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FOREWORD

roundwater in South Africa as a whole is under-utilised, although

some local over-exploitation does occur. Groundwater schemes

can be implemented quickly and cheaply, and are particularly ‘

effective in conjunctive use and dispersed scenarios. With

increasing pressure on scarce surface water resources, and with
the priority of supplying potable water to disadvantaged rural and urban
communities, itis clear that groundwater will play an increasingly important role
in South Africa’s economic and social prosperity.

A major obstacle to the realisation of this prosperity is that insufficient
information about groundwater is reaching the planners, decision makers,
users and other affected parties. in an attempt to rectify this situation
groundwater information locked away in experts’ minds and computer data
bases is being made available on maps. The first step in this programme atthe
regional level is the preparation of “General Hydrogeological Maps” at the scale
of 1: 500 000.

The main purpose of General Hydrogeological Maps, of which the
accompanying map sheet is an example, is to display in an easily understood
format what is known about basic hydrogeological properties. These General
Maps represent a synthesis of the most up-to-date data and geohydrologists’
knowledge. Thus these maps are also very useful in identifying areas where
additional data should be collected and further investigations need to be
conducted.

Groundwater maps - the best available information for the best possible
planning, development and management of a strategic resource - will ultimately
benefit all South Africans.

EBERHARD BRAUNE

DIRECTOR: GEOHYDROLOGY

DEPARTMENT OF WATER AFFAIRS AND FORESTRY
PRETORIA e
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PREFACE

roundwater is rapidly growing in importance in South Africa but not
enough information conceming this resource is reaching planners,
decision makers and users. Although groundwater is a reliable
resource when properly managed, ignorance of its existence or
character commonly results in it being used as second option
to more expensive and in places less reliable surface water schemes. In order
to address the problem of the lack of groundwater knowledge, the Directorate :
Geohydrology launched a regional mapping programme whereby South
African groundwater resources will be portrayed at a scale of 1:500 000. The
Queenstown map accompanying this brochure is one of twenty three similar
such maps to be produced.

The mapping exercise is intended to bring together all the information
concerning the resource for analysis - thereby determining any regional scale
variations in the groundwater characteristics. The findings are displayed on the
map while more detailed information not readily portrayed on the map is given
in this brochure.

The main theme displayed on the General Hydrogeological Maps is the
groundwater occurrence and flow regime. For example, intergranular aquifers
(usually unconsolidated material) are distinguished from aquifers in which flow
is through fissures (fractures). In addition the borehole productivity (dependent
on rock permeability) is also ranked.

Settling on a legend for the South African 1:500 000 scale General
Hydrogeological Map series entailed much debate and revision between 1991
and 1996 with inputs coming from parties within and outside Directorate :
Geohydrology. The legend used is an adaptation of what is commonly known
as the UNESCO legend - published jointly in 1983 by the IAH (International
Association of Hydrogeologists), IAHS (International Association of
Hydrological Sciences) and UNESCO (IAH, 1983).

Classification of fissured (fractured) groundwater occurrence is particularly
important in the South African context because this type underlies at least 90 %
of the country. A modification to the UNESCO classification was considered
necessary in order to incorporate a semi - quantitative expression of storage -

capacity of the rock intezstices into the classffication - distinguishing between 3

"fractured" and "fractured and intergranular’ groundwater occurrence. The
latter is applicable where weathering has imparted intergranular properties to-—
the residuum overlying fractured bedrock. This weathered zone can provide

significant groundwater storage which can be transmitted to the underlying /j

bedrock.

The South African approach to distinguishing groundwater occurrence requ1rear
the identification and comparison of "hydrogeological units”. These being

i



degree of internal lithologic homogeneity and similarities in rock properties that
impact on groundwater conditions and on groundwater quality” and is
"described in terms of lithology, stratigraphy and a combination of mode of
occurrence and typical yields of boreholes" (DWAF, 1994).

The groundwater occurrence classification adopted for the South African
situation is thus as follows:

Q Fractured

O Fractured and Intergranutar
O Intergranular

O Karst

A maximum of five productivity ranges could be accommodated - this is the
maximum number of distinguishable shades of color. The ranges
accommodate yields for the country as a whole - based on an analysis of the
yield frequency distribution of all boreholes on the National Groundwater Data
Base.

The General Hydrogeological Map gives an indication of where the
groundwater resources are most accessible and the quality of the resources,
but there is another important aspect - the volume of groundwater abstractable
on a sustainable basis. A first attempt at quantifying the resource at a regional
scale is therefore included in this brochure. Areas most vulnerable to over -
exploitation are also identified.
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1 INTRODUCTION

1.1 Aims and objectives

vty W
he primary aim of e Queenstown General Hydrogeological Map
was to produce a synoptic overview of the hydrogeological
character of the area by processing groundwater-related data
according to a standard legend. The main features shown on the
map are borehole yield, aquifer type, groundwater quality, lithology

and groundwater use.

This brochure was compiled to provide supplementary information on these
features, and also to:

Q outline the hydrogeological properties to consider in siting production
boreholes,

describe the hydrochemical character of the groundwater,

O

O make a preliminary estimate of maximum and optimum sustainable
groundwater abstraction rates,

O focus future research directions by identifying gaps in knowledge.

1.2 Previous hydrogeological
investigations ’

“

1.2.1 Ciskei National Water Development
Plan

This project, carried out between 1986 and 1990, included the identification of
groundwater resources (Hill Kaplan and Scott (HKS), 1991). A National Map for
the Ciskei at 1:250 000 scale was produced distinguishing areas of "poor’,



"moderate” and "good" groundwater potential based on a combination of
lithology, geological structure, groundwater quality, and recharge potential
(precipitation). Six hydrogeological regions were identified and each was
described in terms of aquifer type, borehole yield, groundwater quality and
target features for groundwater exploitation.

1.2.2 Transkei National Groundwater Plan

A hydrogeological overview was obtained from existing borehole information
and published geological maps (Steffen Robertson and Kirsten (SRK), 1993).
The expected ranges of borehole yield per lithological unit, as well as expected
groundwater quality and potential drilling targets, were briefly described. A
computerised database (Hyarocom Version 4.0) was compiled from existing
borehole data, supplemented by hydrocensus information. The Natal Group
Sandstones were selected for more detailed investigations to determine their
hydrogeological potential.

1.2.3 Local groundwater assessments and
supply schemes

A portion of the Swart Kei River catchment to the west of Queenstown was
investigated by the Department of Water Affairs and Forestry (DWAF)
{Vandoolaeghe, 1980) to evaluate the groundwater supply potential. The study
entailed an extensive hydrocensus and a geophysical Survéy,46iowed by
detailed drilling of hydrogeological target features and aquifer testing. Much
was learnt about how dolerite intrusions influence groundwater occurrence.

Small scale groundwater development investigations at various towns, ier
a/iz: Bedford (Simonis, 1987), Jamestown (SRK, 1992), Tarkastad
(Groundwater Consulting Services (GCS), 1992), Sterkstroon (SRK, 1993),
Komga (Venables ef a/ 1985), Dordrecht (Meyer, 1984) have also provided
some insight into groundwater occurrence.

1.2.4 Upper Kei Basin Study

The Upper Kei Basin is about 11 500 km? in extent and centred around
Queenstown. The basin study was initiated by DWAF to gain a holistic view of
the water-related issues so as to facilitate the integrated management of
scarce water resources (Kei Basin Consulting Engineers (KBCE), 1993).

Part of the investigation was the provision of an overview of groundwater
resources based on a review of the literature. Hydrogeological regions were
identified and expected aquifer types, borehole yields, target features and
groundwater quality were assessed. Groundwater exploitation potential was
evaluated, based on recharge and storage estimates extracted from the
Iiterature on Karoo aquifers.



1.2.5 Groundwater exploitation potential

This project attempted to demonstrate the use of Geographic Information
Systems (GISQ for determining an overview of groundwater exploitation
potential in m km?/a of the Queenstown map sheet (Seward et aj 1996). The
main elements considered were recharge, storage and transmissivity.
Exploitation potential was taken as the lesser of recharge, storage required to
tide across drought periods, and abstraction potential limited by transmissivity.
It was found that aquifer matrix fransmissivity was the limit to groundwater
exploitation for most of the area.

1.3 Data collection

The first step in the data collection was to gather all available information from
files, reports, maps, and databases for analysis. Much of the existing borehole
data were fragmented, mostly on hardcopy in government files and reports,
and were housed with three different govemments. The Republic of South
Africa, and the former homeland of Ciskei possessed extensive hardcopy
drilling records most of which needed to be captured on a computerised
database. The data of the former homeland of Transkei were already
computerised.

This information was collated and reviewed to allow the identification of areas
of data scarcity requiring additional data and field surveys.

