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SPECIAL BOTB TO VISITORS 

Vaalputs will be open to the public during the first week in 
September each year when 1IUCOR Scientists will be available to 
conduct visitors over the site. It should be noted that visits 
will be by appointment only and that no overnight camping will be 
permitted. 

Visitors are requested to note that the Vaalputs Radioactive Waste 
Disposal Site is being developed as a nature conservation area and 
no specimens of flora and fauna or rock samples may be removed 
without written permission. 

Observe speed limits, keep to designated roads and tracks and do 
not litter. 

All enquiries should be directed to The Manager: Geology 
Department, Nuclear Development Corporation of S A (Pty) Ltd., 
Private Bag X256, Pretoria, 0001. 
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SAMEVATTING 

'n Aanbeveling van 'n spesialis-studiegroep dat die Staat 'n 
program begiu om *n gesklkte terrein of terreine vir die 
opberging/vegdoening van radioaktiewe afval in Suid-Afrika te 
vind, is in 1978 aanvaar. 'n Terreinkeurprogram is dus van 
stapel gestuur wat in Februarie 1983 op die aankoop van drie 
plase, Garlng, Geelpan en Stofkloof ongeveer 100 km 
suid-suidoos van Springbok in die noordwes-Kaap, uitgeloop 
het. Die terrein, bekend as Vaalputs, is ongeveer 10 000 ha 
groot. 

Gedetailleerde geologiese, geofisiese, geohidrologiese, 
geobotaniese, geomorfologiese en omgewingstudies is voltooi, 
met die klem op die Geelpanblok wat voorheen as die geskikste 
opberggebied voorgestel is. Die finale terrein van 0,5 x 
0,7 km is nou gekies. 

ABSTRACT 

A recommendation by a specialist study group that the State set 
in motion a program to locate a suitable site or sites for the 
storage/disposal of radioactive waste in South Africa was 
accepted in 1978. A site-selection program was therefore duly 
Initiated and in February 1983 culminated in the purchase of 
three farms, Garing, Geelpan and Stofkloof, some 100 km 
south-southeast of the town of Springbok in the northwestern 
Cape. The site, known as Vaalputs, is about 10 000 ha in 
extent. 

Detailed geological, geophysical, geohydrological, 
geobotanical, geomorphological and environmental investigations 
have been completed, with emphasis on the Geelpan Block, 
previously recommended as being the most suitable area for a 
disposal site. The final site of 0,5 x 0,7 km has now been 
selected. 
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1. INTRODUCTION 

The establishment of a specialist study group on "Radioactive 
Waste Management Alternatives for Commercial Nuclear Power in 
South Africa" in 1977 resulted in a recommendation in 1978 that 
the State set ia motion a program to locate a suitable site or 
sites for the storage/disposal of radioactive waste in South 
Africa. 

As a result of this recommendation, a Steering Committee was 
established in 1978 to assume overall responsiblity for the 
investiga- tions. Two Working Groups and a Study Group were 
also formed. 

The site-selection program, for which the Nuclear Development 
Corporation of South Africa (Pty) Ltd (previously the Atomic 
Energy Board) has accepted responsibility, was formulated as 
follows: 

An initial SCREENING PHASE, based on the evaluation of all 
relevant criteria, leading to the identification of potentially 
suitable areas by mid 1980. 

A SITE SUITABILITY PHASE involving initially regional and 
subsequently detailed geological, geohydrological and related 
studies in the areas identified by the Screening Phase by 
December 1982. 

ACQUISITION of a suitable property by February 1983. The 
site is situated in the District of Namaquaiand on adjoining 
portions of the farms Vaalputs (portion 1, Geelpan and portion 
2, Garing) and Bokseputs (portion 1, Stofkloof; and is about 
10 000 ha in extent. It is located between 18° 30' and 18° 37' 
east and 30° 05' and 30° 10' south, as shown on the topographic 
map 3018BA Norabees in the 1:50 000 series. 

A SAFETY AND SITE EVALUATION PHASE involving the safety 
assessment and conceptual modelling of a particular site 
according to acceptable international norms, followed by the 
licensing of the site. The safety and site evaluation phase Is 
currently in progress. 

The investigations to date have been concerned with the 
selection of a site for the burial of only intermediate and 
low-level radioactive waste and therefore the work has not been 
directed towards the acceptance of high-level waste. Such 
Investigations are only due to commence in 1988. 

Geological Investigations indicated that the site for the final 
disposal of the low-level waste should be confined to the 
GeelpaE Block which Is an area 2 x 2 km in size and is 
situated in the central portion of the farm Geelpan. From both 
the geophysical and drilling data the Geelpan Block met the 
necessary criteria as it contained surflcial material of the 
desired thickness of not less than 10 a, suitable 
geohydrological properties and a seismic velocity of less than 
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1 500 m/s in places which defined the upper limit of 
rippability. 

