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Chapter | - Introduction

1. INTRODUCTION
1.1 Background

The Department of Water Affairs and Forestry has identified the provision of sustainable
water and sanitation services to all as being one of its top priorities (DWAF, 1994). The
challenge of providing developing rural areas in South Africa with sufficient potable water is
substantial, especially where settlement is not denscly concentrated and the ability to pay is
low. The water requirements of these settlements can be met most cost-effectively from
groundwater. The provision of these regions with sufficient potable water is complicated by
the large backlog in water delivery, which results in pressure for rapid service delivery at the
expense of time-consuming groundwater exploration methods.

Previous studies (King, 1997) have shown that some of the greatest water needs occur in
regions underlain by fractured basement aquifers with complex hydrogeology and where the
exploitation potential of groundwater has been thought to be low due to historically low
drilling success rates or the high frequency of low vielding boreholes. Groundwater
exploration success rates in these environments have been relatively low due to inappropriate
exploration or interpretation methods resulting from an incomplete understanding of the
gechydrology

The current paradigm of groundwater exploration in South Africa, as well as in many other
places in Africa, is based on a geophysical approach, where most borcholes are sited on
anomalies identified from magnetic or electromagnetic traverses, often with little or no
understanding of the structural geology of the target area. In many areas of complex
hydrogeology this technique has proved to be unsuccessful for a variety of reasons. Specific
causes that have been identified include

¢ an inadequate understanding of the occurrence of groundwater and the factors
affecting permeability in these terrains, leading to inappropriate exploration planning;

. siting of boreholes on geophysical anomalies without a conceptual understanding of
the geological framework and how it affects the geophysical response, or siting
boreholes without
an adequate interpretation of the geophysical data;

» the use of only one geophysical method, which makes the interpretation of anomalies
difficult or unsubstantiated,

" the use of inappropriate geophysical methods for the specific terrain; and

. mappropriate or insufficient quantification of the sustainable yield of boreholes due to
inadequate test pumping procedure or analysis methods.

As the demand for groundwater grows and the more obvious aquifers and target features
become increasingly exploited, it can be expected that further development will have o
consider alternative targets in such problematic and complex fractured geological
environments. Significant savings in exploration and especially drilling costs can be realised
if success rates could be improved. However, it is essential not to consider exploration in
isolation from resource evaluation. If these complex terrain's are 1o be developed in a
sustainable manner, the importance of quamifying groundwater resources will be magnified
due to the their low potential.

I'o improve the borehole success rate in these terrains, and 1o develop groundwater rescurces
in a sustainable manner, a multi-disciplinary approach is needed. This approach must
incorporate: 1) an understanding of the structural geology and its influence on the occurrence
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The evaluation of methods to estimate sustainable yield will assist consultants and
implementing agents with planning pumping tests and recommending pumping rates so that
groundwater abstraction does not exceed sustainable yield of the aquifer.

1.3 Selection of Research Areas

Field data is provided from 4 study areas in South Africa. The four research areas were
selected on the basis of the following criteria:

o« The area is densely populated rural region with underdeveloped infrastructure and
services and has been identified as a critical water deficit arca by DWAF,

« Water scarcity is a serious problem and the area and relies mostly on springs, rivers,
hand-dug wells and some boreholes. Groundwater would be a preferred water option in
the area because of its generally availability even in drought situations and its relatively
good quality.

o The areas are underlain by fractured bedrock aquifers where success rates and borehole
vields have been historically low, yet high yielding holes are present suggesting that
suitable hvdrogeological target features do exist.

The areas which have been studied include: the Natal Metamorphic Province of the KwaZulu-
Natal south coast in the vicmity of Mapumulo; regions underlain by thick Dwyka Group
rocks inland of the south coast in the vicinity of Harding; the greenstone belt of the Barberton
Supergroup in the vicinity of Tjakastad, and the basement rocks and greenstones of the
Limpopo Mobile Belt in the vicinity of Alldays.