1.4 Methodology

1.4.1 Borehole yield

The area was subdivided into 25 relatively homogeneous, hydrogeological
"ield regions" within each of which the properties affecting borehole yield are
considered to be similar (Table 1). These were initially delineated on the basis
of lithology and geological structure, climate, and topography. Some of

these areas were further subdivided by taking into account borehole

yield information. Concentrations of distinctly higher yielding boreholes

than the surroundings were assigned to individual hydrogeological "yield
regions".

A statistical analysis of the borehole yields within each of the identified regions

- ,,ﬁw,_ag‘gg’rried out in order to determine the median and frequency distribution.
ield characteristios of these regions were compared on the basis of these

- resultsark ¥ a&é‘eifdipg}gsthe standard yield ranges for portrayal on the
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For the map series the median borehole yield determines the productivity
range for a particular data set. Data for dry boreholes are available for the
study area but were excluded in order to conform to the national mapping
standards. The reason for excluding dry boreholes is that this map had to be
consistent with maps covering other parts of the country that do not have
sufficient records of dry boreholes. Dry boreholes are however included in the
yield frequency histograms compiled for this brochure because they form an
important part of the data set, enabling distinctions to be made between
regions that would not have been otherwise evident,

1.4.2 Aquifer type

For the purposes of the 1:500 000 map series aquifers are divided into four
types namely:

O intergranular

Q fractured

QO fractured and intergranular
O karst

In this way the voids in the rock through which water is transmitted are
classified. These types refer to the nature of aquifer that may be found, rather
than the boundaries of individual aquifers.

The aquifer type mapped was not necessarily the shallowest, but the principal
aquifer. i.e. the shallowest aquifer with the highest boreHole" yields and the
best quality water. Thus a surface layer of unconsolidated saturated silt with
an insubstantial yield of water would not be mapped as the aquifer if the
deeper bedrock provides higher borehole yields.

&
A

In principle, a *fractured and intergranular" aquifer should transmit.-water
through both the fractures and through the overlying intergranular medium. In
practice some fudging of this definition was permitted to allow for the case
when the intergranular voids were primarily an important storage, rather than a
transmitting, medium. This is a common feature in South Africa and occurs
when weathered rock (Plate 1) stores significant quantities of water in the
intergranular voids, but the water can only be economically abstracted via
fractures in the underlying bedrock through a process of vertical drainage of
groundwater from above.

The standard procedure adopted for this map series was to classify the
aquifers as "fractured and intergranular’ when the water level was in the
weathered zone, and as “fractured” only when the water level was below the
weathered zone. This approach was not possible for this map sheet because
of insufficient information on depths of weathering and water level. Instead the
National Saturated Interstices Map (Vegter, 1995), and a map of weathering of
basic igneous rocks (Weinert, 1974) were used to separate the aquifers into
the “fractured" and the "fractured and intergranular" categories.



Weinert's N = 5 contour, indicating the transition from predominantly chemical

to predominantly mechanical weathering, and Vegter's division between purely

fractured interstices and fractured plus porous interstices correlate closely for

the study area. The Weinert and Vegter maps were thus jointly used to

determine the transtion from “fractured" to "fractured and intergranular" for the

map sheet. .

The "intergranular" aquifer class is not depicted since there are no areas within
the Queenstown map sheet where unconsolidated deposits yield significant
amounts of water. The "karst’ aquifer class is also not depicted.

1.4.3 Lithology

On the General Hydrogeological Map 2 background ornament depicts
lithologies which were derived from the 1:250 000 geological maps published
by the Council for Geoscience for the area. The lithology is shown in a highly
simplified form highlighting the variations likely to have a significant effect on
groundwater occurrence (e.g. presence or absence of dolerite intrusions,
predominance of sandstone over mudrocks efc). Itis not possible to portray the
abundant dolerite intrusiens individually without creating an overcrowded map.
Therefore dolerite dykes are not displayed on the map at all, and only selected
larger dolerite sheets and sills of possible hydrogeological significance are
shown in a simplified form. A mixed omament containing the dolerite symbol
and that of the host lithology is used for areas in which dolerite intrusions occur
but are not individually portrayed. Only in instances where dolerite is totally
absent (e.g. the extreme south-western corner of the map) is the ornament not
mixed. Because of the gross generalisation of the lithology it is not possible to
use the General Hydrogeological Map as a tool for local borehole siting. The



reader interested in the geological details is thus referred to the 1:250 000
geological maps obtainable from the Council for Geoscience.

1.4.4 Groundwater quality and hydrochemistry

Groundwater quality data points were contoured to distinguish regional-scale
trends. The presence of selected hydrochemical constituents, which could
pose a threat to health, is highlighted. In addition results of hydrochemical
analyses were used to determine regional variations in groundwater character
as defined by ionic ratios.

1.4.5 Groundwater potential

In this brochure two facets of groundwater potential are considered — Harvest
Potential and Abstraction Potential.

Harvest Potential provides an estimate of the theoretical volume of
groundwater which can be abstracted from an area on a sustainable basis. It
was determined from groundwater storage and recharge without any
consideration of socio-economic factors (which includes /ifer alia the cost of
bringing groundwater to the point of demand, the value of the water and legal
and environmental issues) and water quality. A rainfall / recharge relationship
obtained from the literature (Bredenkamp et/ 1 995) was used to make
empirical estimates of recharge at the regional scale. Typicat égy_ifer storativity
ranges were also obtained from the literature (Bredenkamp et @/ 1995),.
Variations in the storativity assigned to various portions of the area was based
on mode and intensity of weathering of the rock.

Abstraction Potential, on the other hand, provides an egtii’naté of the quantity
of groundwater that can be practically abstracted. It is determinedfrom aquifer
transmissivity, which was estimated from borehole yields, and an assumed
borehole density. Abstraction Potential might not be sustainable in some
cases because it can exceed Harvest Potential,

1.4.6 Major groundwater use

Areas in which agricultural irrigation from groundwater is practised were
identified by interviewing officers of the Department of Agricufture, and by
gleaning data from existing reports. Abstraction estimates were made from
information on the areas under groundwater irrigation, crop type and the
irrigation requirements to sustain that crop.

Information on large-scale domestic groundwater abstractions was obtained
from a variety of sources, including the literature, Departmental and
consultants reports and interviews with personne! responsible for groundwater
supply schemes.

l



2  PHYSICAL ENVIRONMENT

2.1 Topography and surface hydrology

The Great Escarpment (Fig. 1) comprises the Bamboesberg, Stormberg

and Drakensberg mountain ranges which rise from about 1 500 m to between
2 000 and 2 600 m above sea level. On the seaward side of the Great
Escarpment drainage is generally south-easterly. In the eastern half of the
area the often deeply dissected terrain slopes gradually toward the Indian
Ocean. Northward draining tributaries of the Orange River traverse the
landward side of the escarpment in the north-west corner of the map. At the
western edge of the map tributaries of the Great Fish River drain to the

south-west.
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ylowest mean annual ‘precipitation (MAP) occurs in the west of the area

iy 400 mim (Fig. 2). Inthe eastefn area MAP is typically around 800 mm.
vehighest MAP {ranging from 1 000 1 400 mm) occurs along the coastal
'c0 he Great Escarpment and the

suftimer, but}ﬁ“ihé:ﬁorthern parts
trmner (October to March).
1S sore evenly spread

¥t ranges during winter.

Mean annual surface temperatures (Fig. 3) are highest along the coastal bett in
the south-east, decreastrg inland towards the north-west due to the higher
altitude and greater distance from the moderating influence of the sea. Over
most of the area mean annual temperatures range from 15.0to 17.5 °C. Along
the coastal belt the range is 17.5 to 20.0 °C while in the north-westit declines
to between 12,5 and 15.0 °C.

The average annual potential evaporation (Fig. 4) ranges from less than
1 200 mm in the more humid areas near the coast, to 1 800 mm in the drier
inland areas to the north-west.



FiG 1: TOPOGRAPHY AND SURFACE HYDROLOGY
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FIG 3: MEAN ANNUAL SURFACE TEMPERATURE FOR SOUTH AFRICA
Modified after DWAF 1986
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FIG 4: MEAN ANNUAL POTENTIAL EVAPORATION FOR SOUTH AFRICA
Modified after DWAF 1986
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3 GEOLOGY

3.1 Pre-Karoo rocks

The Natal Metamorphic Province basement rocks (Fig. 5), exposed only along
the coast in the north-eastern comer of the map, comprise mainly granite,
gneiss and charnockite.

The Natal Group rocks outcropping in the north-eastern corner of the map
comprise predominantly quartz arenites but other rock types (conglomerates,
coarse-grained sandstones, siltstone, mudstone and diamictite) are also
represented. This succession is between 900 and 1 300 m thick. The base of
the Natal Group is exposed in the east where it lies unconformably on the
basement rocks of the Natal Metamorphic Province.

