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Transport And Fate Of Radionuclides From A
Hypothetical Repository Of Radioactive Waste In
The Accra Plains
Paul Essel, Dominic Otoo, Mark Amo-Boateng, Thomas Tetteh Akiti
Abstract: Ghana has a stockpile of disused radioactive sources that need to be managed and dispose of. The Accra Plains is a probable site to host
such a repository in Ghana. To evaluate the long-term safety of the proposed repository, a model of the geosphere and disposal system of a
hypothetical radioactive waste repository sited in the Accra Plains, was developed using the AMBER simulation tool. After the engineered barriers of the
repository deteriorate, undecayed radionuclides escape through groundwater and migrate through the geosphere. The model functions to monitor the
escaping radionuclides, to mitigate its effects on humans and the environment. The model also purposes as a tool for calculation of the annual effective
dose on a receptor dwelling around an abstraction borehole located at 4km, 1km and 200m down the hydraulic gradient of the hypothetical repository.
Predicted results were used to assess the suitability of the site to host such a repository. Radiation exposure to the receptor is assumed to occur from
abstraction and use of groundwater from the geosphere via the abstraction borehole. The groundwater is used for domestic purposes, that is drinking,
and agricultural purposes, viz., watering animals and irrigation of crops. The predicted results for liquid releases in terms of the calculated peak annual
effective dose in all cases were significantly lower than the International Commission on Radiological Protection (ICRP) dose constraint of 0.3mSv/y.
The results thus indicate that the Accra Plains is capable to safely host a radioactive waste disposal facility for Ghana’s disused radioactive sources.
Keywords: Schist; AMBER; Fracture; Radioactive Contaminant; Accra Plains; Groundwater
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1.0 Introduction
Ghana has a stock of disused radioactive sources which
must be overseen and securely dispose of. These sources
contain diverse radionuclides in exceptionally factor
amounts. Though several of these sources are small in
physical size; they can however contain higher levels of
radioactivity. Subsequently, if not managed appropriately,
these radioactive sources can harm the population and the
environment. Safe storage of radioactive sources with short
half-lives which deteriorate to innocuous levels in short
periods in a secure facility can be considered as a
satisfactory management practice. For radionuclides with
long half-lives however, a proper disposal route is required
[13]. Geological repository system offers long-term
protection against the detrimental effects of ionizing
radiation on humans and the environment. The disposal of
radioactive waste originating from nuclear applications is a
subject with extreme importance. Disposal of radioactive
waste must be performed in an approach that offers a
satisfactory level of safety. The disposal approach must be
ascertained to comply with the established regulatory
requirements and criteria. Repositories of radioactive
wastes are required to prevent the leakage of radionuclides
into the biosphere. The objective of radioactive waste
disposal is to sequestrate nuclear waste from the biosphere
for great time spans as some of the half-lives of some
radionuclides range into thousands of years.
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One of the basic problems of the final disposal of nuclear
waste is how to ensure isolation of the waste from the
biosphere for the required long time span. The safe
disposal of nuclear waste is based on the multi-barrier
concept. Besides the radionuclide transfer time in different
compartments of the disposal system, other common
techniques used to assess the safety of a radioactive waste
repository is to estimate the impact of the repository on
human health in terms of radiological dose, radiological risk,
and concentrations or fluxes of radionuclides in different
compartments of the disposal system [8]. After disposal,
moving groundwater and the prevailing chemical conditions
can induce degradation of the nuclear waste disposed and
transport the dissolved radionuclides to the biosphere
through porous and fracture network in the geosphere [14].
Safety besides performance of any disposal system needs
to be assured for hundreds of thousands of years into the
future [10]. As long term performance needs to be achieved
over the long period of disposal, the engineered barriers will
undergo degradation leading to the dissolution of
radionuclides into the groundwater which is subsequently
transported to the biosphere through the geosphere. The
Geosphere of the Accra Plains is a potential site to host
such a repository. The Accra Plains is comprised of the
very low permeable Togo and Dahomeyan rocks.
Groundwater occurrence in these rocks is controlled
principally by the advancement of secondary porosities, e.g.
fractures, faults joints etc. and the associated weathered
zone [2]. The geosphere comprises a natural obstacle for
the conceivable seepage of radionuclides from the
proposed depository of radioactive waste [14]. Transport by
groundwater probably as a pathway has the highest
potential of transmitting radionuclides to the human
environment under an ordinary condition. A decent
comprehension of the hydrogeological qualities of the
proposed disposal site is significant [12]. The geosphere
naturally provides the environment in which the engineered
barriers must be sustained in a geological disposal system.
Retardation of the transporting radionuclides that might be
migrating from the engineered system into the environment
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is another function of the geosphere. Groundwater
assumes a significant role in the natural system, since
transport in groundwater is commonly regarded as the most
probable system for radionuclides to travel to the biosphere
[12]. The flow paths of the radionuclides are along fractures
and matrix pores, which are assumed to constitute a two
flow continuums [19]. There is the need therefore in
addition to the calculation of the concentration of
radionuclides transported along these flow paths, to also
calculate the exchange of the radionuclides between these
two flow continuums. This establishes a dual porosity
structure. Critical routes along which radionuclides can
reach the biosphere are considered in mathematical
models. Though they simplify the reality considerably, the
worst predictable cases and the effect of the essential
parameters can be assessed with the help of such models
[17]. To evaluate the long-term safety of radioactive waste
repository, a comprehensive model of the geosphere and
disposal system should be developed to inform the
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migration of radionuclide in a given environment, the activity
of the migrating radionuclides, and its effect on the
population and the environment. Such model functions as a
tool for calculation of the annual effective dose generated
by radionuclides released into the environment on receptors
at a location in the biosphere [8]. The predicted results from
such model are used to evaluate the suitability of the
proposed site to host a radioactive waste repository.