1.4  Developing A Conceptual Hydrogeological Model of Terrains

Groundwater exploration in fractured rock environments is directed towards finding fracture
zones, bedding planes or contact zones where permeability is enhanced. These zones are
primarily structurally controlled: consequently, an understanding of regional tectonics and its
structural expression is essential. Tensile and shear fractures caused by brittle deformation are
the most hydrogeologically significant tvpes of structural expression in response to tectonic
stress. Boreholes located in tensional zones often have a significantly higher median specific
capacity than those in shears since shears can be subjected to intense weathering, which
reduces their vield potential,

Successful exploration consequently requires the development of a hydro-tectonic model
based on the original stress regime, from which promising structural azimuths can be
identified. Since stress forces can change several times over geological history, complex
fracture patterns are ofien seen in complex geological terrains that have been subjected to
several deformational episodes. This process can result in the reactivation of existing fracture
systems under new stress conditions, which may change their compressive or tensile
character. Consequently, the commonly used simplistic approach of identifying target features
from lineaments using LANDSAT imagery or aerial photographs needs to be treated with
caution. An understanding of the tectonic history of the region, and the accompanying
stresses resulting in brittle deformation, can be considered as the fundamental basis of
deriving a hydro-tectonic model for assessing and classifying potential target features.

1.5 Report Structure

The report is structured into two volumes. Volume 1 consists of: Chapter | describes the
objectives of the report; Chapter 2 outlines the investigative procedure adopted by the study
Chapter 3 provides the theoretical basis of the interpretative techniques utilised by the project
team. Chapter 4 provides a conclusion pentaining to the findings in each of the 4 study areas:
and Chapter 3 provides a synthesis of the investigation procedure and is designed 1o provide a
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Chapter 3 - Theory and Methodology

x X THEORY AND METHODOLOGY
3.1 LANDSAT Imagery

o
P
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tation of satellite imagery can help in the extraction of features that possibly act
-

and therefore is part of the investigation procedure applied in this

Rock types, fracture zones, fault zones, drainage patterns, and various types of unconsolidated
deposits or different vegetation patterns can be identified using satellite images. Satellite data

fault systems, or magnetic structures like dykes and sills can show up as linear features,

is especially useful in hard rock areas with limited regolith cover. Here, potential fracture or

commonly referred as lincaments
Although satellite data provide little information on the nature or origin or the lincament. it is
a means of finding possible targets, which can be then investigated through field visits or

geophysical surveys

The basic concept for remote sensing is that information about an object is contained in the
electromagnetic radiation passing from the object 1o the observer (Lo 1987). Fo
matenals the prime natural source, providing the energy is the sun, Subsequently

wergy is emitted as electromagnetic energy by the object. Reflection, absorption or emission
t

f rgyv bv the object lcads to either a subtraction or addition of the y at necific
wavelength from or to the original radiatuon. Theretore the wavelength-intensity relationship
of ar biect can be used to characternise variations in the subsurface bv collecting the
electromagne n leaving the object at a specific wavelength and measuring its

intensity, Every object mmposes its charactenstic imprint on the wavelength-intensity

relationship and spatial vari 15 can be used 10 dewect for instants vanations in geology, soil,
vegetation and land use. A sensor detects the electromagnetic energy. For the study arcas the
specific LANDSAT TM scenes were obtained, which cover swaths of 185 x 185 km

[he electromagnetic spectrum is divided into wavelength bands. They range from the short
wavelength UV band to the long wavelength microwave and radio bands. Table 3-1 gives a
list of spect Jivisions ed by LANDSAT TM and thewr applications for geological

features. The resolution of the bands is 30 m, except for band 6, whichis 120 m

Table 3-1 Spectral divisions used by LANDSAT TM and their applications for geological
features
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lable 3-2 Purposes of different digital technigques
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faults and fracture zone ¢ conductive ¢ water in discrete fracture zone
water-saturated clays. Since these are zones of 31 rock, the weathering process

ces faster along these lines and can thus be detected by electromagnetic tecl
fore the whereabouts of caments and fracture zones is important information with
regards to groundwater exploration. However, the electromagnetic method cannot directly
distingu: etween permeable fracture zones and zones of water saturated clay where the

‘-

eld is usually low to moderate (Palacky 1994)

