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The selection of the Vaalputs site on the arid Bushmanland
Plateau in the northwestern Cape of the Republic of South
Africa for the disposal of low-level radioactive waste was
based on a national screening phase program involving
socio-economic and geological criteria.

Regional geohydrological studies over an area of 27 000 km2

and a detailed study over 1 300 km2 indicated that in general
the groundwater is saline and that Vaalputs and environs was
the most favourable area. The groundwater table lies between
30 and 45 m below the surface, with 1 4C ages between 2 500
and 9 000 years old in the immediate vicinity.

The geology of Vaalputs consists of Proterozoic granites,
gneisses* metasediments, and noritoids of the 1 050 Ma
Namaqualand Hetamorphic Complex. Upper cretaceous kimberlitic
and basaltic intrusions occur locally. Overlying these
basement rocks surficial upper Tertiary to Recent argillaceous
sediments occur in the Vaalputs basin. The sediments consist
of aeolian sand, calcrete, fluvial sandy to gritty day, white
kaolinised clay and very weathered basement rocks. It is in
these rocks that the low-level waste trenches will be located.

Extensive airborne geophysical surveys, such as aeromagnetics,
INPUT, and infrared thermal line scanning, were undertaken to
assist in the evaluation of the regional and local subsurface
geology. Ground geophysical surveys included refraction
seismics, electromagnetics, magnetics, borehole radiometrics
and resistivity.

Geohydrological modelling of the unsaturated and saturated
zones is in progress.
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1. INTRODUCTION

This paper provides a broad outline of the site-selection
program for the South African low-level waste repository being
undertaken by the Nuclear Development Corporation.

South Africa's first nuclear power station at Koeberg,
approximately 30 km to the north of Cape Town, is due for
commissioning this year. The power station consists of two
generating units, each with a generating capacity of 922 MW.
The low-level radioactive waste will be derived from the normal
operations of the reactors and will amount to approximately
2 000 drums annually.

The site-selection program was formulated as follows:

1. An initial SCREENING PHASE, based on the evaluation of
all relevant criteria, leading to the identification of
potentially suitable areas by mid 1980 (Figure 1).

2. 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.

3. ACQUISITION of a suitable property by February 1983.
The site is situated in the District of Namaqualand on
the farm Vaalputs and is about 10 000 ha in extent. It
is located between 18° 30' and 18* 37f east and 30* 05'
and 30° 10' south (Figure 1 ) .

4. 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 are currently in progress.

In the foreseeable future, only intermediate to low-level waste
will have to be accepted, and therefore investigations at this
stage are not being directed towards the acceptance of
high-level waste.

The geological aspects of the investigations are by no means
complete and will continue for some years to come, finally
merging with the HLW disposal studies due to commence in 1988.

2. SOCIO-ECONOMIC CONSIDERATIONS

Apart from the geological parameters, the selection criteria
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considered in this study, and which are 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

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,
Kamieskroon, Garies and Kliprand, none of which exceeds 8 500
people. The estimated population within that radius is about
15 000 people, concentrated mainly in the abovementioned
towns. Within a radius of 25 km, the estimated population is
about 50 people.

2.2 Mineral .Potential

The geological investigations indicate that within a radius of
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. The 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 present in decline. The sheep are
free-ranging and unherded. The carrying capacity is considered
by the local agricultural organisations to be 1 sheep per 9 Ha.

2.4 Climate

Vaalputs is located on the Bushmanland Plateau, which generally
experiences stable, anticydonic weather conditions throughout
the year. Temperatures are extreme, sometimes exceeding 40 *C
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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 rainshadow
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 preference for
precipitation during the summer months. The mean annual
rainfall and evaporation for this area are 74 mm and 2 100 mm
respectively.

2.5 Ecology

The area is sparsely vegetated with shrubs, succulents, woody
perennials and grass typical zf 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 humans.

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
£he African erosion cycle spanning the period from the Upper
Cretaceous to Middle Tertiary. 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 aeolian sand.

4. GENERAL GEOLOGY

4.1 Basement Rocks

The main basement rock type both outcropping and suboutcropping
in the vicinity of Vaalputs is 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
the Vaalputs site 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, diatrernes, and oelilite
basalt plugs of Tertiary age intruded into the basement rocks.