As the area of the disposal site was to be much smaller, i.e. 
about 0,6 x 0,6 km, a portion having the dimensions of 1 x 1,6 
km mostly within the Geelpan Block was selected which straddled 
a dune over which intensive geophysical surveys were conducted 
in order to facilitate the final selection of a site within 
that area. 

On 5 July 1984 the Steering Committee on Radioactive Waste 
Disposal approved recommendations regarding the location of the 
final disposal area having the dimensions of 0,5 x 0,7 km. 
This area is now referred to as the Vaalputs Radioactive Mute 
Disposal Site, and its locality is shown in Figure 3. 

2. SOCIO-ECONOMIC CONSIDERATIONS 

Apart from the geological parameters, the selection criteria 
which were considered In the Screening Phase study and which 
were felt to cover the safety requirements of both waste forms 
include: 

Rainfall and groundwater recharge 
Seismic hazard probability 
Mineral potential 
Agricultural production 
Population density 
Corrosion by groundwater 
Ecologically sensitive areas 
Surface and groundwater hydrology 
Growth potential 
Political boundaries 

Figure 1 is a synthesis of all the screening-phase data. From 
these, three regions emerged that are potentially suitable for 
the disposal of radioactive waste, namely the Kalahari, north 
of Upington; the Rlchtersveld, east of Alexander Bay; and the 
Bushmanland Plateau, east of Springbok. 

Some of the more pertinent factors considered are discussed 
below. 

2.1 Population Density 

The nearest population centres within a 100 km radius of 
Vaalputs are Nababeep, Concordia, O'Kiep, Springbok, 
Kamleskroon, Garies and Kliprand, none of which has more than 
8 500 Inhabitants. The estimated population within that radius 
is about 15 000 people, concentrated mainly in the 
abovementloned towns. Within a radius of 2i km the estimated 
population is about 50 people. 

7.1 Mineral Potential 

The geological investigations indicate that within a radius of 



I 
I 
] 
1 
] 
I 
] 

PER-84-3 

25 km of Vaalputs there are no mineral deposits of economic 
value. The nearest known deposits are base metals in the 
Springbok and Kliprand areas. The latter is about 70 km south 
of the site and is not yet being exploited. Tne large copper 
mines are situated in the Springbok district, approximately 
100 km to the northwest. 

2.3 Agricultural Production 

The only agricultural activity within a 25 km radius of 
Vaalputs is sheep farming which, because of a prolonged severe 
drought (+ 7 years), is at present in decline. The sheep are 
free-ranging and unherded. At the time of writing the carrying 
capacity was considered by the local agricultural organisations 
to be one sheep per 9,5 ha and one head of cattle per 27 ha. 

2.4 Climate 

Vaalputs is located on the Bushmanland Plateau, which generally 
experiences stable, antlcyclonlc weather conditions throughout 
the year. Temperatures are extreme, sometimes exceeding 40 °C 
during the day and often dropping to below 0 °C at night. 

During winter, coastal lows and cold fronts cause westerly 
winds to blow and as a result, Vaalputs is in a rain-shadow 
area. In the summer months convective precipitation is 
Inhibited by the lack of moisture in the easterly winds. 
Vaalputs is situated in the transition zone between summer and 
winter rainfall and data indicate a tendency towards 
precipitation during the summer months. The mean annual 
rainfall and evaporation for this area is 74 mm and 2 100 mm 
per annum respectively. 

2.5 Ecology 

The area is sparsely vegetated with shrubs, succulents, woody 
perennials and grass typical of semi-desert areas. The paucity 
of vegetation and livestock limits the possible pathways of 
radioactivity to man. Borehole water, which is used primarily 
for watering stock, is almost invariably not potable for human 
consumption. 

3. PHYSIOGRAPHY 

Vaalputs is situated on the western portion of the featureless 
Bushmanland Plateau at an elevation of about 1 000 m above mean 
sea level. The age of the plateau surface is correlated with 
the African erosion cycle spanning the period from the Upper 
Cretaceous to Middle Tertiary (70 to 20 Ma). No active 
drainages exist and large areas have internal drainage systems 
with stream courses ending in depressions or pans. Most of the 
valleys are filled with either alluvium or aeollan sand. The 
eastern portion of Vaalputs is characterised by low-amplitude 
fossil sand dunes which strike in a northeasterly direction. 
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4 . GENERAL GEOLOGY 

4.1 Basement Rocks 

The main basement rock types, both outcropping and 
suboutcropping in the vicinity of Vaalputs, are the Norabees 
granite (Figure 2), basement granite gneisses, and smaller 
noritoid bodies which all constitute part of the 1 050 Ma 
Namaqualand Metamorphic Complex. The Norabees granite is the 
main rock type underlying Vaalputs and it is a flat-lying body, 
but slightly folded into a synform. Four phases of deformation 
have been recognised. 