3.2 HKaroo Supergroup

3.2.1 Dwyka Tillite Group

The massive and structureless 500 m thick Dwyka Tillite Group outcrops near
the coast fo the north-east of the map and unconformably overlies the Natal
Group rocks. This diamictite consists of angular clasts (up to 250 mm diameter)
setin a fine to very fine-grained matrix.

3.,2.2 Ecca Group

The Ecca Group (Fort Brown and Ripon Formations) which conformably
overlies the Dwyka Tillite Group consists of a 1 000 m thick succession of
thythmically bedded and laminated shales and minor sandstones.

3.2.3 Beaufort Group

3.2.3.1 Middleton Formation

In the study area the Middlston Formation is approximately 1 900 m thick
and comprises greyish-green mudrock interspersed with multi-layered river
channel sandstones. The sandstone to mudrock ratio is of the order of

1:2 (Rubidge, 1995).

11



FIG 5: LITHOSTRATIGRAPHY AND STRUCTURE
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3.2.3.2 Balfour Formation

The Balfour Formation is approximately 2 000 m thick. At its contact with the
underlying Middleton Formation this formation is relatively sandstone rich,
although overall mudrock still predominates.

3.2.3.3 Katberg Formation

This sandstone-rich formation is 500 to 1 000 m thick. Fine-grained to
medium-grained horizontally laminated, cross-bedded or massive sandstone
comprises about 90% of the total thickness on average.

3.2.3.4 Burgersdorp Formation

The Katberg Formation is overlain by the Burgersdorp Formation, which
reaches a thickness of 600 m in the Queenstown-Lady Frere area. This
Formation is relatively mudstone rich (70-80%). Sandstone layers are typically
2 t0 3 m thick but can reach thicknesses of 10 m.

3.2.4 Molteno Formation

A low angle unconformity exists between the underlying Burgersdorp
Formation and the Molteno Formation. Mudstone and sandstone are the
dominant rock types with sandstone content ranging from 30 - 50% butin
some instances (for example west of the town of Molteno) the sandstone
component reaches 75%. Minor rock types are shale (2 - 10%), coal and
conglomerate (each less than 1%). Sandstone lithosomes generally range
from a few metres to 20 m in thickness with a maximum of 60 m. The Molteno
Formation is some 250 m thick in the west, the thickness increasing fo about
450 m in the east.

3.2.5 Elliot Formation

The Elliot Formation overlies the Molteno Formation and is between 300 and
500 m thick. It consists of interbedded fine-grained sandstone (30% of the
succession) and mudstone. The lenticular sandstone horizons are between
3 and 15 m thick.

3.2.6 Clarens Formation

The contact with the underlying Elliot Formation is gradational. This Formation
is fine-grained (sandstone) to very fine-grained (mudrock), predominantly
massive and structureless. The thickness varies from 20 to 300 m and the unit
commonly forms sandstone cliffs.
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3.2.7 Drakensberg Group

This Group is made up of a 1 400 m thick succession of basalt flood-lava fed
by a complex of igneous intrusives known as the Karoo Dolerite (Fig. 6). The
thickness of the lava flows varies from 0,5 to 50 m. In the basal one third of the
sequence, the lavas are interlayered with pyroclastics and thin lacustrine
sandstone, mostly less than 10 m thick.

Two main categories of dolerite intrusion are recognised, namely vertical
dykes, and sheets of varying inclination and curvature. Dolerite sheets,
which approximately conform to bedding dip, are termed sills. Dolerite dykes
(Plate 2) of the study area usually range between 1 and 10 m wide and

can be tens of kilometres long. Their orientations are variable but with a
north-westerly strike prominent over much of the area. In the Butterworth area
dykes strike almost exclusively east-west., Here two prominent dykes up to
300 m wide are traceable for over 100 km. Sills and sheets are usually
between a few metres and 100 m thick but can be well in excess of this in
some instances. For example the Andriesberg north of Queenstown (300 m),
and Tabankulu north-west of Flagstaff (500 m).

Plate 2: A dolerite dyke (light yellowish brown in foreground) forms a topographic
ridge extending into the distance

The regional variations in intrusive style across the study area appear to be
related to the stratigraphic level of the intrusions (Figs. 7 and 8). Dolerite is
rare in the older lithologies toward the base of the Karoo succession while the
Balfour Formation of the Beaufort Group is characterised by massive dolerite
sheets. From this stratigraphic level up to and including the basal parts

of the Molteno Formation a combination of dykes, sheets, and sills occur.
Ring-shaped intrusions are most common in the upper levels of the Beaufort
Group (Burgersdorp Formation) and the lower Molteno Formation. Above this
strafigraphic level dykes are most common, sheets become rare and volcanic
vents/diatremes appear.
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FIG 6: DOLERITE INTRUSIONS
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FIG 8: ABUNDANCE AND PREDOMINANT STYLE OF DOLERITE INTRUSIONS

— —
i i “ringsheets”
L | Dykes and sits ! | SYkeg rings
- Mainly sills - Dykes and shasts - Mainly dykes
T & L ; i I%0km

3.3 Post-Karoo lithologies o

e e

3.3.1 Cretaceous rocks

2

A 300 m thickness of Mbotyi Formation is presentin a dOanaulté&farea at
Mbotyi on the coast. It consists of conglomerate and subordinate coarse
sandstone, resting unconformably on Karoo sequence rocks.

3.3.2 Quaternary unconsolidated deposits

Alluvium is generally limited in thickness in most of the study area, rarely
exceeding 2 m, and is most extensive in the north-western quarter of the study
area, in particular in the area underain by Burgersdorp Formation rocks where
alluvium thickness of the order of 10 m are attained. Deposits of cofluvium up
to 2m thick may also be found. Unconsolidated coastal deposits of regional
significance are not found.
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3.4 Structure

3.4.1 Faulting

According to the 1: 250 000 published geological maps and accompanying
explanations, major faults occur only along the coast of the study area.

There are several of these east-west striking faults, the downthrows (as much
as 3 000 m) being mainly to the south. They are hinge faults with downthrows
diminishing inland - for example a fault immediately to the south of Port

St. Johns has a displacement of about 3 000 m at the coast but dies out within
16 km inand. Although movement on these faults predominated in the
Cretaceous, seismic evidence indicates some recent movement (e.g.an
earthquake north of Port St. Johns reported by Krige and Maree, 1951).

3.4.2 Folding

The southern edge of the study area is close fo the northern limit of the Cape
Fold Belt and very localized dips of up to 30° (a result of folding) are
encountered, for example in the Bedford vicinity. The generally northward dip
decreases progressively northwards, and in most of the map area these dips
vary between 1°and 5°

Variations in dip steepness and direction occur locally next to some intrusions.
Dips also increase in the faulted areas at the coast where eastward dips of up
to 20° occur.

3.4.3 Fracturing

Localised fracturing associated with dolerite intrusions occurs in both the host
rock and in the dolerite itself. Open fractures, not necessarily associated with
dolerite, atso form as a result of tectonic forces, weathering and stress release
on unloading by denudation. Lithological boundaries often represent zones for
development of openings when there is local flexure and rock competence

_ conitrast (e.g. at sandstone-mudrock contacts (HKS), 1991).
? % e

35 Weathering

Climatic gonditions and rock type influence the intensity and mode of
weamaﬁﬁg that can be expected in a particular area. Weinert (1974)
. degw&d a weathering index (climatic N value) for basic igneous rocks based

~ = ontemperature and moisture considerations and produced a set of contours
for South Africa ranging from 1 to 50. Where the N value is greater than

5 (roughly west of 25° longitude) disintegration due to physical weathering is
predominant, while decomposition due to chemical weathering prevails in the
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more humid areas (lower N value) to the east of this. The weathered zone
rarely exceeds 30 min depth.

3.6 Stress regime

Andreoli ef a/(1996) conclude from research into neotectonic activity
in Southern Africa that there is 2 NW-SE trending maximum horizontal
compression from southern Angola to off the Transkei coast. Because
the study area falls within this zone the same stress direction can be
expected. In this stress regime NW-SE trending structures are likely to
be in tension (open) and those at right angles to this in compression
(closed).

A comparison of vertical to horizontal stresses across South Africa was
made by Gay (1975) who concluded that horizontal stresses tend to be
larger than vertical stress at shallow depths, but at greater depths the vertical
stress is nearly twice those acting horizontally, Under these circumstances
horizontal fractures are more likely to be open at shallow depths but closed
deeper down due to increasing load pressure. The NW-SE trending (vertical)
fractures are most likely to be open at depth given the NW-SE maximum
horizontal stress.

.