The most prominent lineaments and faults in the Namaqualand
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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
for at least the last 35 million years, which is the age of the
last igneous intrusions.

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 in places at least 1 to
2 km apart and hence several potentially suitable sites 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
surficial 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" will not occur.

Surficial cover (Figure 2) 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, with maximum development occurring near
the burial site where it attains a thickness of 30 m in places
(Figure 3 ) .

The lithology of the surficial material was determined from
percussion and auger drilling and generally consists of 0.5 to
1 m of partially ferrugenised aeolian; 1 to 5 m of calcrete and
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/montmorillonitic clay
derived from the underlying Norabees granite.

The clay and silt material (< 45 ]im) constitute up to 39 X of
the surficial material and it is this material that is expected
to play a major role in the behaviour of radionudides. The



u
- 5 -

mean volumetric composition of the clay fraction is 46 %
smectite, 32 % illite and 21 % kaolinite. The smectite and
kaolinite 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 kaolinite virtually disappears.

5. GEOHYDROLOGY
r

The main aquifers on Vaalputs and environment are fractures in
granites and metasediments of the Namaqualani Metamorphie
Complex as also the contacts between these rocks and intrusives
such as basalts, noritoids and kimberlites. Geophysical
evidence indicates that some of the large fractures pinch out
and swell at selected places along the strike. This has the
effect of forming water compartments which are sealed off by
the pinch-outs at either end. The pinch-outs ere zones which
have been annealed by silicification of the brecciated
material. Situations of this nature complicate the evaluation
of the water resources and geohydrological modelling of
Vaalputs.

The overlying Dwyka Tillite Formation is the main sedimentary
aquifer, with the groundwater occurring along joints and
cleavage planes. À total of about 800 regional water samples
were taken at a density of 15 to 30 per km2 in an area
covering approximately 30 000 km2,• which included all the
abovementioned aquifers. A more detailed survey was conducted
over an area of 6 000 km2 where'every available borehole was
monitored, totalling about 220 samples. For each groundwater
point the following parameters were measured:

conductivity, HCOJ and CO2,",
On-site:

pH, Eh, temperature,
depth to groundwater.

In the Laboratory:
Na+, K+, Ca2+, Mg2*1", S0^~, Cl~, NOJ, F,
Al, As, B, Be, Cd, Co, Cr, Cu, Fe, Mn, Ho, Ni, Si, Ti, U,
V, Zn.

Other parameters include co-ordinates, elevation above sea
level, and the general geology of the Immediate vicinity.

5.1 Regional Evaluation

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, ocurring at a depth of approximately
10 m. In the plateau regions the groundwater occurs at depths
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of up to 40 m, and especially where there is a significant
thickness of surficial cover, as is the case with the aquifers
underlying the Vaalputs sedimentary basin (Figure 4).

The groundwater drainage basins, viz. the Koa, Olifants and
Buffels basins, and " their corresponding watersheds, were
deduced from the water-level elevations above mean sea level.
The Vaalputs repository is located approximately 10 km to the
north of the triple junction of the watersheds but falls mainly
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.

5.2 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 ground water flow. In general, it has
been found that in the escarpment, the TDS is lower, compared
to the higher TDS on the plateau in the east where the 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 some large
fractures. The trace elements such as uranium and the base
metals were analysed with a view to locating hidden ore
deposits not exposed on the surface. After correlating the
regional data with known mineral occurrences, it was found that
they were detected as well as anomalies with no known mineral
associations. The latter anomalies will be investigated in the
future, but in the immediate vicinity of the site no mineral
occurrences were detected. One of the most useful trace
elements is uranium as its distribution not only outlined
uranium occurrences but also roughly delineated the
distribution of the Norabees granite beneath the surficial
cover.

5.3 Hydrogeochronology

Seventeen groundwater samples were taken in the immediate
environment of Vaalputs for stable (180 and 1 3C) and
radioactive (^C and ^H) isotope analyses. The 14C ages
determined on groundwater samples from the immediate vicinity
of the Vaalputs site are in the rangé of 2 400 to 6 570 years
(Figure 5).