In the east, the area is covered by the Karoo Sequence and in 
particular the Dwyka Tillite Formation of Carboniferous age. A 
large number of kimberlitic pipes, diatremes, and melilite 
basalt plugs of Tertiary age intruded into the basement rocks. 
A melnoite pipe related to the kimberlitic intrusions was 
detected by the airborne INPUT survey (section 6.1) on 
Stofkloof and subsequently drilled down to 220 m without 
Intersecting its base. It is a volcanic vent, about 300 m in 
diameter, that has been filled with volcanoclastic sediments of 
which more than 100 m are rich in organic matter and sulphides. 

The most prominent lineaments and faults in the Namaqualand 
Metamorphic Complex are orientated approximately northwest and 
east-west. Airborne geophysical surveys detected a number of 
linear features bisecting the Vaalputs area which could be 
interpreted as major faults. Detailed follow-up ground 
resistivity surveys failed to detect these lineaments, and 
although the evidence is inconclusive, the absence of marked 
electrical conductors does indicate that major open fractures 
probably do not occur, which suggests that they have, in 
places, been annealed and therefore may have limited water 
storage capacity. 

No known seismic activity has occurred in the area and 
indications are that the area has not been seismically active 
lor at least the last 35 million years, which is the age of the 
last known Igneous intrusions. There are records of minor 
seismic activities about 30 km to the south along the east-west 
Platbakkies lineament. 

At this stage it appears that these basement rocks are suitable 
for the emplacement of high-level wastes at depth. Although 
some faults exist in the area they are, according to the 
present state of knowledge, in places at least 1 to 2 km apart 
and hence several potentially suitable sites may exist which 
are devoid of major fracturing. 

4.2 Surficial Rocks 

The requirements for the South African low-level waste 
repository are that (1) the trenches should be located in 
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surflcial material of at least 10 m in thickness, (2) the 
material should be rippable (i.e. have a seismic velocity of 
less than 1 500 m/s), and (3) should be such that the "bath-tub 
effect" *ill not occur. 

Surficial cover is ubiquitous over most of the featureless area 
of the Bushmanland Plateau and in the vicinity of Vaalputs it 
forms part of a large palaeo-alluvial fan of Mid Tertiary age 
which radiates eastward from the Kamiesberg. At Vaalputs the 
thickest succession occurs in a depression known as the 
Vaalputs Basin (Figure 3), with maximum development occurrin 
near the burial site, where it attains a thickness of 30 m in 
places. 

The lithology of the surficial material was determined from 
percussion, auger and airflush drilling and generally consists 
of 0,5 to 1 m of partially ferruginised aeolian sand; 1 to 5 m 
of calcrete with some silcrete modules; 15 to 20 m of fluvial 
red to greyish clay grit and gravels with ferruginous and 
calcrete nodules; and 0 to 15 m of in situ white 
kaolinitic/montmorillonit.ic clay derived from the underlying 

Norabees granite. The white clay formed in a very wet period 
during the Upper Cretaceous about 70 million years ago. 

The clay and silt material (< 45 ym) constitutes up to 39 % of 
the surficial material and it is this material that is expected 
to play a major role in the behaviour of radionuclides. The 
mean volumetric composition of the clay fraction is 46 X 
smectite, 32 X illite and 21 X kaolinlte. The smectite and 
kaolinlte contents generally increase with depth at the expense 
of illite but smectite, however, increases at a higher rate 
than kaolinite. In the vicinity of basic igneous bodies, 
smectite predominates and kaolinlte virtually disappears. 

The diamond-bearing potential of the gravels of the Vaalputs 
Basin was evaluated by De Beers Ltd, which found no diamonds. 

5. DRILLING 

Three drilling programs have been completed which have been 
used: (1) to determine the llthology of the surficial 
sediments, (2) to collect samples, (3) for geohydrologlcal 
studies, (4) to Investigate geophysical anomalies and (5) for 
water resource assessment. 

5.1 Percussion Drilling 

104 holes totalling 3 167 m have been drilled for lithological 
purposes and 20 holes totalling 1 543 m were drilled for water 
resource assessment. 11 holes Intersected water with yields 
greater than 500 I /h pumping capacity. Therefore the success 
rate for locating groundwater Is approximately 55 X which is 
well above the 25 X average for the Bushmanland Plateau. 11 
holes totalling 947 m were drilled to Investigate geophysical 
anomalies. 
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5.2 Auger Drilling 

16 large-diameter (900 mm) holes totalling 186 m were drilled 
for obtaining undisturbed samples for geohydrological studies 
as well as providing direct access into the surficial sediments 
for mapping purposes. 