The APEX Max Ml E
he instrument used for the electromagnetic Inves
horizontal loop electromagnetic technique (HLEM),
APEX Max-Min HLEM is a moving source — moving receiver system, where b
transmitter and receiver are moved along the survey line with a constant coil s

c re held coplanar and horizontally and the traver
the strike nterest. Max-Min svsten
r | { -"-«,'v"', \ 'k‘ l parat i) : 100 m ‘_:,-.
choice of ¢ cparatior ¢pendent on the expecte Investiga
| project paration )} m was chosen resulting in a penetration depth of at
leas ) ch is half the coil spacing. Conductors at greater depth may still be
recognizable, if geolegical conditions are able (Van Zyl & Kosthlin, 1986). O vhere
infrastructure or topograp id n Q ns, a 30 parat wa
ed epth penetrat C be slled qualitatiy ) ¢ frequenc
S N Spacing sen between 10 and 25 m 10 ensure a well-defined anomaly profi
' } ¥ 1 - . { {
| 1 C (o I\ 1 .~ )
T sur ns are taken b mparing the receiver signal with the p 1 ] and |
Cr s¢ 1 C receives | ¢ - ISC an ¢ Out-oi
receiver then a) e ¢ and out-of-phase components of the
Rkl o a ¢ > " — d <ty
Interpretation of HLEM data
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test. A more rapid recovery may be observed if either vertical recharge has occurred or if the
\X\Jf’lll‘.i(_~ is differemt durnng pumpmg ang recovery due to air cw‘mpmcn' or elastic
.f.’?'. rmation of the aquifer. A longer recovery time or incomplete recovery would indicate a
mt

LRI

Sami and Mur

longer peried than the pumping period, that is bey
necessary. Extrapolations can produce non-unique t

ed extent of the aquifer or lower permeability boundaries.

rray (1998) indicate that a major problem in applying the recovery method is
when incomplete or rapid recovery is c\pcncnccd Recovery

~

“y

ond x.'l‘ -
t" intercepts

rcadmgs are seldom taken for a
hence extrapolations are
» which may have serious

implications for yield derivations. For example, if intercepts cou I.i fall between 1.01 and 1.1
from a pumping rate of 4 I/s, which is a very plausible range given the standard error of slope
extrapolations, yields of 3.4 to 31.4 m" ’/day would be calculated. Extrapolations may also
produce a 11" value which is less than one, which gives a negative vield recommendation
In cases where rapid recovery occurs due to leakage from overlying material or variations in
storativity, relativel V1" values may be obtained. This results in the calculation of large
¢ld values. Since xtent of storage in these horizons is not taken into account, the
taimnability of these vields would be uncertain
1 - " ' . v s the e ' r T . . o] : 1} wwored
It is alsor elessary [0 examine the assumption that recovery time is rel: 10 the ; receding
pumping rate. Could a borehole pumped at a low rate '—'l ative 10 its potential require just as
ng to recover than if it were pumped at a higher rate? If a low rate was selec J a low
essure gradient would be induced in the fractures, which would limit their rate of
shment from the surrounding matrix. Consequently, similar t't’ intercept values may be
obtained irrespective of the preceding pumping rate. The implication is that a much lower
vield value would be ca ied relative to that which would have been calculated from a high
pumping rate recovery test. The applhication of this method should possibly be restricted
tests where the pumping rate is close 1o the borchole's capacity and where the recoven
f/l_'
-
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- '
v' s I
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. 20 1 1000
Figure 3-18 Graph of residual drawdown after a pumping test showing extrapolation of

recovery and intercept of time of 0 drawdown,

The late-T method

T n d (Kirchner & Van Tonder, 1995) i
follows 10 calculate sustainable vield

Q=4xTs/(2 2 log Q25T Ur S))

WICTIc

(Equation )







—fi

Chapter 3 - Theory and Methodology

a low p<n~-cubilit\ boundary is encountered. Equation 2 is used to recommend a daily
discharge, Q, however, the definition of parameters is different.