In broad terms these ages indicate that the rate of groundwater
recharge is exceedingly slow. However, it is difficult to
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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 high,
being in excess of 9 000 years, which suggests that they occur
in isolation. As " the surficial cover thickens, the
groundwaters tend to become older, 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 table.

5.4 Modelling

Of the low-level radioactive waste to be produced from the
Koeberg nuclear power station, 60Co, ^Sr, 1 3 7Cs, and
2 3 % are the key isotopes involved.

Methodology

The evaluation of the ability of these potential radionuclides
to migrate into the environment surrounding Vaalputs requires
that both the unsaturated and 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 evapotranspiration.

(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. Estimates of these last two
parameters are being derived using the following equations:

Fluid Flow
SDtH - V . [K. V H]

H • total head • sum of capillary head h and gravitational
head z

S » storage coefficient - (6/n) a'+ 60*+ D h9 (h)
IC • hydraulic conductivity tensor
3 • moisture content
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n » porosity
a'» 3** constants
Dt • time derivative

Mass Transport
RdDt(ec)- V.I6D. Vc] +*V (a.c)+(a'BdDth +

(l-i- Pkd/n)
concentration of dissolved solid
dispersivity tensor

£ -K. VH the Darcy flux
\ « radioactive decay constant
<j distribution constant

p * density of solute

(4) The final calculation is the determinations of the
impact on man of the released radionudides that could
enter the biogenic cycle through the groundwater table.

Unsaturated Zone

The unsaturated zone immediately above and below the proposed
trench is being investigated. Of particular importance are the
determinations of the hydraulic conductivity, hydrodynamic
dispersion coefficients (which include dispersivity tensors)»
and distribution coefficients. The hydraulic conductivity is
being determined from both field and laboratory studies and is
derived from the water retention curve, saturated soil moisture
content, and saturated hydraulic conductivity of each layer of
the surficial 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 25 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 does reach lower levels, as shown in
Figure 6, and the mechanisms for this phenomenon are not
understood at present.

Some typical site-specific geohydrological
surficial sediments are given in Table 1.

data for the
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TABLE 1
Typical Site-Specific Geobydrological Data for Vaalputs

Kd Values
60Co
90S r

1 500-2 400

Cs 60-600
238u i_9
The clays have certain exchange capacities of up to 30 meq, the
general order of exchangable rations being Ca>Mg>Na>K.

Moisture analyses Tritium
range 3-28 % range
average 9 %

Permeabilities
0-8 TU Brown weathered

granite
3 x 10"6 m/s
In_ situ kaolinised
granite
4 x 10~ 1 0 m/s

Dispersion Coefficients

Brown weathered granite 5 x 10~6
In situ kaolinised granite 3 x 10" 1 1

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.

Saturated Zone

The different types of aquifers in and around Vaalputs have
already been discussed. At present they are all still under
investigation using several geophysical techniques, such as
electromagnetics, magnetics and resistivity. Once the aquifers
have been outlined, they will eventually be drilled and pump-
or injection-tested, from which the hydraulic conductivities,
dispersivifies and storativities will be determined.
Piezometric and water-level measurements will be made over an
extended period for verification purposes.

6. AIRBORNE GEOPHYSICS

Airborne geophysical investigations commenced by studying
airborne magnetic and radiometric maps available from both
private and State organisations which were 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 km? area centred
around the Vaalputs site, and included magnetics, INPUT and
thermal infrared line scanning.
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6.1 Aeroaagnetics

The detailed aeromagnetic survey over an area of 2 000 km2

was undertaken with the object of providing data for a
comprehensive interpretation aimed at resolving small magnetic
fractures» such as notitoid intrusives, kimberlitic pipes and
faults. Good digital data were obtained from which minor
anomalies were enhanced by computing the vertical magnetic
gradient.

In order to achieve these objectives, the following general
specifications were used:

Magnetometer sensitivity
Noise envelope
Line spacing
Tie-lines
Flying altitude

0.25 nT
0.5 nT
300 m
1 200 m
150 m

A ground magnetometer of similar performance was used to
measure the diurnal variations of the magnetic field.