5.3 Airflush Drilling 

20 core drill holes totalling 689 m were drilled through the 
surficial material into the basement Norabees granite in order 
to obtain in situ undisturbed sairples for geohydrological 
studies as well as lithological evaluation. 12 small diameter 
(55 mm), non-cored holes totalling 246 m were drilled for the 
purpose of inserting aluminium tubes for moisture 
determinations using a neutron meter. 

6. GEOPHYSICS 

Detailed airborne and ground geophysical surveys were conducted 
over Vaalputs and surrounding areas in order to make an 
assessment of the basement granites and gneisses underlying the 
surficial sediments and the thickness of the latter. 

6.1 Airborne Geophysics 

Airborne geophysical investigations commenced by studying 
airborne magnetic and radiometric maps available from both 
private and State organisations. These maps used to supplement 
the socio-economic considerations in the final selection of the 
Vaalputs site. Three detailed airborne surveys were 
subsequently conducted over a 450 to 2 000 knr area centred 
around the Vaalputs disposal site, and included magnetics, 
INPUT and thermal infrared line scanning. 

Aeroaagnetlc Survey 

The detailed aeromagnetic survey over an area of 2 000 km? 
was undertaken with the object of providing data for a 
comprehensive interpretation aimed at resolving small magnetic 
features, such as noritoid intrusives, kimberlitic pipes and 
faults. The lineaments have, in general, weaker magnetic 
responses than the surrounding rock because of the differential 
weathering of the magnetic minerals due to groundwater 
intrusion along the fault. Evaluation of the data shows that 
it is possible to define in a rudimentary way the potential 
water-bearing compartments along the fault. Modelling of this 
data Is still in progress. 

INPUT Survey 

INPUT is an anacronym for Induced Pulse Transient, which is a 
towed-blrd, time-domain airborne electromagnetic system. The 
major aims of this survey were (1) to identify additional 
possible kimberlites and breccia pipes that do not have 
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magnetic responses, (2) to delineate the thickness and lateral 
extent of the surficial layer, and (3) to identify other 
bedrock conductors such as aquifers or massive sulphide bodies. 

In the Vaalputs area several unknown buried kimberlitic and 
breccia pipes were identified. No massive sulphide deposits 
were discovered. The most useful aspect of the INPUT survey 
has been the identification of bedrock conductors that are 
associated with possible fault-related aquifers; in addition 
there is a good correspondence between these anomalies and 
those detected by ground resistivity. 

Thermal Infrared Line Scanning 

Thermal infrared line scanning surveys (TILS) have been found 
useful in providing geological information regarding areas of 
outcrop and suboutcrop, scree, and talus accumulations, and 
thickly and thinly soil-covered areas. Of particular 
importance is the ability of the technique to detect subtle 
changes in soil moisture content. Zones of moisture build-up 
often indicate underlying structural disturbances which could 
prove very useful in groundwater exploration. 

The objectives of the TILS survey over the Vaalputs area were: 
(1) to interpret lineament trends,(2) to demarcate areas having 
possible economic significance, and (3) to delineate areas of 
moisture accumulation. 

The resultant product looks much the same as a normal black and 
white aerial photograph, except that the grey tones represent 
radiant temperature differences. Thus the light tones are due 
to high-radiance (hot) materials or objects, i.e. a lack of 
moisture, while the dark tones represent low-radiance (cool) 
materials or objects, i.e. an abundance of moisture. 

Zones of abundant moisture covering the survey area all have an 
elongated NNE or NE direction, which conforms with the general 
strike of the sand dunes, foliation and certain structural 
lineaments. This particular orientation of the moisture zones 
is probably a result of moisture accumulation within the 
troughs between the sand dunes, while the direction of the sand 
dunes could be controlled by the NE structural trends and 
prevailing wind direction. 

Comparison of the water table depth beneath ground surface with 
the TILS imagery shows some correlation between moisture zones 
and a shallow water table. The general overview of the thermal 
Imagery Indicates a dry zone extending diagonally across 
Geelpan from the southwest corner to the northeast corner, with 
another dry zone extending from the central region 
southeastwards. This trend corresponds favourably with those 
areas having deeper water table levels. It is within these 
"drier" zones that the waste disposal site has been located. 
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6.2 Ground Geophysics 

Resistivity Survey 

The extensive resistivity program was conducted to outline 
basins of weathering, to delineate faults and aquifers, and to 
provide additional data on the lithology and thickness of the 
surficial sediments. 

Magnetic Survey 

A magnetic survey was conducted on the same grid over the but 
extending an additional 500 m out from its perimeter. This 
survey was undertaken to provide detailed information of the 
basement geology underlying the surficial sediments of the 
burial site. 