2.0 Study Area
The Accra Plains is located in the Greater Accra Region of
Ghana. The Plains lies between latitude 50 301 N and 60 151
N of the equator, and latitude 00 201 W and 00 401 E of the
Greenwich meridian and is situated on the south-eastern
part of Ghana. The Plains approximately covers 7000 km2.
It is bounded on the west and the northwest by the
Akwapim Togo Mountains and in the north to the east by
the Volta River and on the south by the Gulf of Guinea [10].

Figure 1: Geological Map of the Accra Plains
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The geology of most part of the Accra Plains (fig. 1) is
made up of the Togo Structural Unit and Dahomeyan
Structural Unit. The Togo Structural Unit consist of a
progression of metamorphic and profoundly collapsed
quartzites, phyllites and schists [9]. The Plains is essentially
underlain by acidic Dahomeyan and Togo rocks. The acidic
Dahomeyan set of rocks for the most part comprise of
muscovite-biotitic gneiss, quart-feldspar gneiss, augen
gneiss and minor amphibolites. These rocks metamorphose
to a tad of permeable calcareous clay. The Togo rocks are
generally metamorphic and vastly folded arenaceous group
of rocks that consist of quartzite, quartz schist, sandstone,
shale, sericite schist and phyllite. Besides, jasper and
hematite quartz schist are common [5]. Atobrah, K. [3]
maintains that, the fractured crystalline rocks in the Accra
Plains are samples of the porous fractured media. That
study revealed that, there are at least three major sets of
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fractures persisting in the Accra Plains, that is, NW-SE
(dipping 17°-30°E), N-S (65°-80°W) and E-W (65°-80°SE)
with fracture porosity ranging from 0.09 for zones of least
fracturing to about 0.4 for profusely fractured zones.

3.0 Materials and Methods
Based on previous work done in the Accra Plains,
lithologies of thirty-one (31) drilled boreholes in the Accra
Plains were compiled and compared to determine a
representative lithology of the Accra Plains. The geological
conceptual model was determined, based on the
characteristics of the established representative lithology.
Depending on the developed conceptual model,
hydrogeological parameters of the Accra Plains were then
deduced from literature. The following tables present the
lithologies and GPS locations of the boreholes considered.