The lineaments have, in general, weaker magnetic responses
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.
Magnetic modelling of the data is in progress.

6.2 INPUT

INPUT is an anacronym for Induced Pulse Transient which is a
towed-bird, time-domain airborne electromagnetic system. Short
pulses generated from an aircraft induce an electromotive force
(emf) in nearby conductors, the magnitude of which is
proportional to the time rate-of-change of the primary magnetic
field of the conductor. This emf causes eddy currents to flow
in the conductor with a characteristic decay which is a
function of the conductivity, size, and shape of the
conductor. The decaying currents generate a proportional
secondary magnetic field, the amplitude of which is measured at
six intervals after transmitter switch-off.

The major aims of this survey were (1) to identify possible
kimberlites and breccia pipes, (2) to delineate the thickness
and lateral extent of the surficial layer and (3) to identify
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other bedrock conductors.

A total of 1 834 line kilometres were flown at a line spacing
of 250 m and at an altitude of 120 m; lines were flown in a
north-south direction with three tie-lines being flown
east-west.

Installed in the aircraft was the following equipment:
Barringer MARK V INPUT electromagnetic system,
Geometries G-803 Proton Precession Magnetometer.

The interpretation techniques relied mainly on a qualitative
review of the data and took into account the following factors:

shape and size of the INPUT anomalies
strike length and degree of isolation of the conductor
associated geophysical parameters such as aeromagnetics
variation of response characteristics within a mapped
conductor

- the geological environment and the response of the system
to known mineralisation within the environment.

Conductors delineated by this survey were separated into
categories based on their probable origins, namely bedrock,
surficial and cultural.

The term cultural is used for those conductors thought to be
due to any man-made construction. These are responses due to
fences, telephone and power lines, etc.

Surficial conductors refer to sources in the overburden, or in
the weathered portion of the bedrock. The majority of the
anomalies in this area are surficial in nature and are mainly
due to clay layers in the surficial material.

Bedrock conductors refer to those anomalies originating from
deeper-seated sources such as massive sulphides, graphite and
magnetite. Also classified as bedrock conductors are fault or
shear zones which may contain conductive (brackish)
groundwater. The clay layer found overlying kinberlite pipes
should actually be considered a surficial source, but this too
is placed in the bedrock category since it does reflect a
bedrock target.

In the Vaalputs area several unknown buried kimberlitic and
breccia pipes were identified, none of which contain diamonds.
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.
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6.3 Thermal Infrared Line Scanning (TLC)

Thermal infrared line scanning surveys 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. Structural information in areas
where soil cover is not excessive is frequently well displayed,
and features such as joints, fractures, faults and dykes can
readily be.mapped. 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 TLC survey over the Vaaputs area were
(1) to interpret lineament trends, (2) to delineate areas of
moisture accumulation, (3) to demarcate areas having possible
economic significance, and (4) to delineate suitable
radioactive waste disposal sites.

The RS-25 thermal infrared line scanner used was an airborne
electro-optical system capable of mapping temperature patterns
in a ground scene by recording the thermal infrared radiance
(kinetic temperature and emissivity) of surface materials
between wavelengths of 3 to 14 u^m. This system has the
capability of recording very subtle (0.15 *C) radiation
differences generated by a ground scene.

During a survey the electrical signals produced by the
detectors are recorded on magnetic tapes, which are later
processed under controlled laboratory conditions to produce a
70 mm negative film. From these, photographic prints are
produced for interpretation.

The resultant product obtained 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,
while the dark tones represent low radiance (cool) materials or
objects.

The optimum flying time for surveys was pre-dawn once thermal
conditions have stabilised, thus enhancing thermal differences
during a period of least turbulence. This minimised aircraft
instability and resultant image distortion. Surveys were not
conducted during the day as solar heating creates a uniformity
in the temperature pattern of the ground scene. Differential
cooling rates between ground scene objects enhance
compositional contrasts progressively from sunset to sunrise.
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The TLC survey was conducted over an area of 450 km2

containing 26 east-west flight l ines , each approximately 24 km
in length, at a height of 500 m above mean ground level .