7. GB0HYDR0LOGY 

7.1 Nature of the Aquifers 

The main aquifers on Vaalputs and environment are fractures in 
granites and metasedlments of the Namaqualand Metamorphlc 
Complex and also the contacts between these rocks and 
lntrusives such as basalts, norltoids and klmberlites. 
Therefore fracture flow plays the dominant role in the movement 
of groundwater on Vaalputs. Geophysical evidence indicates 
that some of the large fractures become annealed at selected 
places along their strike and this has the effect of forming 
closed water compartments. The annealed zones are closed by 
sllicification of the brecciated material. Situations of this 
nature complicate the evaluation of the water resources and 
geohydrologlcal modelling of Vaalputs. The overlying Dwyka 
Tllllte Formation in the east, away from the disposal site, is 

i 
I 
I 

Once the airborne geophysical survey had outlined potential 
targets for the disposal site, ground geophysical methods were 
used to evaluate the nature of the surficial material as well 
as structural features in the basement rocks. The techniques 
employed included seismic refraction, electromagnetics, 
magnetics, resistivity and radiometric borehole logging. Only I 
some of these methods will be briefly mentioned. • 

Seismic Refraction Survey I 
The seismic surveys were conducted in two phases, the first 
being conducted on a semi-regional scale (1 km* grid) in _ 
order to outline the extent of the rippable overburden (i.e. I 
seismic velocities 1 500 m/s) having a thickness of more than " 
10 m. The second phase was conducted on a 10 x 100 m grid 
within the 1 x 1,6 km block. From the data it was possible to 
determine the morphology of the basement rocks as well as the 
thickness of the surficial sediments within the disposal site. I 

I 
The resistivity survey was also conducted in two phases, the 
second phase being over the same grid as the seismic survey. I 
Thp PTtPimlvp rpnfisM vf t-v nrncram waft conducted to o u t l i n e I 
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the main sedimentary aquifer of the general region, with the 
groundwater occurring along joints and cleavage planes. 
7.2 Water Sampling 

ij A total of about 800 regional water samples were taken at a 
density of 15 to 30 per km 2 in an area covering approximately 
30 000 km^, which included all the above-mentioned aquifers. J A more detailed survey was conducted over an area of 6 000 
km 2, where every available borehole was monitored, totalling 
about 220 samples. For each groundwater point the following 

1 parameters were measured: 
On site: 

pH, Eh, temperature, conductivity, HCO3 and CO?,-, 
I depth to groundwater 

In the laboratory: 
1 Na +, K+, Ca 2 +, Mg2+, SO?,", Cl~, NO3, F, 
I Al, As, B, Be, Cd, Co, Cr, Cu, Fe, Mn, Mo, Ni, Si, Ti, U, 

V, Zn 
Other parameters include geographical co-ordinates, elevation 
above sea level, and the general geology of the immediate 
vicinity. 
7.3 Regional Geohydrology 
The groundwater depth below surface in general follows the 
topography. In the more mountainous areas of the escarpment 
the groundwater occurs mainly along drainage courses and tends 
to be relatively shallow, occurring at a depth of approximately 
10 m. In the plateau reg'ons the groundwater occurs at depths 
of up to 60 m (Figure 4), especially where there is a 
significant thickness of surficlal cover, as is the case with 
the aquifers underlying the Vaalputs Basin. 
The groundwater drainage basins, viz. the Koa, 01.1 fants and 
Buff els basins, and their corresponding watersheds were ii educed 
from the water-level elevations above mean sea level. The 
Vaalputs Radioactive Waste Disposal Site is located 
approximately 15 km to the northeast of the triple junction of 
the watersheds and falls within the Koa drainage basin. This 
area is topographically one of the highest points in the region 
and therefore void of a hinterland catchment area, which 
precludes the possibility of flooding and endangering the 
repository. 
7.4 Hydrogeochemistry 
To date, only preliminary hydrogeochemical interpretations have 
been completed. The conductivity provides a good indication of 
the total dissolved solids (TDS), which is dependent upon the 
rates of recharge and groundwater flow. In general, it has 
been found that in the escarpment the TDS Is lower, compared 
with the higher TDS on the plateau in the east where the 
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7.5 Hydrogeochronology 

In broad terms these ages Indicate that the rate of groundwater 
recharge Is exceedingly slow. However, It is difficult to 
determine the absolute age of the groundwaters as uncertainty 
exists as to whether the waters occur in isolation or whether 
they could be mixtures of two or more aquifers. Certain 
aquifers occur in kimberlites and their ages tend to be hig.1, 
in excess of 9 000 years. As the «mrficlal cover thickens to 
the south of Vaalputs, the groundwaters tend to become older, 

with ages up to 14 700 years having been measured. 

Tritium analyses on the groundwater were done to determine 
whether there has been any recent recharge of the aquifers. 
With the exception of one example which occurs in alluvium of a 
drainage channel, no tritium was found, indicating that since 
1953 no nuclear bomb-derived tritium in the surface water has 
reached the groundwater. 

