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Chapter 1. Introduction. 

1.1 General char~cteristics of the Kruis River Study area. 

The study a rea wh i ch lies scuth west of Ui tenhage, (;ompri ses some 10Bkm' and 
includes the cadastral farm of Kruis River from which it gets its name 
(Figure 1). Although littl~ accurate data are available of the detailed 
climate of the Kru is River area, Marais (1964) quotes average rainfall and 
potential 
610mm per 

evapor·ation figures for the adjacent Groendal area of, 5Blimrr: and 
annum respectively. Rainfall to the area is mostly in the form of 

hard downpours during the last four and first three rr,onths of the year . 

The southern portion of the Kruis River area is drained by the Elands and 
which enter the area in the south -west and south-east r'ol rivers, 

respectively. 
River on the 
direction and 

The HoI River flows north to join the easterly flowing Elands 
farm Ecoeale, from which point the Elands River changes 
flows in a north-easterly direction to join the Swartkops 

River at Doornlaagte. The S~:artkops River drains the northern and eastern 
parts entering the area in the north-west near Rooikrans and leaving the 
area in the East at Niven's Drift. The Swartkops River i s braided in nature 
with large quant ities of alluvial mater ial deposited in the r iver va lley. 
It is on alluvial material deposited in the Elands and Swartkops river 
valleys that the dominant agricu ltura l activity of market gardening takes 
place. 

In the east of the Kru is River area an inlier of resistant quartzites of the 
Table V:ountain Group, (ir, future referred to as LM.G.) projects through the 
surrounding Cretaceous strata to form a prominent hill. The mountains 
marking the northerr, bcundary of the area are the physiographical express ion 
of the Uitenhage or Coega fault which trends west-north-west/east-south-east 
and which is thought to separate Kruis River from the prir,cipal port ion of 
the Uitenhage Artesian Basin . In the west of the region is a deeply 
dissected mountainous region which forms the Elands River Forest Reserve and 
is thought to constitute the ma in recharge area to the Kruis Ri ver system. 
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1.2 Historical Review of the decline in groundwater levels. 

The Uitenhage Artesian Water Control Area came into be ing in 1957 in terms 
of Government Proclamation 260. The proclamation of the control area 
largely resulted fr om pressure by the Uitfnhage Municipality and a number of 
farmers whose established abstractions were being detrimental ly effected by 
the increasing number of boreholes being drilled in the region. 
Hydrogeologically the region may be considered to consist of three separate 
un its, the Coega Compartment, the Bethelsdurp Compartment and the Kruis 
Kiver area. The Kruis River area forms the area of this study. 

The first boreholes in the Kruis River area were dr illed about the year 1911 
(Enslin, 1962) and by 1959 approximately 36 holes had been drilled. The 
piezometric level exceeded col lar elevation in an estimated 14 of these 
boreholes. By 1977 abstraction from the system is thought to have resulted 
in the cessatior, of natural flow from KR 41,the last flowing artesian hole 
in the area. At present although all of the 35 boreholes currently in use 
are still artesian in nature, in no borehole does the piezometric level 
exceed co llar elevation. 

Geo logica l and hydrological i nvestigations of the Uitenhage artesian Water 
Control Area were conducted by Enslin (1962) and Marais (1964) of the 
Department of Geological Survey, in order to provide information about the 
geohyd rol og ical cor:ditions. 

1.3 Study Objectives and Research Aims. 

Despite previcus studies the formations which serve as aquifers (storage and 
conduit) were not readily identifiable, nor were the aquifer properties or 
dimensions known with any certainty. This investigation aimed to broaden 
and deepen the understanding gained from previous reports and to provide a 
scientific btsis for future hydrological management. Because of time and 
cost constraints it was necessary to impose limits on the scope of the 
investigation. For this purpose the most important questions concerning the 
hydrogeology of Kruis River were formulated as research aims. 
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AIMS OF THE INVESTIGATION 
1. Which lithological unit/units form the aquifer/aquifers in the Kruis 

River area? 
2. What is the lateral extent of the aquifer lithologies? 
3. What is the transmissivity and storativity of the lithological unit/ 

units which form the aquifer/aquifers? 
4. To what degree is/are the lithologies hydraulically independent of 

one another? 
5. What is the nature of the relationship between water chemistry and 

lithological type? 