The regional interpretation included the delineation of:
(1) cultural features, such as farm fences and

windmills,roads/tracks, reservoirs,
and, thermal beacons;

farm homesteads

(2)

(3)

geomorphological features, such as permanent sand-dune
traces, recent wind-blown sands and pans;

geological features, such as the distinction between
the various outcropping lithologies, areas of
suboutcrop, areas containing Dwyka tillite float,
geological trend lines (e.g. circular features) and
foliation trends (including folding) within the granite
and raetasediments; and

(4) thermal-low radiance trends representing the relative
degree of moisture within the surficial alluvial cover.

Apart from cultural, geomorphological and geological features,
the thermal low-radiance trends are particularly important in
the siting of a low-level waste repository.

The fina sensitivity of the thermal infrared line-scanner in
measuring difference in radiation of 0.15 °C, is particularly
useful in detecting subtle soil moisture contents.

In general, moisture zones are associated with a high
intersection density of "diffuse" and "gross" structural
lineaments. Some of the pans within the survey area, which
also display a cold (dark) thermal response on the imagery, are
associated with lineaments, either elongated along their length
or located at the intersection points of two or more
lineaments. Pans owing their origin to the latter, probably
have a water table that is less than a few metres below the
ground surface.

Zones of moisture covering the survey area all have an
elongaged NNE or HE direction, which conforms with the general
strike direction of the sand dunes, foliation and one
population set of diffuse 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.
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Comparison of the water-table depth beneath ground surface with
the thermal line-scanning 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 Vaalputs 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.

7. GROUND GEOPHYSICS

Once the airborne geophysical survey had outlined potential
targets for the low-level waste repository, 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 some of these methods will be briefly
discussed.

7.1 Seismic Refraction Survey

The object of the seismic survey was to locate an area of
1 km̂  in extent where the rippable overburden was more than
10 m thick. Such an area would become a target for further
evaluation by dril l ing.

A truck-mounted, Bison six-channel seismograph was used in
conjunction with a 400 kg weight-drop which was dropped from a
height of 2 m.

The soundings were done on a 1 km square grid, but although the
grid was large, a palaeodrainage channel was clearly
identified. From the seismic data and subsequent dri l l ing It
was possible to assign approximate velocit ies to the rock types
encountered, which were as follows:

Sand
Calcrete
Sandy gritty clay
White kaolin!tic clay
Weathered granite
Fresh granite

500 m/s
700 m/s + 150 m/s

1 100 m/s + 250 m/s
1 700 m/s + 300 m/s
2 500 m/s -~5 000 m/s
5 000 m/s.

The seismic survey proved to be a very useful tool for
delineating surficial geology and is now being used on a
routine basis.
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7.2 Resistivity

An extensive resistivity program was conducted with the purpose
of outlining basins of weathering, to delineate faults and
aquifers, and to provide additional data at specific localities
on the character of the surficial material.

"Che two methods that were used in the investigation included
Schlumberge.r electrical sounding and rectangular profiling. A
total of 167 Schlumberger soundings and 124 km of rectangular
profiling were done.

Pipe-like structures were investigated and their geometry could
be accurately determined. Studies of linears, detected by
means of remote sensing methods, showed that some of these
features are related to faulting and fracturing, but from a
resistivity point of view they are not always continuous as
they are "open" in some parts and "closed" along other parts,
as discussed earlier.

In general, the selected areas investigated for a potential
low-level waste site are characterised by the absence of
resistivity anomalies that could be indicative of major
basement fracturing or faulting, thus providing greater
confidence in the suitability of these areas. Most of the
variation in the apparent resistivity along the rectangular
profiles would seem to be due to variation in the thickness
and/or resistivity of the conductive surficial material. The
Schlumberger sounding data showed that the solid basement has
an uneven top surface.

General sites containing potential aquifers were outlined, all
of which correlated closely with the airborne INPUT data.

8. CONCLUSIONS

After evaluating the socio-economic geological, geophysical and
geohydrological data obtained, it appears that the site is
eminently suitable for the disposal of low-level waste.

Geological and geotechnical investigations for the
disposal/storage of high-level waste are due to commence in
1988.
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