7.6 Site-Specific Geohydrology 

The geohydrology of the repository is being evaluated in two 
parts: (1) the unsaturated zone, i.e. rocks situated above 
the water table, which include the sediments of the Vaalputs 
Basin and the upper portions of the underlying Norabees 
granite, and (2) the saturated zone, i.e. those rocks 
occurring below the water table, which are the Norabees granite 
and possibly metasedimentary xenoliths. 

Of the low-level radioactive waste to be produced from the 
Koeberg nuclear power station, ^Co, ^"Sr, 1 3 7 C s , and 
238u a r e t h e key isotopes involved. The evaluation of the 
ability of these radionuclides to migrate into the environment 
surrounding Vaalputs requires that both the unsaturated and 

'i 
I 

rainfall is much lower. The chlorides (Figure 5) and sulphates 
follow similar patterns, but no simple flow model can be 
deduced from this data, which is probably due to the effects of 
the localised deep weathering of the granites and the presence 
of fractures. The trace elements such as uranium and the base .-
metals were analysed with a view to locating hidden ore [1 
deposits not expose'* on the surface. After correlating the 
regional data with known mineral occurrences, it was found that 
the latter were detected as well as anomalies with no known 
mineral associations. In the immediate vicinity of the 
disposal site no mineral occurrences were detected. One of the 
most useful trace elements is uranium as its distribution not 
only detected uranium occurrences within the region but also 
outlined the distribution of the Norabees granite beneath the 
surficial cover. 

II 
Ï 

Ï 
Groundwater samples were taken in the vicinity of Vaalputs lor M 
stable ( 1 80 and 1 3 C ) and radioactive ( 1 4C and 3H) | 
isotope analyses. The -^C ages determined on groundwater 
samples from the immediate vicinity of the disposal site are of _ 
the order of 10 000 years (Figure 5). D 

I 
I 
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saturated zones should be modelled. In broad terms the model 
requires: 

(1) Estimation of a source term, which is a measure of the 
amount of radioactivity that can be leached from the 
containers in a trench, taking into consideration such 
factors as accidental breakage and corrosion of the drums. 

(2) A percolation factor must be determined that will account 
for the amount of rainfall and run-off that may enter the 
trench, and the potential evapotransplration. 

(3) Once the percolation factor can be estimated, the fluid 
flow and mass transportation characteristics of both the 
fluid carrying the radionuclides and the host sedimentary 
material should be determined. 

(4) The final calculation is the determination of the Impact 
on man of the released radionuclides that could enter the 
biogenic cycle through the groundwater. 

Computer modelling of the site is still in progress and will be 
an on-going program. 

Unsaturated Zone 

The unsaturated zone situated below the proposed trench is 
being investigated. Of particular importance are the 
determinations of the hydraulic conductivity, hydrodynamic 
dispersion coefficients (which include dispersivity tensors), 
distribution coefficients and soil moisture determinations. 
The hydraulic velocity is being determined from both field and 
laboratory studies and is derived from water retention curves, 
saturated soil moisture content, and saturated hydraulic 
conductivity of each layer of the surflcial material profile. 
In addition, the verification of the model requires that the 
spatial variation of the moisture content in the soil be 
monitored over the region. These measurements are being made 
down to a depth of 12 m using a neutron probe. Because of the 
very arid climate of the Vaalputs environment, it has not been 
possible to make any accurate assessments of the percolation 
factor using either the water balance method or field 
irrigation studies because the very high potential evaporation 
by far exceeds the precipitation. In order to overcome this 
limitation to the model, tritium determinations down the 
sedimentary succession have been carried out. However, the 
data indicate that "young" or recharge water seldom reaches 
lower levels, as shown in Figure 6, although it could do so 
through cracks frequently observed In the surflcial sediments. 

Although the modelling of the unsaturated zone Is still In the 
initial stages, It appears that for the prevailing climatic 
conditions and geological environment, the radionuclides are 
unlikely to have any significant radiological impact on man. 
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Saturated Zone 

In the vicinity of the disposal site several potential aquifers 
were drilled, some of which yielded virtually no water, whereas 
others yielded up to 14 000 £/h. Injection tests were 
conducted on those aquifers yielding no water. Although the 
data were still being modelled at the time of writing they will 
provide details on the hydraulic conductivities and storage 
capacities of the respective aquifers. Measurement of the 
groundwater levels above sea level in the vicinity of the 
disposal site has shown that the water table is almost flat, 
having an average depth of 55 m and a gradient of less than 
1:200 which steepens very gradually to the northeast. This 
implies that there is virtually no groundwater flow within the 
immediate area (Figure 7). Salinities around the disposal site 
are high, with total dissolved solids contents up to 5 000 ppm. 