3.1 Lithology of Boreholes in the Accra Plains
Table 1: GPS Locations and lithology of seven (7) boreholes drilled in the Accra Plains by Water Research Institute, Accra,
Ghana.
Log
Location

GPS Latitude

Elevation
(m)

GPS Longitude
Description

Madina

5.682550N

0.169840W

Shiashie

5.628380N

0.172520W

Abelempke

5.61087

0.208630W

CSIR Guest
House

5.57056N

0.19447W

Ghana
Standards
Authority

5.63059N

0.17789W

Mataheko

5.57003N

0.24622W

Adjiringanor

5.66111N

0.12319W

Sandy-clay Soil
Highly Weathered gneiss
Moderately Weathered gneiss
Slightly Fractured-to-fresh gneiss
Sandy Soil
Moderately Weathered gneiss
Fresh gneiss
Sandy-Clay Soil
Highly Weathered gneiss
Moderately Weathered gneiss
Slightly weathered-to-fresh gneiss
Fresh gneiss
Fractured gneiss
Fresh gneiss
Sandy Clay
Fresh Quartzite
Fractured Quartzite
Lateritic sandy
weathered gneiss
Slightly weathered to fresh gneiss
Fresh gneiss
Sandy Clay
Highly Weathered Material
Mudstone with fine sand
Sandy Clay
Gneiss to moderately weathered gneiss
Fresh hard Gneiss with micro fractures

Thickness(m)
0-4.2
4.2-22
22-36
36-60
0-3
3-12
12-150
0-3
3-9
9-27
27-33
33-61
61-65
65-80
0-3
3-50
50-70
0-4
6-9
16-25
25-141
0-10
10-15
15-45
0-2
2-4
4- 130

72m

57

32

31

-----

32

41

Table 2: Summary of Twelve (12) borehole logs from some boreholes on the University of Ghana campus in the Accra Plains;
adapted from [4].
Depth Range (m)
0 to 9
9 to 38
38 to 60
60 to 85

Geological Formation
Laterite
Moderate to highly Weathered quartzite/phyllite
Moderately Weathered quartzite/phyllite
Slightly weathered to fresh quartzite/phyllite
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Table 3: Summary of the geological logs for two (2) boreholes located on the Ghana Atomic Energy Commission Site in the
Accra Plains; adapted from [2].
IDs

Laterite

Clay

Quartzite

BH
01

0-4m

4-6m

BH
02

0-2m

Phyllite

Mixed
materials

Schist

GPS location

12-13m, 37-38m

50-122m

122-150m

05040.714”
0013.080”

9-19m

52-110m

110-150m

05040.715”
0013.050”

6-12m , 13-37m
38-50m
4-9m
2-4m
19-52m

Table 4: Lithologies of ten (10) boreholes in the Accra Plains; adapted from [1]
Borehole
Ref. No.

BH1

BH2

BH3

BH4

BH5

BH6

BH7

BH8

BH9

BH10

………

………
………
………
………

……
……
……
……
……
……
……

………
………
………
………
………
………

………
………
………
………
………
………
………

Light Brown Laterite
Quartzite Schists

Reddish Laterite

Laterite

Brownish Laterite

Light Brown Laterite

……
……
……
……
……
……

Greyish Schists

Schist

………
………
………
………

Weathered Quartzite

60
65
70
75
80
85
90

Light Schists

55

Dark
Schists

Quartzite Schists

Quartzite Schists

Dark Greyish Schists

15
20
25
30
35
40
45
50

Brownish
Schists

Light
Brown
Laterite

10

Greyish Schists

Light
Brown
Laterite

Dark
Brown
Laterite

Brown Laterite

Light
Brown
Laterite

Dark Greyish Schists

5

Dark
Brown
Laterite

Dark Brown Laterite

Depth (m)

Table 5: GPS Locations of the ten (10) boreholes adapted from [1]
Borehole
Ref. No
BH1
BH2
BH3
BH4
BH5
BH6
BH7
BH8
BH9
BH10

GPS Latitude
0

’

”

05 42 2.6
05044’6.4”
05041’15.3”
05042’49.5”
05040’0.6”
05040’56.5”
05041’6.7”
05043’55.5”
05041’42”
05040’8.1”

GPS Longitude
0

’

”

0 11 3.9
009’45.8”
0014’48.0”
0014’37.6”
009’58.6”
009’19.9”
0012’50.5”
0010’49”
0012’43.9”
0012’23.4”