4 HYDROGEOLOGY £ o

4.1 Conceptual model of groundwater
occurrence o

For the bulk of this area groundwater occurs in dual porosity aquifers,
comprising large but infrequent principal transmissive fractures with
relatively low storage capacity, and secondary but numerous microfissures
with higher storativity but lower transmissivity. The microfissures are
mainly concentrated in a near-surface upper zone usually less than 30 m
thick, possessing a higher storage capacity than the rocks encotriered at
deeper levels. The Upper and lower zones are hydraulicaily linked. The
groundwater stored in the shallower section replenishes, by downwarg
leakage, groundwater abstracted from deeper fractures via:boreholes, er .
groundwater issuing from springs and seepages. The deQﬁer fractures often
have a higher transmissivity but lower storafivity than the shaliow zone
fractures.



4.2 Influence of local geology on
borehole yield

4.2.1 Aquifers associated with dolerite
intrusions

4.21.1 Introduction

The conceptual illustration beneath the main map illustrates styles of dolerite
infrusion and associated fracturing. Associated with these intrusions are
"fractured" or "fractured and intergranular" aquifers. The fractures occur within
the dolerite as a well as in the host rock, and are often concentrated toward the
margins of the dolerite intrusion (Plate 3). Weathering generates the
intergranular property of these aquifers. The dolerite is commonly weathered
as a combined result of the fractures providing weathering agents access to
the rock as well as the susceptibility of the dolerite minerals to weathering.

B ] n =t i
i - ot - ; | o - - ¢
v ‘ 4 : ! L -
=~ . T R : A 3 o e el

1

Plate 3: A borehole targeting a highly fractured sandsone aquifer at the maigin of a dolerite dyke
(weathered fight yelfowish browr)

42.1.2 General trends

The following general trends were revealed on analysis of the groundwater-
related data from the map sheet:

O yields associated with dolerite intrusions are higher than those associated
with sedimentary rocks only,
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O vield characteristics of dykes and sheets are broadly similar,

Q  vyields associated with dolerite intrusions are highly variable at both the
local and regional scale,

O regions that have higher yields than average in the sedimentary rocks will
also have correspondingly higher than average yields in the dolerite
associated aquifers.

These trends show that regional-scale fracturing affects all the rock types in a
particular structural domain (i.e. both the dolerite and as well as the
sedimentary host rocks remote from the intrusion). But at the local-scale
dolerite contact zones provide competent rock in which these fractures are
likely to remain sufficiently open to be the highest yielding. This relationship/
phenomenon is clearly illustrated in the area underlain by the Burgersdorp
Formation where higher than average yields are obtained in the Burgersdorp
Formation sedimentary rocks as well as the dolerite, but the fractures
associated with dolerite are still the highest yielding.

4.21.3 Type areas

In order to better illustrate and explain the variations in groundwater
occurrence associated with dolerite some “type areas" were selected (Fig. 9).
These areas were somewhat loosely selected taking into account the
distribution of available information as well as intrusive style and relative
abundance of dykes, sheets and sills namely;

O Queenstown — predominantly dykes, "ringsheets” and sheets

Q  King Wiliam’s Town — mainly sills L
O  Jamestown — mainly dykes

O Qumbu - “dykes and sills" and "dykes and sheets®

FIG 9: TYPE AREAS
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Borehole yield frequency histograms for these type areas are given in Figs. 10
and 11.

4.2.1.4 Queenstown type area

The dolerite-related aquifers typifying this type area are more productive than
in all the other type areas (afthough yields are still lower than the folded
aquifers near Bedford area where dolerite is rare to absent). The presence of
abundant dykes and sheets indicate that significant regional structural
disturbances must have taken place during intrusions. What makes this area
stand out as being different from the other areas though is the presence of
ring-shaped dolerite intrusions (Plate 4) as well as the abundance of irregular
intrusions displaying sharp variations in thickness and dip along their length.
(Note that the colours in Plate 4 are unnatural because the reflective—infrared
portion of the spectrum was used. The colour variation therefore is rather an
indicator of plant health/density.)

The intrusion of the ring structures are likely to cause extension and fracturing
of the overlying host rock, and could be responsible for a generally higher
incidence of fracturing than in the other areas. The irregularity of the dolerite
sheet intrusions of this area provide an abundance of curved portions which
Vandoolaeghe (1980) found to be the most productive drilling targets.

Another factor is the abundance of dolerite intrusions, which provide plentiful
potential drilling sites. In addition the relatively flat terrain, particularly to the
west of Queenstown, makes drilling access easier than the other areas,
allowing more flexibiity in the optimal positioning of a drill rig.

4.2.1.5 King William’s Town type area

The King William's Town type area is characterised by massive,
shallow-dipping dolerite sheets, while dolerite dykes are rare. The contact
z0nes of the massive sheets are notoriously unproductive, with more dry
boreholes than in unaltered sedimentary rock. Dolerite-related yields of more
than 3 Us are extremely rare. The dolerite sheet contact zone normally only
yields water if a structural feature is present.

Best results are obtained for boreholes drilled away from the influence of
dolerite. The prospects for success are seemingly greater in topographic lows
away from the rigid sheets. The reason for the poor results on these sheets is
uncertain, but may be related to lack of tectonic activity and associated
fracturing, and the rarity of dykes along which structural movements/
adjustments could have occurred.

4,216 Qumbu type area

The style of intrusion, especially in the Burgersdorp Formation in the Qumbu
type area, is very similar to that of the Queenstown type area, with dykes and
sheets both abundant. However drilling associated with dolerite intrusions is
far less successful than in the Queenstown type area, with yields seldom
exceeding 3 /5.
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FIG 10: COMPARISON OF BOREHOLE YIELD: DOLERITE VERSUS NON-DOLERITE TARGETS
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FIG 11: COMPARISON OF BOREHOLE YIELD: SHEETS VERSUS DYKES
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The reason for this low success rate has probably more to do with economics
than hydrogeology. Limited financial resources have often precluded the
optimal siting of boreholes. Historically, drilling has taken place in or very close
to the villages, generally situated on hilltops, which is far from ideal from
topographic considerations, and gives no choice in selecting the best site from
geological considerations.

There is no apparent reason why similar yields to the Queenstown type area
cannot be obtained, given optimal borehole siting. Clay products from the
more intense weathering in the more humid eastern parts of the study area
could result in reduced fracture fransmissivities, but only at shallow depths.

From the yield frequency histograms (Fig. 11) dykes appear to be more
productive than dolerite sheets. However, in the same way that dolerite in
general has not been adequately tested in this area, it is even more likely that
dolerite sheets in particular have not been properly explored.

4.21.7 Jamestown type area

Dolerite dykes are common in this area and sheets/sills are rare. In the
Dordrecht area, Meyer (1984) found the topographically up-gradient sides of
dykes to be most productive. Yields in excess of 2 i/s are rare but up to 9 /s
are obtained in some instances. These resutts are much higher than the
yields obtained from dykes in the King William’s Town and Qumbu fype areas
which rarely exceed 3 &/s, but not as high as the Queenstown type area where
approximately 5% of boreholes targeting dolerite yield in excess of 10 ¢/s.

4,2.1.8 Discussion

Dykes are generally longer and more abundant in the higher yielding
Queenstown and Jamestown type areas than in the other two areas. This
correlation could indicate that the abundance and length of dyke intrusions
reflect the degree of associated structural disturbance { fracturing resufting in
higher borehole yields.

Assuming the study area is subject to regional compression from the
south-east, dykes with a north-west trend will be in tension and associated
fractures more open as a result. This could also party explain the better
results obtained in the Queenstown and Jamestown type areas where this
trend is more prominent.

However, with the current level of information it is only possible to speculate as
o the reasons for the borehole yield variations associated with dolerite.
Detailed research-oriefftated drilling investigations in the individual type areas
are required to better explain such variations. Such a drilling programme
would entail drilling traverses through typical dolerite intrusions to determine
their structure, obtain detail on the distribution of associated fractures, including
their orientation and yield.

Until such information is obtained it would be wise not to be too dogamtic, or to

make sweeping generalisations, about the relation between groundwater
occurrence and dolerite intrusions. This is especially true in areas that appear
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to have little groundwater potential associated with dolerite. This could well be
o the lack of scientifically-sited boreholes, rather than any lack of potential

Y

byt odote.

£ -ﬂﬁuﬁérs”’&sﬁéféted with fracturing
unrelated to dolerite intrusions

In general fractured sedimentary rock (not influenced by dolerite intrusion)
yields less than 1 ¢/s. Higher yields are obtainable up to 3 /5 but can be as
high as 5 &/s in exceptional cases (Fig. 10). Virtually all these boreholes yield
less than 5 U/s whereas approximately 20% of yields exceed 5 &/s in boreholes
targeting dolerites in the same area.

