to traditional human behaviour, characterised by hunter-gatherer land uses.

With these conditions as part of the assessment context, it was considered possible to follow a
simplified approach to scenario development and ustification. The following three exposure
scenarios ere defined by expert judgement on the basis of the assessment context:

• member of public (farmer) with an abstraction well (variants on distance of well from
disposal borehole and whether source is in saturated or unsaturated zone);

• member of public (farmer) with discharge to salt plan (variants on whether source is in
saturated or unsaturated zone); and

• member of public (hunter-gather) eating termites.

In addition to these three land-use based scenarios, a inadvertent hman intrusion scenario
was also added for consideration.

The main scenario development and ustification effort was directed towards providing an
audit trail of factors to be considered in the subsequent analysis of these scenarios. This was
achieved through the screening of the ISAM FEP list and use of a source-pathway-receptor
analvsis. This analysis allowed the source of radionuclides to be identified for each scenario
(i.e. the disused sealed source in the disposal borehole), the various pathways from the source
to the receptor to be identified, and the target (i.e. the exposed humans) to be identified.

5. Formulation and implementation of models

Usina Interaction Matrices, conceptual models were developed for the fan-ner scenario and the
hunter-gatherer scenario. The matrices allowed the identification of interactions between the
key components of the disposal system and the mapping of radionuclides movement around
the system and the resulting human exposures.
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The GoldSIrn model 4 was used in the mathematical mplementation of the conceptual
model of the groundwater pathway for the farmer scenario. The assessment model for the
fanner scenario was built to smulate:

• the release of radionuclides; from te waste packages in the borehole;

• their transport through the unsaturated zone to the water table;

• through the saturated zone to borehole near the site; and

• the dose to the farmer-receptor who uses borehole water f6i drinking, and consurnes
sheep, poultry, and eggs that are contaminated by the borehole water.

GoldSim's Contaminant Transport Module [5] was used to built the near-field source term)
and the geosphere transport components of the assessment model.

The COMPASS model 6 was used in the mathematical implementation of the conceptual
model of the hunter-gatherer scenario. The assessment model for the hunter-gatherer senario
was built to simulate the release rate of activity from the waste package. This resulted in a
contaminant plume around the aste packages, the soil of which is excavated by the termites
Hodotermes mossan7hicus commonly found in the Vaalputs area. hese termites serve as a
source of protein to te hunter-gatherer, which resulted in an ingestion dose.

6. Analysis of results

From Figure I it is clear that the mximum total effective dose equivalent (TEDE) occurs in
10,000 years after the facility closure. Most of the TEDE is from 3'N p and ... U. The time
history of the scenario TEDE is shown in Figure 1, where 100 realisations are summarised.
The mean, median, 95 percentile, and percentile of the TEDE distribution are shown in the
Figure 1. The TEDE distribution at 10,000 years (in mSv.a-1) has a ean of 9AE-07 a median
of 8.8E-07 a 95 percentile of 2.OE-06, and a percentile of 5.OE-08. The results indicate that
all TEDE realisations are well below the compliance criterion of 0 I mSv.
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Figure 1. Total effective dose equivalent as calculated for the farmer scenario.
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As shown in Figure 11, the dose for ingestion of insects in the hunter-gatherer scenario using a
bounding set of parameter values ndicated that the dose is rather large, reaching a peak of
about 35 mSv.a- However, the model for this pathway was speculative and it was uncertain
how conservative it as. Considerable uncertainties existed in these values.
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Figure 11. Total effective dose equivalent as calculated for the farmer scenario 2].

7. Overall conclusions

The BTC followed the ISAM methodology, and although not applied to its full extent, proved
useful in performing safety assessments for near-surface disposal facilities in a structurad
manneT A first iteration of the methodology was completed and serves as a basis for future
iterations. Both the results and the decision-making process should be 'udged from this
perspective.

It is considered that the BTC has fulfilled each of the objectives set for the assessment. In
particular, it can be stated with reasonable assurance that the concept proved to be suitable
under the specific site and land use conditions. This conclusion suggests that the concept is
su table for the disposal of disused sealed radioactive sources un der ar'd conditions.

Two land use conditions specified in the assessment context limited the need to apply a
formal svsternatic scenario generation approach. The first condition considers continuation of
current land use, characterised by small farms and agricultural activity to the extent supported
by the local climate. The second condition is a reversion to traditional human behaviour,
characterised by hunter-gatherer land uses. The ISAM FEPs list was used in a limited way to
incorporate these land use conditions in the scenario generation processes. The FEPs list was
viewed. and external FEPs were identified that might lead to potential exposures. In this way,

insect excavation scenario 'dent'fied that was not considered prior to the scenario
an was
generation procedure.
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More formal methods for developing scenarios or conceptual models from them were not
used in the BTC, owing to time limitations. However, the FEPs list proved to be very useful
as a audit trail and to facilitate model development. Interaction matrixes complemented this
process, but were used only to a limited extent.

This initial iteration allowed limited time for alternative ways to represent results, the
treatment of uncertainties, qualitv assurance and detailed evaluation of the results to establish
reasonable assurance of compliance with regulatory criteria.
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