8. LAND SURVEYING 

An extensive in-house land survey program has been completed, 
with co-ordinates and elevations of each survey station being 
determined. 

Using all the available data a topographic contour plan with 1 
m contour intervals was drawn which showed the exact localities 
of the sand dune crests and interdune troughs (Figure 8). This 
facilitated the selection of the disposal site which is 
situated on the crest of a dune, thereby ensuring maximum 
runoff in the event of significant rainfall. In addition, an 
area within an Interdune trough to the north of the disposal 
site has been selected where the trench spoil will have to be 
located. The trough has an approximate volume of 0,6 km 3, 
which is more than 20 times the volume of a trench with 
dimensions 200 m long x 20 m wide x 7 m deep and takes into 
account the bulk volume of the excavated material which 
Increases in volume by a factor of 1,5. 

9 . EXPERIMENTAL TRENCHES 

Four experimental trenches, each 7 m long x 5 m wide x 7 m 
deep, were excavated in the test area located north of the 
fenced burial site. The purposes of this exercise were the 
following: 

(1) To determine the most suitable earthmovlng machinery 
capable of excavating the surficial material on Geelpan. 

(2) To examine the detailed geology of the surficial sediments 
exposed on the large side-walls of the trenches. 

(3) To determine the engineering geological parameters of the 
surficial sediments, i.e. the stability of the exposed 
side-walls to exposure. 

(4) To determine the suitability of the excavated material for 



PER-84-13 

backfilling and capping, in particular the clay content. 

(5) To optimise on a large scale the physical characteristics 
of the surficial sediments selected in (4) e.g. grading and 
moisture contents, as thes. affect the degree of compaction 
and hence the impermeability to surface water percolation. 

(6) To determine the best methodologies for placing and 
compacting the backfilling and capping usii^ the material 
in (4). 

(7) To evaluate the corrosion resistance of buried metal and 
concrete drums. 

(8) To measure the rate of rehabilitation of the ground 
moisture regime in the backfill and cap. 

(9) To determine the most suitable method of rehabilitating the 
natural vegetation on backfilled areas. 

It is realised that these experiments are of a long term nature. 

Of the four trenches, three were backfilled and capped while 
the remaining one has been left open for observation purposes. 
In trench 1 concrete and metal drums, that will be used by 
ESCOM, were buried with a view to re-excavating them in future 
to examine their durability in the arid Vaalputs environment 
over an extended period of time. The backfill consisted of 5 m 
of unscreened material capped with a 2 m thick simple cap 
consisting of fine compacted clay grit having a grain size of 
less than 10 mm and finally covered with 200 mm of red dune 
sand to natural ground level (NGL). The compaction for all the 
caps was done to a moisture content of the clay grit ranging 
between 11 and 13 %. 

Trench 2 was backfilled with the fine uncompacted clay grit 
only and capped with a 2 m thick layered cap. The cap 
consisted of a bottom layer of 740 mm compacted "rolled clay" 
(i.e. course "run of trench" clay grit crushed with a road 
roller to a grain size of less than 37 mm), followed by 900 mm 
of calcrete gravel having particle sizes in the range between 
10 and 37 mm, an upper 600 mm of the compacted fine clay grit 
and finally covered with 200 mm of red dune sand to NGL. 

In trench 3, a 200 mm thick layar of the calcrete gravel, 
covered over with a geofabric, called Bidum, was pi ed in the 
bottom of the trench to act as a sump to collect water that may 
percolate down through the cap and backfilling. The Bidum was 
used to prevent the clogging of the pore spaces In the calcrete 
gravel by the fine clay grit. On top of the sump, disused 
210 metal drums separated ft.*!» each other by 200 mm of the 
fine clay grit and capped with a 2 m layered cap similar to 
that in trench 2. The difference in the caps was that the 
calcrete gravel In this instance was wrapped in Bidum with a 
view to testing the letters strength In the long term under 
collapsing conditions and also Its wlck effect. 
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All the portions of caps below ground level were arched along a 
north-south centre line with slopes of 1:10 on both sides. 
This was done to optimise groundwater runoff away from the 
backfilling. In all three trenches, aluminium pipes for 
neutron meter moisture determinations as well as steel 
compactometers, for determining the rate of natural compaction 
of the trench contents, were positioned during the backfilling 
and capping operations. The elevations of the compactometers 
have been surveyed relative to a local survey beacon to an 
accuracy of less than S mm. 
10. NATURE CONSERVATION 

11. FUTURE ACTIVITIES 

II 
I 
D 
II 

In co-operation with the Department of Nature Conservation of 
the Cape Provincial Administration, a geobotanical survey is in || 
the final stages of completion. The purpose of this project is '• 
to provide data on the distribution of the plant types on 
Vaalputs, which will assist with the long-term planning for the 
rehabilitation of the trench area and the area where the trench 
spoil will be dumped. It is important that the waste dump be 
rehabilitated on an on-going basis in order to limit the amount ,. 
of potential dust pollution. A unique phenomenon is that the II 
populations of certain plant species are confined to particular 
sides of the sand dunes. 