Tectonically induced fracturing of sedimentary rock is particularly importantin
the dolerite-scarce folded terrain in the Bedford vicinity in the south-western
corner of the study area. High yields, mostly less than 4 /s but up to 20 i/s,
are obtained and there are relatively few dry boreholes (only 17% of boreholes
are dry in this folded area whereas elsewhere in undeformed dolerite-rich
areas between 23 and 45 % of boreholes are dry). This region was influenced
by compressive stresses from the south during the Cape Orogeny resultirig in
folding. Enhanced fracturing of the affected sedimentary rocks is noted in
association with the more intensely folded portions, in particular at anticline
hinges (Simonis, 1987).

Lithological boundaries represent favourable zones for development of
openings where there is local flexure and rock competence contrast e.g.
mudrock-sandstone contacts (HKS, 1991). Unconformities 4t litHolggical
contacts are likely to be more productive due to weathering effects at the **
contact. For example two boreholes drilled to test the lithological
unconformable boundary between the Natal Sandstone and Dwyka Tillite
Group (SRK, 1993) yield approximately 6 {/s , which are abnormally high yields
for these two lithological units. ‘ Lo

i
Another lithological boundary which can be singled out as a potential target is
the contact between the Drakensberg Group basalt and the underlying Clarens
Formation Sandstone (in the north of the mapped area). High yields (as high
as 10 i/5) are reported at this contact, which is also a relatively common site
for spring emanations.

Faults Very limited borehole yield data are available for faults but indications
are that these structures represent poor targets for groundwater (all 7 bore-
holes known to have targeted fautis are dry). By way of illustration a 116 m
deep borehole sited by the author drilled into a major (3 000 m throw)
east-west trending fault situated to the south of the study area. Although
outside the study area it is typical of the major faults along the coast within the
study area. The rock material was very soft and highly friable, and the borehole
produced only seepage, although it became weakly artesian a few hours after
completion of the borehole.

Based on this experience it is speculated that the material infilling fault planes
in the study area is of low permeability. A number of factors could jointly be
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responsible for this low permeability. The generally incompetent nature of the
sedimentary rocks and the large-scale movement could resutt in formation of
rock flour as opposed to a highly transmissive breccia with angular rotated
fragments. In addition, intense weathering (decomposition) associated with the
high rainfall areas where major faults are concentrated could further limit
breccia fragment size and transmissivity.

4.2.3 Intergranular aquifers

These aquifers are unconsolidated sedimentary deposits where groundwater
occupies interconnected pore spaces. Consolidated rocks with a significant
intergranular porosity or transmissivity are not found in the study area.
Boreholes drilled into alluvial aquifers in general yield less than 1,5 ¢/s. Isolated
coarser and thicker occurrences yield in excess of 5 &/s. Higher yields may be
obtained in these aquifers by constructing large diameter wells.

Extensive unconsolidated colluvial and fluvial deposits are found only in the
north-west quarter of the map in the vicinity of Queenstown. Forthe remainder
of the area uplift resulted in a relatively young, deeply incised, eroding
landscape with little scope for deposition, hence isolated unconsolidated fluvial
deposits are found only in some few sections of river channels.

The aliuvial and colluvial inland deposits investigated by DWAF
(Vandoolaeghe, 1980) in the Queenstown vicinity were found to have much
lower yields than the underlying fractured rock aquifers. The explanation for
the low yields is that the grain size is very fine resulting in very low
permeabilities.

In general, these aquifers are considered to have a relatively low storage
capacity because the deposits are relatively thin with a limited saturated
thickness (usually less than 5 m). During dry periods bedrock is commonly
exposed in river channels. Under these circumstances groundwater will drain
into the river channels and as a result the alluvial deposits will not be
permanently saturated.

Coastal deposits also provide aquifers of only local importance due to their
limited extent. Sporadically developed coastal dunes are restricted to a very
narrow zone within 2 km of the coast. An investigation at Bonza Bay
(Boehmer, 1969) showed the underlying fractured rock to be more productive
than the dunes, while the dunes have some value as a storage medium, a
situation similar to the inland alluvial deposits.

K3

4.3 Regional variation in borehole
yields

Hydrogeologically distinct regions were identified to allow barehole yields from
areas of differing character to be compared. The hydrogeological regions
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identified for this study are given in Fig. 12 and their characteristics are given in
Table 1. Factors taken into account when delineating these areas included:

O Dolerite abundance and style of intrusion

O Lithology

O Geological structure (faults, folding, dyke orientations)
O Intensity and mode of weathering

Q Catchment boundaries

Instances occurred where groups of higher yielding boreholes were identified
without there being an obvious hydrogeological explanation for that area being
superior. Despite this these areas were assigned to separate hydrogeological
regions for statistical analysis e.g. the higher yielding boreholes around
Queenstown were analysed separately from those in the hydrogeologically
similar Burgersdorp Formation further to the east. This was done to avoid
extrapolating unrealistically high borehole yields to the eastern area. The
results of the statistical analyses for each region are included in Table 1.

The following examples demonstrate that what one sees on a regional map
depends on how the data are analysed and presented. It must be pointed out
that the one method is not necessarily better than another, but rather the use of
a variety of methods serves to highlight aspects which otherwise go unnoticed.

Example 1

The borehole yield ranges adopted for the standard legend for the General
Hydrogeological Map are not sensitive enough to adequately distinguish yield
variation across the study area, because virtually the whole study area falls in a
single yield range category (0.5 - 2 {/5). A better indication of yield ranges for
this area can be obtained from Fig. 13 compiled using narrower yield ranges
for the legend.

Example 2

Focusing on the incidence of dry boreholes reveals the lowest incidence of dry
boreholes in the west and south-west of the region (latter affected by the

Cape Orogeny) as well as the Natal Group Sandstone in the extreme
north-east (Fig. 14). This figure was compiled by determining the percentage
of dry boreholes within each of the 25 hydrogeological regions. Those regions
with less than 15% dry boreholes were assigned a "low" incidence and those
exceeding 15% dry boreholes a "high" incidence. The median percentage of
dry boreholes for the hydrogeslogical regions comprising the area of "low"
incidence is 12% whereas the median percentage of dry boreholes for the area
of "high" incidence of dry boreholes is 38% and can reach 60 %.

Example 3

An examination of the areal distribution of higher yielding boreholes (in the
3- 10 U/s range) reveals the pattern highlighted in Fig. 15. The area with
higher yielding boreholes is affected by folding in the extreme south-west
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FIG 12: HYDROGEOLOGICAL REGIONS

FIG 13: HYDROGEOLOGICAL MAP USING ALTERN”A'TI—VE‘“Y:.IELD\-CLASSES
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FIG 14: RELATIVE INCIDENCE OF DRY BOREHOLES
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(Bedford area) as well as in a centrally situated east-west trending zone in the
Queenstown area coinciding with ring-shaped dolerite intrusions into the
Burgersdorp Formation.

A discussion of the observed borehole yield variations in the study area follows:

4.3.1 Low incidence of dry boreholes in
the west (regions 1, 12, 16, 17,
21, 22, 23, 24)

The relatively low incidence of dry boreholes in the western portion of the study
area indicates a generally higher degree of fracturing of the rock matrix in this
area.

This could possibly be related to a higher degree of tectonism affecting the
western part of this area, the intensity dissipating towards the east. This could
well be the case if the abundance of dolerite dykes is taken as a reflection

of the intensity of tectonism affecting the study area. Dolerite dykes are
abundant in the western parts becoming progressively less frequent toward
the east (Fig. 6).

Mode of weathering could play a role in the observed change in incidence of
dry boreholes across the study area from east to west. Clay minerals
generated by weathering by decomposition in the eastern parts may resultin
lower transmissivities of near surface fractures (and higher incidence of “dry*
boreholes) than in the west where weathering by disintegration wilknot
generate clay minerals. A higher density of fractures associated with foldirig in
the south-western part of the area could explain the low incidence of dry
boreholes in regions 23 and 24.

9,’,‘-"

4.3.2 High yields in the Bedford vicinity
(regions 23 and 24)

These result from fracturing associated with folding related to the Cape
Orogeny. The fact that the lithology is relatively competent (sandstone-rich)
probably results in fractures being more open than if it were mudrock-rich
(fractures tend to squeeze closed under load pressure in the softer, more
mudrock-rich lithologies).

4.3.3 High yields in the Queenstown vicinity
(regions 1, 2, 12, 13, 16, 17 and 18)

Ring-shaped dolerite intrusions and irregular sheets are concentrated within
these regions indicating that deformation related to their emplacement may
have resulted in more intense fracturing than surrounding areas. It could be
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arqued that better yield statistics obtained for region 12 results from this area
being the focus of an intensive scientific drilling programme (Vandoolaeghe,
1980). This argument does not hold however because the median yield is
virtually identical to that obtained for region 13 where no such programme was
undertaken.