The available drawdown, s, is limited to the difference between the rest water level and the
drawdown at which a lower permeability boundary condition is encountered, as indicated by
an increase in the rate of drawdown cn the semi-log slope of the time-drawdown curve. This
drawdown is marked ‘drawdown to boundary' on figure 3-19. Transmissivity values are
calculated using the Cooper-Jacob methed on the basis of the early, pre-boundary pumping
data where radial flow exists. The method attempits to limit drawdown after long time periods
(e.g. 365 days) 10 a level at which dewatering of the more permeable zone occurs. This
method does not consider the nature of the boundary; nevertheless Sami & Murray (1998)
found that the method provided estimates that compared well to the maximum observed long-
term yield of boreholes in nearly 95% of cases.

Alternatively, available drawdown is taken as the thickness of the weathered formation below

¢ piczometric level or water table in aquifers which derive most of their storage from this
zone. By limiting the long term drawdown to the base of the weathered zone, the risk of
dewatering the storage component of the aquifer is reduced.

1 advantage of the drawdown-to-boundary method is that it aims to limit the long-term
drawdown 1n the borehole 10 a level at which a hydraulic boundary is encountered. As stated
earlier in this section, »..;h boundarics may be caused by different geological conditions. A
boundary may consist of a geological barrier that delineates the lateral extent of the aquifer; it
may consist of a geo w'u.:l formation with lower permeability, or zones within a formation of
lower permeability; and it may consist of a matrix of lower permeability than the fracture
zones of the aquifer

Maximum drawdown method

The maximum drawdown method is similar to the drawdown to boundary method in terms of
the calculation of available drawdown. However, it uses a graphical approach based on
calibrating discharge so that, using calculated aquifer parameters, a Theis curve maintains
drawdown below the identified boundary after long term pumping (Figure 3-20)
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Figure 3-20 Drawdown graph showing the sustainable pumping rate that would maintain
drawdown above the wdentified boundary,

The distance-to-boundary method
T .
' 44 (S

he distance 0 boundary method (Sami & Murray, 1998) wtilises 2 modified version of
Cooper-Jacob equation. The radius of the borehole, r is replaced by the radius of influence in
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An infinite aquifer would have an F2 of | and the derivative plot would have a horizontal

straight line. A single boundary would be expressed as a doubling of the derivative, while a
closed no-flow boundary would exhibit a straight line of unit slope at late time. Leakage
would appear as a strong downward trend.

33 Down-the-hole Geophysics

The newly drilled boreholes were also logged using gamma, apparent resistivity and self-
potential logging to determine the formation composition in terms of lithology, permeability
and conductivity. The data were obtained with the CHEMTRON bore logger, R 300, which is
with a portable bore hole logger that records the number of pulses detected per unit of time.

351 Gamma Logs

In gamma logging, measurements of naturally occurring radiation emitted by radioactive
elements encountered in the rock formation are taken. Gamma radiation is emitted from
elements, which are unstable and decay spontaneously into other more stable elements.
Certain radioactive elements occur naturally in geologic materials such as potassium 40,
uranium 238 and the thorium 232 decay series. Relatively high radiation is found in clay and
shales (potassium 40), whereas mature sand and gravel contain mostly stable elements like
silica. Therefore a natural gamma log shows increasing radiation opposite sedimentary beds
that contain potassium-rich shale or ¢lay and can be used for stratigraphic correlation and
permeability determination

352 Spontancous Potential Logs (SP log)

The SP log s an electrical logging technique, which measures naturally occurring electrical
potentials that result from chem
tvpes of subsurface geologic materials. The borehole has to be uncased and filled with drilling
fluid or groundwater.

ical and physical changes at the contacts between different

353  Apparent Resistivity
The resistivity log is an clectrical logging technique that gives a detailed picture of the
i ehi

character and thickness of the various strata as well as an indication of the water quality at the

well site

he resistivity log usually distinguishes between clay, silt and shale layers due to their
relatively low resistivity, and sand, gravel, sandstone, limestone, and dense igneous and
metamorphic rocks due to their very high resistivities. It is also possible 1o use the methed 10
detect fracture zones, The log usually responds clearly 10 open saturated fractures, hence there
is a limitation in that low resistivity anomalies which characteristically occur in the vicinity of
fractures can also be caused by lithological changes or by washouts caused by drilling
(Howard, 1990). Additionally, the water quality influences the log. In general, the resistivity
of a formation will vary inversely with the total dissolved solids content in the water.