Elevation above mean
sea level (m)
66
74
112
176
92
66
53
92
53
58

Aquifer Screen
Thickness e/voids (m)
_
13
15
12
9
_
12
15
12
_

Thickness of the
hard-rock E (m)
64
47
48
22
32
78
28
48
50
78
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Fig. 2 shows the location of Nineteen (19) of the boreholes considered in the Accra Plains;

Figure 2: Location of nineteen (19) of the boreholes considered in the Accra Plains; after [7]
Table 6: Summary of lithology of the thirty-one (31) boreholes considered in the Accra Plains

Borehole IDs

Laterite

Clay

Quartzite

Phyllite

Mixed
Materials

Schist

Ghana Atomic Energy
Commission Site (BH1&2)

0-4m

4-6m

6-52m

12-19m
37-38m

50-122m

110-150m

University of Ghana
campus (12 boreholes)

0-9m

BH1

0-10m

10-80m

BH2

0-5m

10-52m

BH3

0-15m

20-70m

BH4

0-9m

9-70m

BH5

0-5m

10-55m

BH6

0-6m

6-90 m

BH7

0-5m

5-60m

BH8

0-5m

5-60m

BH9

0-4m

Weathered
Gneiss

Fresh Gneiss

9-85m

4-57m
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BH10

0-5m
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5-90m

Madina

0-4.2

4.2-36

36-60

Shiashie

0-3

3-12

12-150

Abelempke

0-3

3-33

33-80

CSIR Guest House

0-3

6-25

25-141

2-4

4-130

Ghana Standards
Authority

0-4

Mataheko

10-15

Adjiringanor

3-70

0-10

15-45

0-2

Table 6 summarises the compiled lithologies of the boreholes considered. From the summary of lithology of the 31 boreholes in
the Accra Plains, the following conceptual geological model of the Accra Plains (Fig.3) can be deduced;

0-15m

Native Soil

Quartzite Schist
with Phylite
patches

15-150m

36-150m
Portion
Dominated
by Gneiss

Figure 3: Conceptual Geological Model of the Accra Plains; after [7]
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For evaluation of the long-term safety of the hypothetical
repository, the conceptual model of the facility (fig.4) was
developed. This was based on the developed conceptual
geological model of the Plains which is predominantly
underlain by Schist rocks. In our model, the geosphere as a
natural barrier is represented by the schist rock
environment where radionuclides reach the geosphere
through the fractures and faults. The interconnection of the
geosphere with the biosphere is represented by an
abstraction borehole located 4km down the hydraulic
gradient of the hypothetical repository, from which the
contaminated water is abstracted and used as drinking
water for humans, water for livestock besides using it for
irrigation of the farm land. Shorter distances of 200m and
1km were considered for variant calculations. As the

Disposal
Facility

ISSN 2277-8616

disposal system evolves, the disposal canisters eventually
degrade and leak due to corrosion or other defective
means. The developed model estimates the rate at which
the escaping radioactive contaminants will be transported
by the flowing groundwater from the repository to the
biosphere through the geosphere. The activity of the
contaminant arriving at the abstraction borehole after
dilution is used to calculate the annual effective dose for a
receptor that uses the well water. This helps to assess the
geosphere’s suitability to host such a repository.
Radionuclide transport processes included in the model
were advection, diffusion and sorption in the repository
near-field and advection, matrix diffusion and sorption in the
geosphere.

4 km

Abstraction Well
Water table

Disposed
Waste

Contaminant Plume

Groundwater Flow
Direction

Figure 4: Conceptual model of the disposal system
The model for long-term safety of the hypothetical
repository was developed using the AMBER simulation tool
[6]. AMBER uses a compartment model approach to
represent the migration and fate of contaminants in the
disposal system. The geosphere was divided into series of

assumed homogenous compartments. The transfer
processes between the compartments were expressed as
transfer coefficients representing the activity fraction in a
particular compartment transferred from this to another, per
unit time. Fig. 5 shows a screenshot of the AMBER model.
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Figure 5: Screenshot of the Developed AMBER Model
3.2 Definition of selected parameters
(a) Hydrogeological Properties of Schist
The hydrogeological properties of the dominant schist rock have been used for the model are shown in Tab. 7;
Table 7: Physical parameters used in the model
Parameter
Hydraulic Conductivity _Matrix