4.3.4 Low yields in the East London -
Kei Mouth area (regions 19 and 25)

Dolerite dyke orientation in this area differs markedly from the other areas as
here the predominant dyke trends are east-west and west-south-west.
Assuming that the regional maximum compressive stress is indeed directed
from the south-east, structures of this orientation will be under compression.
Generally low yields could therefore be expected because the major fractures
may be closed.

Db

43.5 Low yields in the Dwyka Tillite Group
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4.4 Variations in borehole yield
with depth

Two aspects are considered in relation to depth of borehole - the probability of
striking water, and the average borehole yield.

To ascertain water strike probability with depth, the total number of
groundwater interceptions obtained in each 5 m depth interval was determined.
The number of interceptions in each 5 m depth interval expressed as a
proportion of the total number of interceptions for the entire depth range of all
boreholes was taken as the probability of striking water within that depth
interval.

As far as the probability of striking water is concemed, the general trend

(Fig. 16) is a decrease in the chances of striking groundwater with depth
below the land surface (average water level for the region was 17 m below
surface). An inflection point in this trend occurs at approximately 55 m below
surface which point marks the bottom limit of a more intensely fractured zone.
The probability of striking groundwater decreases more sharply in the zone
between groundwater level and 55 m below surface than between 55 and
135 m.

The mean borehole yield obtained at water strikes in relation to depth below
surface (Fig. 17) shows little significant variation with depth.

As far as optimum drilling depths are concerned, these statistics can be looked
atin two ways. If a large number of boreholes are to be drilled, then 50 m
would appear to be the optimum maximum drilling depth. The overall average
water yield per metre drilled is certainly not going to increase by drilling
boreholes deeper than this. On the other hand, if drilling sites are limited, for
example by difficult terrain, it would be unwise to discontinue at 50 m and tum
to more expensive alternatives like surface water as additional ivatér stnkes
may be intercepted at much greater depths. £

4.5 Springs

Springs are imporiant groundwater sources in the high rainfall areas (mainly in
the east of the area as well as in the mountainous areas). Snowfalls in the
Drakensberg enhance recharge to the springs - the slow meilting process
allowing more time for percolation of the melt to groundwater as opposed to
rapid runoff from rainfall.

Springs emanate wherever the water table/piezometric surface coincides with
the land surface. Common spring sites include:

O dykes intersecting drainage features,
O contacts of dolerite sills/sheets,
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O basal contact of a fractured sandstone with an underlying less permeable
mudrock horizon,

O weathered basins (usually weathered dolerite sheets) also known as
“sponges”.

The yield and sustainability of spring flow depends on an interplay between the
recharge rate, the size of the groundwater reservoir, permeability of the aquifer
teeding the spring and the hydraulic head above the spring outlet. A perennial
high flow rate indicates both large reservoir capacity plus high transmissivity.
Flows of short duration after recharge events indicate a low reservoir capacity
relative to the transmissivity. In the latter case the relatively high flow rate
results in rapid dewatering of the source aquifer. Obviously flow from springs
which are more regularly replenished will also be sustained longer, but storage
capacity remains the overriding factor.

4.6 Groundwater quality and chemical
characteristics

4.6.1 Regional electrical conductivity trends

Regional quality trends are given in Fig. 18. The contour map is basedona
relatively sparse distribution of sample points and therefore only depicts
general trends. Local quality variations will occur with the resulfthat trends
depicted on the map can differ significantly from that found at a point in the +-
field.

In the study area electrical conductivities (ECs) rarely exceed the 360 mS/m
i.e. maximum acceptable limit for human consumption (SABS, 1984) The
areas where the 300 mS/m limit is exceeded include the extreme south as well
as in localised areas such as faulted terrain near Port St. Johns. In the latter
case it exceeds 1000 mS/m.

While the water quality for sampled springs and boreholes obtained from the
Dwyka Tillite Group diamictite (in the north-east of the study area) is generally
less than 300 mS/m, there are indications that deep saline water exists in this
rock type. Evidence for this is the saling springs (EG:= 1400 mS/m) emanating
at the bottom of deep gorges in the. Bizana area 3@0 m betow the surrounding
plateau (Bond, 1946). &

Anomalously high individual electrk:al coﬁductmnes are obtamed neﬂr Utptata
and Lady Frere. The reason for thesg hxgh ECs is not known eV A
in general the lowest ECs are found where the preezpl‘ta;ioa-is mghest il
Lower ECs are therefore found in the north-eas!em half oﬁ’me map\ where
annual precipitation usually exceeds 600 mn;anda_long mouhtain ranges
e.g. Amatola, Elandsberg, Didima ranges (F:g ;., The@orerqualﬁy water
oceurs in the topographic depressions where the:?precxpltaﬁon is lower.
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Comparison of fithology (Fig. 5) with precipitation (Fig. 2), elevation (Fig. 1)
and groundwater quality (Fig. 18) shows that the more resistant sandstone-fich
formations tend to form topographic highs or escarpment faces which receive
higher precipitation and display better quality groundwater e.g. Katberg
Formation north of Adelaide and the Molteno Formation east of Lady Frere.
The less resistant mudrock-rich lithologies tend to occupy topographic lows. It
is evident therefore that lithology influences groundwater quality trends, if only
by virtue of its influence on topography and hence precipitation.

FIG 18: GROUNDWATER QUALITY AND SOME HYDROCHEMICAL DETAILS
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4.6.2 Local cases of high nitrate and
fluoride levels

These two chemical constituents are introduced to give examples of chemical
characteristics for the area. In a reconnaissance-type study of this nature itis
impossible to map nitrate and fluoride concentrations for the area as a whole.
Thus when, say, high nitrate levels are discussed, it should be remembered
that the cases discussgd are by no means the only cases of high nitrate levels
to be found in this map area. Nor should it be implied that fluoride and nitrate
are the only two chemical constituents of concern in this area.

Nitrates

Fig. 19 is a frequency distribution histogram of nitrate concentrations from
analyses available on the National Water Quality Data Base.
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Eight percent of analyses available for the study area exceed the 10 mg/l
maximum limit for insignificant risk, and the localities of these elevated nitrates
are shown Fig. 18. An investigation by the author into the incidence of high
nitrates in groundwater to the north of East London revealed that inadequate
precautions in the design of cattle watering points were the likely cause -
resulting in faecal poliution of the water (Plate 5). It is likely that similar point
poliution sources are responsible for the scattered high nitrates across the
area.

Plate 5: A borehole which had to be abandoned due to nitrate poliution from ettle. excrement
(the cattle drinking rough is situated too close to the borehole and the borelfoléitself |
/s inadequately sealed at surface by the too small contrete block)

In addition downward leaching of nitrogenous fertiliser is a likely nitrate_ '
contributor, especially to the group of boreholes of the south-west:of #
Queenstown where intensive crop farming is practised. Another possib!%:
nitrate source in the Queenstown area is the treated municipal sewage water,
which is used for irigation.

Fluoride

Fig. 20 is a frequency distribution histogram plot of fluoride concentrations
from analyses available in the National Water Quality Data Base, the highest
recorded fluoride content being 5.6 mg/L.

Fluoride content exceeds the 1.5 mg/t SABS maximum limit for insignificant
risk in seven percent of the available analyses, the localities of which are given
in Fig 18. In the northern part of the study area the fluoride highs are most
common in boreholes drilled into the Molteno Formation.

High fluoride levels are often related to acidic igneous rocks, and the probable
granitic origin of the material which comprises the Molteno Formation
sediments (Turner, 1975) could be a source of the elevated fluorides. Gases
associated with volcanism are an important source for fluoride in natural water
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(Hem, 1970) and therefore another possible explanation for the fluoride
anomalies is the volcanic plugs which are relatively common at the
stratigraphic level of the Molteno Formation.

This explanation is supported by a comparison of the distribution ofhigh#” -

fluoride values in the Molteno Formation with the 1:250 000 pubhshe :
geological maps of the area, which reveal that the anomalies do indged-occur
in the general vicinity of mapped volcanic plugs. :

In the south-western part of the study area fluoride in excess 0#;*5 mg/l
occurs in the Middelton Formation in the area folded during the Qa%e@rogm
It is possible that these concentrations are related to the upwelling: of‘
deep-seated thermal water sources. The thermal spring associatéd
prominent fold structure to the south of Fort Beaufort provides eviderge to i
support this contention. The fluoride concentration of this spring watens )
13.2 mg/t (Kent, 1949) and the groundwater temperature 27° C. £

4.6.3 Groundwater hydrochemical classifi-
cation

The hydrochemical character of groundwater from the various lithologies is
summarised using the Piper technique in Fig. 21.