A drawback of the method is that logging can only be done in uncased borcholes filled with
drilling fluid or water.

36 Financial Analysis

The objective of groundwater exploration is to ensure that water bearing targets offering the
greatest probability of success in 1erms of borehole vield are identified. In this manner drilling
costs are kept 10 a minimum by reducing the risk of drilling drv holes and the number of
boreholes required. This requires that exploration follow a carefully considered plan of
approach aimed at maximising the success rate in the most cost effective and productive
nanner. Borehole siting must not be limited to a fixed methodology or a limited exploration

319
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6: At Z:‘-. recovery per usage of R10000 per 180 x 180 km image and R1200 in man-hours
tor co-ordinate registration
Field mapping of outcrops and aerial photo interpretation
8: Casing costs are not considered as it is assumed that only successful boreholes would be
cased, which would result in similar casing costs for all ~:c:1-1rim
*9: According to the drilling success rate determined from the drilling records in the NGDB
*10. According to the drilling success rate as determined from the drilling records in the CIP
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4. SUMMARY OF RESULTS INSTUDY AREAS
This chapter briefly describes the outcomes of field investigations in the study areas. For a
more detailed discussion, the reader is referred to Volume Il of this report

4.1 Introduction

The results obtained in the 4 selected study area, the Dwyka tillites, the Natal Metamorphic
Province (NMP), largely granites and gneisses, the Limpopo Mobile Belt (LMB), gneisses,
amphibolites and quartzites, and the Barberton Greenstone Belt (BGB), mafic, ultramafic and
felsic lava, and carbonaceous cherts metamorphosed at a zeolite to green schist facies, show
that the methodology employed results in increased borehole success rates and median yields
compared to previous drilling (Table 4-1) and a reduction in both the average cost of
establishing successful boreholes and the cost of the water obtained (Table 4-2)

Table 441 Borchole Success Indicators

Geology Success Rate Median Yield
r 2 3 l 2 3

Dwyka Tillite 12% 7% 50% 0.16 s 0.1ls 0.1VUs

NMP S0%  63% 89% 01ls O0.1Vls 18Vs

| \lH -3”).7 ;-\'q: 66%% ‘),‘\‘) S lr' I's .‘ 9\ls

BGB 50% $9% 0415 1.0ls

W t\L".L'
National Groundwater Data Base, assumed to be a record of random drilling
2: Critical Intervention Programme where siting was based on geophysical methods on

R e - . " he .t |y ’ . \
3: Results obrained by the methodology descnbed in this study

-‘4

Table 4-2 Financial Indicators
Geology R 'successful borehole Rls

| 2 3 ] 2 3
Dwvka §9373 32100 25600 62170 321000 286000
\MP 22990 20710 18370 29900 207100 10206
LMB 30250 34855 23459 77564 348550 6254
BGB 22400 19875 60300 1837

4.2 Dwyka Group

The study showed that successful groundwater exploration for the arca is possible, but should
be limited to establish hand pump schemes. An evaluation of the structural geology and the
hydrogeological conditions of the arca, together with a suitable geophysical method for the
environment pushed the drilling success rate up from a historical 12 % to 50 %. The
unfavourable hvdraulic properties of the tillite however, limit the yield of holes and median
yields of successful holes could not be increased. Therefore, groundwater abstraction in the

area will mostly be restricted to exploitation through hand pumps to support small
communities. High yielding boreholes are seldom encountered and can only be found at

major fault zones where interconnected fracture zones are present to distinctively enlarge the
permeability of the subsurface. These are located at the margins of the Dwyka Group

s 2 > - . - y . n artal 1 whit
Median vields of successful boreholes of all three data sets are approximately 0.1 Vs, which

suggests that exploration did not result in significantly improved yields as well as success
J1CS

Low historic success rates have resulted in an expenditure of nearly R100 000 for the
establishment of each successful borehole. In comparison, a limited expenditure of about R33
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Chapter 4 - Summary of Findings in Study Are

gvound\\atct target in the area, no evidence of any additional aquifer at contacts between
different lithologies could be found.