Hydrogeology parameters for Schist Rock
Value
3.65e-4m/y

Hydraulic Conductivity _Fracture
Hydraulic Gradient
Water-Filled Porosity _Matrix
Water-Filled Porosity -Fracture

3.65e-2m/y
0.05
1e-6
1e-2

Source
[15]
[15]
[3]
[18]
[18]

Table 8: Inventory of radionuclides considered
Radionuclide

Activity (Bq)

Co-60

2.5e+14

Cs-137

2.1e+11

Sr-90

7.2 e+9

Am-241

8.0 e+10

Ra-226

10.0e+9

Half Life (years)
5.27
30
29.1
432
1600

4.0 Results and Discussion
The assessment results for the calculated annual effective peak dose for liquid releases for a receptor dwelling around an
abstraction well 4km away from the repository for ingestion of water from the abstraction well is presented in fig. 6;
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Annual Effective Dose (Sv y-1)

Annual Effective Dose to Receptor @ 4km
1.00E-03
1.00E-05
1.00E-07
1.00E-09
1.00E-11
1.00E-13
1.00E-15
1.00E-17
1.00E-19
1.00E-21
1.00E-23
1.00E-25
1.00E-27
1.00E-29
1.00E-31
1.00E-33
1.00E-35
1000

Co_60
Sr_90
Cs_137
Ra_226
Pb_210Ra
Po_210Ra
Am_241
Np_237Am
U_233Am
Pa_233Am
Th_229Am
10000

100000

1000000

Time (Years)

10000000

ICPR Dose Constraint of
0.3mSv/y

Figure 6: Calculated Dose from the Radionuclides at 4km from the Repository
From the figure, the peak dose of 3.52E-25mSv/y from long-lived Po-210, a daughter of Ra-226 occurs around 9300 years. This
peak dose as compared to the ICRP dose constraint of 0.3mSv/y is insignificant. Variant calculations for shorter distances at
200m and 1km from the repository were considered. The results of which have been shown in the following figures;
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Annual Effective Dose to Receptor @ 200m
1

Co_60

0.01
Sr_90

0.0001
Annual Effective Dose (Sv y-1)

1E-06

Cs_137

1E-08
1E-10

Ra_226

1E-12

Pb_210Ra

1E-14
Po_210Ra

1E-16
1E-18

Am_241

1E-20

Np_237Am

1E-22
1E-24

U_233Am

1E-26

Pa_233Am

1E-28
1E-30
1000

Th_229Am
10000

100000

1000000
ICRP Dose Constraint;
0.3mSv/y

Time (Years)

Figure 7: Calculated Dose from the Radionuclides at 200m from the Repository
From fig. 7, the peak annual effective dose of 1.05E-18mSv/y from Po-210 occurs around 9300 years. Compared to the ICRP
dose constraint of 0.3mSv/y, the peak dose is about 14 orders of magnitude less than the dose constraint.
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Annual Effective Dose (Sv y-1)

Annual Effective Dose to Receptor @ 1km
1.00E-03
1.00E-05
1.00E-07
1.00E-09
1.00E-11
1.00E-13
1.00E-15
1.00E-17
1.00E-19
1.00E-21
1.00E-23
1.00E-25
1.00E-27
1.00E-29
1.00E-31
1.00E-33
1.00E-35
1000

Co_60
Sr_90
Cs_137
Ra_226
Pb_210Ra
Po_210Ra
Am_241
Np_237Am
U_233Am
Pa_233Am
Th_229Am
10000

100000

1000000
ICRP Dose Constraint of
0.3mSv/y

Time (Years)

Figure 8: Calculated Dose from the Radionuclides at 1km from the Repository
From fig. 8, the peak annual effective dose of 3.36E22mSv/y from Po-210 occurs around 9300 years.
Compared to the ICRP dose constraint of 0.3mSv/y, the
peak dose is about 18 orders of magnitude less than the
dose constraint.
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