Based on the Piper (1944) classffication two main groundwater types are

present in the mapped area, namely;

O Sodium Chloride / Na HCO3 type occurring in the Middeiton' F6'riﬁétion At
the southern margin and along the coast, and

QO Calcium Magnesium Bicarbonate groundwater for the remainder of the
study area. Jow

-t

Sodium Chioride / Na HCO3 waters ’

Proximity to the coast with accompanying atmospheric fall-out is most likely
responsible for elevated sodium and chloride ionic concentrations along the
coast and in the Middleton Formation along the southern margin of the study
area.

An investigation of chloride and isotopic relationships (Sami, 1992) in the
Bedford vicinity revealed that the chloride ions are indeed of meteoric
origin, and that the process was one of a period of evaporative enrichment
of meteoric salts at or near the soil surface followed by periodic leaching of
these accumulations into the groundwater during storm/recharge events.

Calcium Magnesium Bicarbonate waters

With the exception of the Middelton Formation and the north-eastern coastal
margin, groundwater of the study area is predominantly of a calcium-
magnesium bicarbonate type with some sodium and chloride enrichment.
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FIG 21: COMPOSITE PIPER DIAGRAM
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This enrichment is most prevalent in the Burgersdorp, Katberg and Balfour
Formations. These bicarbonate waters are indicative of active groundwer
circulation (Johnson, 1974), the sodium and chloride ennchmenteeetmﬁtg
through ionic exchange in the groundwater flow paths. ‘

5 GROUNDWATER DEVELOPMENT

5.1 Exjsting utilisation

B g

'ological Map shows ea&?ﬂmaprwundwaieu :

c 0% abstrastion for.a giveri
quatamary catchment. Major abstraction in ‘s amculturd émgﬁon
mainly in the Queenstown area (Plate 6), and cipal supplies’

e.g. Tarkastad, Sterkstroom, Jamestown, Bedford Komga

P

The Generak
abstramoq usmg a circular symbol to de

Groundwater is also used for domestic supplies and smMa%enng in

the rural areas. The use of groundwater by rural communities is relatively
fow per unit area as a result of the widely scattered population and low
per capita consumption necessitated by distances from dwelling o water
source.

5.2 Exploitation Potential ~~* ..

5.2.1 Introduction o

Exploitation Potential is a generic term for describing aquifer rather than
borehole yields, and encompasses factors such as the availability of
groundwater, the cost of groundwater development, and the desirability of
using groundwater. It is not a fixed parameter like, for example storage
capacity, but can change according to the intended use of the groundwater.

In this brochure two facets of Exploitation Potential are examined:

0 HARVEST POTENTIAL = what can be absiracted if storage and recharge
are the only limiting factors,

O ABSTRACTION POTENTIAL = what can be abstracted if transmissivity is
the only limiting factor.

Harvest Potential thus represents the maximum sustainable abstraction,
while Abstraction Potential gives an indication of what can be practically,
economically or feasibly abstracted. The Abstraction Potential (according
to the definition used in this brochure) is not necessarily sustainable.
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Plate 6: Flood irigation from borehotes in the Queenstown area

5.2.2 Harvest Potential

Harvest Potential can be defined as the maximum annual volume of water
which is available for abstraction on a long-term basis without exhausting the
resource. It was calculated using methods broadly similar to the National
Harvest Potential Map (Seymour ef a/ 1996) but with refinements to take into
account local knowledge and more extensive data availability.

The Harvest Potential is between 2 000 and 80 000 m3km?/a (Fig. 22). The
parameters used were estimates, so the values depicted should be seen more
as order of magnitude estimates, rather than as assured maximum supplies.

5.2.3 Abstraction Potential

The Abstraction Potential (Fig. 23) for the various hydrogeological regions was
calculated by assuming that it is possible to establish a borehole yielding the
median yield every km and that this borehole is pumped for 12 hours per day.
Although the logic behind such a generalisation may be questioned, it does
allow a broad overall picture to be consiructed, and enables one region to be
compared with anothey.

5.2.4 Possibilities for additional development

The lesser of Harvest Potential and Abstraction Potential was taken as the
Development Potential (Fig. 24). The Development Potential is probably as
close as one can get to what might actually be abstracted, given the limitations
of such crude "broad brush" estimates.
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FIG 22: GROUNDWATER HARVEST POTENTIAL
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FIG 24: GROUNDWATER DEVELOPMENT POTENTIAL
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The population support capacity, a term used by glanners for the number

of people that can be supplied with water per km©, assuming a particular
consumption rate, is given for rural and urban supply in Figs. 25 and 26
respectively. For the rural situation a water requirement of 25 /person/day is
assumed and 200 {/person/day is assumed for urban populations.

5.2.5 Risk of over-exploitation

Although as a general rule over-exploitation is possible in any area

where potential demand exceeds supply, it is a particularly high-risk scenario
where the Abstraction Potential (what may be withdrawn practically or
economically) exceeds the Harvest Potential (what may be withdrawn
sustainably).

The south-western part of the map (Bedford area) is such an example

(Fig. 27). Here the boreholes yields are among the highest for the mapped

area, with a median of 5 {/s (or 79 000 m°km?/a assuming one borehole is
established per km? pumpin%12 hours per day) but the Harvest Potential is
lowest for the area ( 2 000 m /km2/a).

Areas such as the Bedford area are thus in more urgent need of groundwater
management advice or intervention than areas where Abstraction Potential

is much less than Harvest Potential - the bulk of the area. In these areas

of low Abstraction Potential the fow transmissivities are, in effect, the
groundwater abstraction controllers since they make over-abstraction on
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a regional scale both difficult and unlikely. It would require too many
low-yielding, closely spaced boreholes to over-exploit the low transmissivity
areas - a scenario that is highly improbable given the economics of drilling
and equipping so many boreholes.

From the available evidence it is not absolutely clear whether groundwater
is being over-exploited for agricultural irrigation at Queenstown. However,
given the high Abstraction Potential of this area, there is a real risk of
over-exploitation, and steps to ensure that this area is managed as an
integrated unit are urgently recommended.

5.2.6 Discussion

In order to better understand the complex interplay of factors involved in
quantifying the available groundwater resource some of the key issues, as they
apply fo this map area, are discussed below:

O Transmissivity/interconnectivity of fractures. The extent to which a
groundwater resource can be developed depends on the rate at which
boreholes can abstract the groundwater on a long-term basis
(abstractabie volume). This volume is limited by the rate at which
groundwater can flow toward points of abstraction, and is proportional to
the interconnectivity of fractures or extent to which fractures are
supplemented from the porous matrix of microfissures.

-

O Borehole density. This also influences the proportion of the Harvest
Potential which will be abstractable. For a given matrix transmissivity
low-yielding, closely spaced boreholes permit a higher recovery than high
yielding, widely spaced boreholes (Seward ef &/ 1996). The lower
recovery in the latter instance results from local dewatering in the vicinity
of the borehole (causing the borehole to "dry up") while there is,litttg -
drawdown in the aquifer at some distance from the borehole. I this way
only part of the groundwater available for abstraction can be recovered.
Closely spaced low yielding boreholes on the other hand result in a more
even lowering of the water level throughout the aquifer and a higher
groundwater recovery.

Q Density of drilling targets available in the area. An abundance of
targets evenly distributed across an area will represent a favourable
situation for full development of the resource because the possibilities for
capturing the resource are greater. Lower recovery is expected if there
are a limited number of targets or if they are closely concentrated within a
small portion of the area.

O Accessibility for drilling equipment. As a rule, the more rugged the
terrain the lower the development potential due to the smaller proportion
of the area which can be practically accessed for driling. This can be
offset by the greater number of springs expected in rugged terrain
receiving high precipitation.
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FiG 25: RURAL POPULATION SUPPORT CAPACITY (persons / km2)

assumes 25 { / person / day required

b = = = L i
Jamastown e o
o ) " aQuirby
.Ma’!eno I
S Sl LGy CUSIIN e =
UMTATA S
| @ Lady Frere
o Qusanatown
b
@ Cathoant !
|
|
L, = ! R
1
: | |
020% % Adulaide | U
4 BIEHO ’x Ket Motth
l o King muanrsTém:
: . EASTLONDOMs .1 =
> 26 77 % nr
— . Pe— r——
| Y200 L 200 - 800 £00 - 2000 2000 - 4000
40 o 180 km

FIG 26: URBAN POPULATION SUPPORT CAPACITY (persons / km2)

assumes 200 ¢/ person / day required
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FIG 27: GROUNDWATER OVER-EXPLOITATION HAZARD
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O Economic factors (forces of supply and demand). The recovery of all
the available groundwater on a regional scale is dependent on financial
resources to establish the required number of boreholes,. The more
profitably groundwater can be used the more finance is Ilkely tobe’
available for establishing a greater number of abstraction points - thereby
permitting higher recovery. For example an abundance of arable land will
permit crop production and a return on the capital outlay, this can then be
invested in further development of the resource. Low finaneial feturns on
supply established for purely subsistence purposes will on the gtt]g‘r hand
limit further development.