The magnetometer helps in delineating faults or fracture zones if the features are either
broad so that weathering is significant and hence alters the magnetic properties of the
fault or fracture zone compared to the unweathered bedrock, or if the fault or fracture
zone scparates different lithologies.

Besides fracture zones, the most important water-bearing features in the study area are
deep weathered profiles. The occurrence of deeply weathered zones is strongly linked to
the geomorphology of the area. Where steep slopes encourage surface runoff, weathering
has been entirely removed and groundwater is exclusively controlled by faults and
fracture zones. Lower lying area or areas of a more gentle relief experience a significantly
reduced surface runoff and aquifers can develop in both the weathered profile and the
fracture zones of the basement rock Additionally, the weathered overburden can increase
significantly in depth over fault or fracture zones providing an additional shallow aquifer.
Ihe weathered material provides svgnlhcam storage, replenishes the underlying aquifer

To delineate deeply weathered profiles all three geophysical methods, the Max-Min
profiling and sounding, resistivity sounding and magnetometer profiles were beneficial.
The clectromagnetic technique indicates changes in the thickness or conductivity of the
weathered overburden with ramp, ndge or valley discontinuities. To determine the
thickness of the weathered overburden, resistivity soundings are necessary

Structures like dykes or sills are relatively rare and "o not play an important role as
groundwater 1argets in the area. Furthermore, they are difficult to detect by magnetics as
the intrusions exhibits similar magnetic properties as the host rock.

A correlation between lineament or fault azimuth and vield shows that successful
boreholes are associated with N-S, E-W and NE-SW trending structural features,
orientations of extensional nature. The only unsuccessful borehole was drilled into a NW-
SE fault. the orientation regarded as compressional in nature. However, results have to be
taken with caution, as thev are based on nine boreholes onlv. In general, the wide range of
azimuth trends related to successful boreholes suggests that a pervasive influence such as
erosional unloading is operating on all existing fracture systems.

=~
-

Ihe vield data set shows a strong correlation with lineament or fault length. The four
highest vielding boreholes are associated entirely with regional scale structural features,
whereas local features have a poorer groundwater pctcnual.

The topography is a decisive factor controlling the availability of groundwater in the
study arca. Besides the fact that geomorphology has a strong effect on the development of
weathered profiles, it also influences the depth of the static water level. At low altitude
static water levels are generally shallower and occur in the weathered profile, which serve
as a storage horizon

The financial analysis suggests that a more comprehensive exploration programme and a
larger exploration budget could in the long-term result in significant cost savings,
especially in large regional programs where costs of regional geological and structural
exploration are spread over many boreholes. [n such cases dedicating a larger proportion
of the budget to exploration than is currently the case may result in more efficient drilling
and a net reduction in establishment costs per site. For such an exploration program 10 be
successful it must incorporate field geological mapping, remote sensing and appropriate
geophy sical exploration based on the identified hydrogeological regime
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Chapter § — Guidelines for Groundwater Exploration

5.3  Tectonics and Geodynamics

5.3.1 Objective

Geodynamic investigations require that the tectonic history of the target be unravelled so that
mapped, identified or presumed structures and lineaments can be explained in terms of
historic and present day geological strain. Depending on the age of the rocks and the
structural complexity, this process may involve extensive literature review on the crustal
evolution of the region. Since these processes are of a large scale, investigations often are
much broader than the study area. For example, an understanding of the geodynamics of the
Natal Metamorphic Province requires a comprehension of Archean craton movement and
offshore transform faulting along the Aghulas Transform Fault during the break-up of
Gondwanaland. The Limpopo Mobile Belt requires investigation into plate tectonics and
craton collision during Archean times, and subsequent shearing during mobile belt
emplacement.

Emphasis is given 10 tectonic events that resuited in brittle deformation, however, in many
cases brittle deformation occurs along zones of existing weakness resulting from earlier
ductile deformation, such as ENE faulting in the Natal Metamorphic Province along earlier
ductile ENE shears.

The objective of geodynamic investigations is to obtain a conceptual model of pre- post- and
syntectonic geological evolution that describes histerical extension, compression and shear
orientations in geological time in order to define a chronologically expected pattern of
faulting by strain analysis using a strain ellipse. The potential rejuvenation of such structures
by subsequent tectonic cvents can then be identified and the present strain on existing
structures can be identified. EXisting structures considered 10 be under extension present
hvdrogeological targets.