II 

The decision regarding the final locality of the Vaalputs 
Radioactive Waste Disposal Site has been taken but many 
geologically related investigations are still to be completed. 
Some of the investigations are important for risk analysis 
forecasting and are therefore long term and so will continue to j 
well after the first waste has been accepted for burial. • 

Geohydrologlcal Investigations I 
The basic objective of these studies is to obtain data for 
aquifer modelling to make a conservative estimate of the fi 
probability of radionuclides reaching the biogenic cycle and ; 
the eventual uptake of radioactivity by man. In view of the 
heterogeneity of both the unsaturated and saturated zones in 
the vicinity of the waste disposal site, considerably more 
effort will have to be spent on obtaining site-related data 
such that the model can be continuously refined. The 
experience of the French at their De La Manche facility near 
Cherbourg has shown precisely this, and their predictions have ' 
had to be revised towards a less optimistic dispersion 
scenario. The adage that "the truth lies in the water" is very . 
relevant to Vaalputs. 
The work will involve the following: 
(1) Determination of the hydraulic properties of the more 

porous zones (i.e. the gravel layers) in the unsaturated 
zone. It is these layers that will have the maximum t 
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(2) The purpose of the tritium investigation was to assess the 
rate of surface water infiltration into the lower strata. 
However, the work is not entirely conclusive because of the 
short half-life of tritium (12,3 years). Pump testing of 
the groundwater has shown that in places there are 
reservoirs of brack water which have naturally been 
recharged from rainfall at some stage In the recent or 
distant past. In addition, the ages ^ C of the 
groundwater could also be misleading due to mixing of old 
and recent water. Refinements in determining the relative 
and absolute ages of the soil moisture and groundwater will 
have to continue, possibly using both stable and unstable 
Isotope studies. 

(3) In the light of the above, a continuous program of 
monitoring the variations in soil moisture within the 
environment as well as water levels in certain boreholes 
will continue. 

(4) Geophysical investigations and the drilling of faults have 
suggested that the groundwater may occur in compartments in 
the fractures and shear zones. The interconnections 
between the compartments and the transmissivity of the 
fractures in general must be investigated in greater detail 
as it is the groundwater which is the ultimate carrier of 
radionuclides through the environment. The nature of the 
work Involved in these investigations will include 
drilling, pump testing, injection testing, radioactive 
tracing, multiparameter borehole logging, and detailed 
surface and subsurface geophysical surveys. 

(5) Continuous monitoring of water quality in boreholes around 
the bursal site. 

Structural Analysis 

Only a very limited amount of work has been completed on the 
structural framework of the basement rocks in the vicinity of 
Vaalputs and considerable effort will be required for 
forecasting the likelihood of tectonic events occurring in the 
future. In the light of this it will be essential to set up 
seismic stations in order to evaluate macroand microseismicity 
of the region. 

Geotechnlcal Investigations 

(1) The mineralogical and geochemlcal parameters of the 
surflcial sediments as well as those of the underlying 
basement granitic rocks will have to be Investigated in 
more detail, as to date only superficial studies have been 
completed. 

(2) Geochronology and fission track studies of material from 
fault zones and melnolte pipes in the vicinity of Vaalputs 
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will be undertaken in order to determine the date of the 
last tectonic event. 

Diamond Drilling 

To date no deep holes have been drilled and it is the Intention 
to drill at least two holes to about 1 000 • in order to 
evaluate the nature of the rock types at depth. This will also 
provide data on the frequency of horizontal fractures and their 
water-bearing capacities. Up to now it has not been possible 
to determine the attitude of fractures accurately and diaaond 
drilling will assist in this regard. 

Groundwater Resources 

In the event of possible future developments and 
infrastructural requirements at Vaalputs, the evaluation of 
groundwater resources will have to continue on an on-going 
basis. Pump tests have shown that the groundwater is not being 
replenished and is therefore being "mined". The work will 
largely involve geophysical surveys and percussion drilling. 

Nature Conservation 

Nature conservation studies will remain on-going projects in 
order to monitor recovery of the indigenous flora and fauna as 
well as to determine the best way of rehabilitating the trench 
caps and the dump of trench spoil. 

12. CONCLUSIONS 

As a result of additional drilling and the detailed geophysical 
and geohydrological investigations conducted within the Geelpan 
Block, the final site for the disposal of radioactive waste 
with an area of 0,5 x 0,7 km was selected. 

Further investigations will continue which will assist in the 
long-term risk analysis forecasting for determining the 
ultimate radiological impact on man. 
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