O Water quality. This can restrict the use to which groundwater can be
used. Hydrochemical analysis should be carried out on ali groundwater to
establish whether concentrations of the various elements comply with SA
Water Quality Guidelines (DWAF, 1893 a and b) for the intended use.

5.3 Borehole siting techniques

Borehote siting should involve firstly a desk study where available geological
maps, aerial photographs and satellite images are examined to ascertain the
hydrogeological setting and to home in on the most promising drilling sites.

This is followed by field proofing of features identified on aerial photographs

and satellite images, and hydrocensus, during which historical degree of
success on hydrogeological features in the area is ascertained. This
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information, plus examination of the geology at the most promising sites will
allow prioritisation of possible drilling sites. If necessary additional information
can be obtained using geophysical techniques.

Dolerite intrusions / contact zones

Exploratory investigations in the Queenstown vicinity (Vandoolaeghe, 1980)
employed a combination of aerial photograph and satellite image interpretation,
field mapping, magnetic profiling, resistivity traverses and exploratory drilling in
the location of target features. Magneiic profiling proved to be the most suitable
because the magnetic properties of dolerite allowed the contacts of these
bodies to be delineated. Recent investigations carried out in similar
hydrogeological terrain - e.g. Calvinia (Woodford, 1995) indicate that inclined
joint zones within dolerite may be located using electromagnetic methods. This
option should therefore be considered in future investigations. The resistivity
method can be used to defect the thickness of weathered material.

Fractured sedimentary rocks

'4 /' i {qw‘

e We&ﬂleremgne aquifers are more common in the humid eastern parts of the
stwd}tareaand in particular where the rocks are significantly jointed and

overiam by saturated alluvium. The resistivity method can be applicable in
dﬁe’t‘ecﬂn&gﬂ; ixtent of the weathered zone.
Detecti nof fractures confined to particular lithological units (e.g. sandstone
hOﬂi’GﬁS / contacts) is difficult. Because strata are horizontal the fractures do
nofaxtend to surface and cannot be predicted - successful boreholes being
Iargeiy driled by chance. In general jointing is not likely to be intense and
beddlng plane joints cannot therefore be considered prime targets. The use of
feslstivity and electromagnetic methods may be applicable in their detection.

S f\ * Delineation of vertical fault and joint zones is relatively straightforward,
L vig .. -, . employing a combination of satellite imagery and aerial photograph
o i interpretation, and field mapping. A combination of remote sensing and
electromagnetic geophysical methods is most probably a good approach as
indicated by relatively high yields obtained in the King William’s Town vicinity
using this technique (Groundwater Consulting Services (GCS), 1994).

{ 5.4 Drilling methods

Practically all the boreholes are drilled in hard rock, and the rotary percussion
method is most commonly utilised. While the cable tool method can be
cheaper it is also slower - drilling into dolerite is prohibitively slow with the
cable and tool method, and so intercepting water in, or beneath, dolerite
intrusions only became a realistic option with the advent of rotary percussion
drilling.
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5.5 Aquifer management

To ensure that a borehole can be used on a sustainable basis it is necessary
to estimate the sustainable yield of the groundwater unit in which the borehole
is situated. The storage capacity of this unit needs to be known, as well as all
water inputs to and outputs from the unit. Commissioning an additional
borehole means that some of the losses from the unit will now be diverted to
this borehole. Losses include base-flow, evapotranspiration and abstractions
from other boreholes.

Good aquifer management includes ensuring that diversion of losses is

acceptable, and ensuring that net losses do not exceed net gains ona

long-term basis for the groundwater unit as a whole, i.e. that the groundwater

abstraction is balanced by groundwater recharge in the long-term. In addition a .
practical pumping rate needs to be determined, based on the local

hydrogeological conditions.

This is a specialised task requiring the expertise of a geohydrologist, entailing
test pumping of the borehole, and an evaluation of the hydrogeology of the
aquifer unit. On the basis of this information recommendations on the pumping
rate, and correct pump size are made.

The fractured aquifers in the Queenstown map area are highly heterogeneous,

making it very difficult to make accurate estimates of sustainable yield. The

best way to determine what these aquifers can yield is to monitor groundwater !
abstractions and water-level behaviour so that the sustainable yields can be
refined. RO
This approach used by groundwater scientists might seem back to front

to those who are used to surface water where it is possible to reach

greater degrees of certainty before embarking on a supply scheme. In the
case of surface water direct water flow measurements can be made *
beforehand, and this information used to design dams of specific dimeqs;ion.
However, given the very low start-up costs of groundwater schemes the
initial lower level of certainty should not and need not be used as an excuse
to ignore groundwater.

Armed with this information it is possible to manage the resource, adjusting
pumping rates to sustainable levels (reduce the rate if continuous declining

trend in water levels is detected, or even increase rates if trend indicates
impact is limited).

6 STUDY LIMITATIONS

Some of the major limitations that came to light during the course of this
investigation are given below:



O The 1:500 000 map scale is too coarse to show subtle hydrogeological
variations at the local scale (topographic influences, dykes efc).

O The borehole yield ranges adopted for the standard legend are too coarse
to portray the small yield variations found on the Queenstown map -
virtually the whole area being in the 0.5 - 2 I/s category. Smaller yield
ranges are necessary to highlight these variations. A revised map was
created using these smaller ranges (Fig . 13).

O The division into "fractured” and "fractured and intergranular’ aquifer
classes was a somewhat academic exercise. It is doubtful if it will better
help the map user understand the hydrogeology. The colour palette used
in the legend would have been put to better use depicting smaller yield
intervals rather than "fractured and intergranular.’

O Poor borehole co-ordinate accuracy coupled with geological map
coverages of inadequate accuracy precludes use of GIS techniques to
overlay borehole information onto linear features (for comparison of
borehole yields on dolerite dykes versus those drilled away from dykes for
example).

@ Numerous Departmental borehole siting reports contain geological
descriptions of the drilling targets and a corresponding borehole site "G"
number. Upon drilling the site different a "Boring branch" number was
recorded for the site but rarely the original borehole site “G" number.
As a result numerous drilling resutts could not be correlated with target
descriptions, and detailed comparisons between local geology and. _. -
hydrogeology were scarcely possible. £ 3

7.1 Research into 9r°“ﬂdwater 3
occurrence

Much more needs & be known about the rqlé;ﬁgbnsf@"b@tWeén local geological
structures and groundwater occurrence. The data eoflection assaciated with -
the compilation of the Queenstown 1:508°000 map uniderined this problem, but -
did not go far enough in solving . : A A

& A¢
M

A host of potential drilling targets exist, such a’s"dy_Eé,s of various oriersation '
and thickness, sheets of varying structure, diaireme, weatheréd zon"eé_;,w' o
faults and fineaments, exist throughout the study area: Localitiés for testng-
these features should be those requiring establishment of groundwater 45
supplies, and specifically where larger scale supplies are an urgent &zlen
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requirement. For this reason priority drifling targets must be identified in
liaison with Chief Directorate: Water Services, which is responsible for the
development of water resources for the rural areas. Using this approach the
exploratory drilling will have immediate application and suitably focated
boreholes with adequate yield could even be incorporated into the supply
system. Monitoring of exploratory boreholes incorporated into the supply
system will provide valuable additional information concerning the performance
of these aquifers.

In addition all boreholes drilled in this area must be properly documented and
records entered onto the National Groundwater Daia Base.

7.2 Calibration of exploitation potential

It would be wise to regard the estimates of Exploitation Potential contained in
this brochure as the initial output from a model rather than final values. Like
any good model it needs to be calibrated. Thus research sites are needed
where abstraction data can be collected to calibrate the mode!. Suitable sites
covering the entire precipitation "spectrum’ must be identified to allow for
extrapolation of the results to the region as a whole. The following sites are
recommended:

1  Low rainfall area ( 500 mm/a)

Bedford area in the south-western corner of the map. Low ralr;jall goupled
with high borehole yields (high transmissivity) increase the risk fof over:
exploitation because groundwater is readily abstractable but recharge is

low. Extensive hydrological and hydrogeological information are already
available for this area from research conducted at Rhodes Unlversny a(Hughes
et al 1992).

.

2  Moderate rainfall area (500 - 600 mm/a)

Area between Tarkastad and Queenstown. Ideal research sites are present
with defined groundwater units - including "dolerite ring structures®. Springs
emanating from these units facilitate measurement of outflow. Quantification of
the resource is necessary because groundwater is extensively used for
irrigation and the possibility of over-exploitation therefore exists.

3  High rainfall area (600 - 800 mm/a)

The Amatola mountain range receives rainfall of this magnitude and its
location between the above two proposed research sites would reduce
logistical costs. Additional work is required to identify the exact locality of such
a site, which ideally must comprise a well-defined aquifer unit where
groundwater is exploited.
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