Strain analysis conducted during geodynamic ivestigations also permits an understanding or
classification of observed lincaments and joint pattemns in terms of their origin and presemt
strain conditions, hence allowing the identification of preferred structures.

5.3.2  Methodology
I

he process involves investizations into:

e Identification of geological domains based on lithology, geochronology and structural
setting
e Pre-depositional environment to identify aquifer boundaries and their nature
(depositional-lithological versus post depositional or tectonic)
Plate tectonics and its impact on geological strain in the region
Metamorphism and ductile deformation episodes and their expression in the
lithologies
Intrusive and volcanic history
ecent tectonic history and processes
Mapping of faults and shears
Application of stress analysis based on historic strain and stress to derive a pattern of
faulting, folding, thrusting and shearing
e Verification of predicted faulting against observed fault pattern

N
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5.4 Structural Analyvsis
S.4.1 Objective
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o disturbance of the land surface hinders lineament identification

¢ surface cover such as sands prevents identification of subsurface structures

e lincaments are related to non-structural features such as lithological variations of
non-hvdrogeological significance

e rock physical properties are not sufficiently distinct to permit geophysical delineation

o features are too narrow to be delineated at the scale of the image

552 Methodology
Remote sensing investigations ideally require the following steps:

e Selection of applicable digital features to highlight features of interest

o Identification of lincaments and overlaying onto topographic and geological maps
using a GIS

e Preparation of strike-frequency rose diagrams to identify dominant orientations

e Preparation of strike-total length plots to identify regional orientations and trends

e Preparation of strike-maximum length plots to identify regional structures

e Idemification of target lincament orientations based on geodynamics, structural

analysis, and lineament strike analysis

5.6 Field Verification Investigations
5.6.1 Objccu\c
Field proofing investigations are required to identify the nature of target linecaments to determine their

nature and origin, and to pinpoint the lineaments in '1e ield using observation or geophysics, with due
consideration h ing given 1o constraints on siting. The objective is to identify dnlling sites on structural

features identificd as being of hvdrogeological significance at locations where drilling and water
abstraction are physically, economically, socially and legally acceptable

A field survey is also required 1o evaluate the effect of constraints on target site selection. These
constramis may include

e topographic and access constraints affecting drilling rig mobilisation

emand location and topographical constraints oa reticulation or distribution
. quantitative water demand and its impact on target location in terms of large regional
structures versus smaller local structures

®  access 1o properties and water rights

¢ contamination potential and vulnerability

e Accepiance of drilling site by stakeholders
'

Ihese constraints impact on the point a1 which specific linear targets may be targeted and ultimately

determine where the boreholes can be sited

5.6.2 Methodology
Field investigations include

e Observation of land use and geology to identify the nature of identified lineaments
and ensure that they are potentially structurally significant

e Observation and evaluation of constraints in terms of land ownership, drilling rig
accessibility, topographic constraints between source and demand location, distance
from demand points, contamination

o  Geophysical profiling using appropriate methods and techniques perpendicular to
structures or lineaments identified from satellite imagery or J:::.:I photos but not

directly observable on the ground in order to pinpoint the target feature’s location in
the field

.-
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5.8 Recommendations for Future Rescarch

The major shortcon ntered during the pr 1 was that the current situation in Sout

Africa h resulted | fundamental split between geological mappir rroundwater

exploration. Geological mapping has been hithologically and petrologically oriented, with
tructures other than mapping the location of major faults. Little

id 1o joint mapping to permit a structural analysis. In addition,
4

has been considered, has often ignore ¢ cent post-

re
¢
deposition deformation. For example, strain and stresses on Archean rocks resulting

from the break-up of Gondwanaland is rarely ribed and the geological communi 1as
concentrated on Archean tectonics and unravelling the complexities related to the of
netamorphic episodes. As a result, a2 hvdrogeologist consi
feature st 0 a mapping exercise. This project
usually requires 2 days to complete 4 1:50 000 sheets, hoy
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Fieure 5-1 Flow chart of the recommended groundwater exploratior Process
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