1.4 Methods of Investigation. 

Davis and De 
geohydrologicaI 
tlydrogeology as 

Wiest (1966) give a basic guideline of what regional 
investigation should encompass, when they define 

"the study of groundwater with particular emphasis given to 
its chemistry, mode of' migration, and relation to the geologic environment." 
p1. Hazel (1975) follciws a more applied approach when he states that, "the 
science of groundwater hydrology is concerned primarily with evaluating the 
occurrence, availability and quality of groundwater." p1. 

In order to undertake such an evaluation, 5dditional data aquisition methods 
used by Walton (1970) and those used by Reeves, Skinner and Wilkinson (1975) 
have been considered. It was found that eight groups of survey data and 
information are required. The surveys are ' listed below in the normal 
sequence of execution although inevitably linked and interrelated to such an 
extent that progression from one survey to another should be , considered 
gradational. 

1. Desk study and literature survey. 
2. fiydrocEnsus. 
3. Geological and geohydrological mapping. 
4. Geophysics survey. 
5. Drilling programme. 
6. Aquifer testing programme. 
7. Hydrochemical survey. 
8. Piezometric levels. 
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The eight groups of survey data and information outlined above have been 
selected to ~eet the needs of this particular investigation. Chapter three 
onwards considers each survey and explains the essential relevance of each 
in establishing an understanding of the hydrogeological system of Kruis 
River. 

\ 
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Chapter 2 Hypotheses. 

To fulfi ll the aims of the investigation the following hypotheses have been 
formulated based on literature and previcus work: 

A. Identification of the aquifers. 

1. The sar,dstone and congloIT;erate lithologies of the Kirkwood and Enon 
Formations form the aquifers in the area. 

2. ThE: most easily exploited portions of the aquifers are located close to 
pre-Cretaceous outcrop . 

B. Hydraulic properties of the aquifers. 

1. There is considerab le hydraul ic continuity between aquifer 
lithologies of the Kirkwood and Enon Format ions. 

2. Red uced transmissivity reflects the presence of sediments derived 
from the Bokkeveld Group in the area of mixed provenance . 

C. Hydrochemical characteristics of the aquifers. 

1. Better quality water is associated with arenaceous and rudaceous 
sediments. 

2. The dominant influences on the hydrochemistry of the study area are 
the hydrological prcperties of the lithologies and the contribution 
of ions to the aquifer lithologies by the marine/esturine mudstones 
of the Kirkwood Formation. 

D. Recharge. 

1. The major source of recharge to ·the system is from Pre-Cretaceous 
and Cretaceous lithologies to the west of the study area. 
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Chapter 3 Preliminary Studies. 

3.1 Desk study and literature survey. 

The desk study included the study of aerial photos, orthophotos, geological 
maps and reports from previous investigations (Table 1). Valuable insights 
were obtained from two main sources, from investigations by Enslin (1962) 
and Marais (1964) and from borehole records held by local control 
authorities. 

TABLE 1 PREVIOUS INVESTIGAT10NS UNDERTAKEN IN OR NEAR THE STUDY AREA. 

Year Author Field of Study or Title 
1947 V • L. Bosazza Report on the location of the Artesian waters in 

the Cape area, Port Elizabeth district. 
1948 T.O. Morris Notes on underground water supply pro~pects in the 

Algoa Bay area, with particular reference to 
Hougham Park. 

1955 E.D. Mountain The Uitenhage Artesian Basin. (Presidential ad-

1962 J.F. Enslin 

dress to the S.A. Association for the Advancement 
of Science). 
Verslag oor die Uitenhage Ondergrondse Waterbeheer­
gebied. 

1964 J.A.H. Marais Preliminary report on the geological-geophysical 
investigation of the Uitenhage Artesian Basin. 

1980 A. Stone Hydrogeology of the Uitenhage water control area. 
(Ongoing research study) 

1985 A.J. Venables A hydrogeological assessment of the Uitenhage-Coega 
artesian system. 

Borehole records from 1957 indicate considerable uncertainty as to the 
stratigraphy of the water bearing zones. The high proportion of recorded 
drilling attempts and the frequency with which drilling tools were lost 
indicate difficult drilling conditions encountered within the conglomerates. 
Geological maps included in previous reports were deficient in detail and at 
an inadequate scale. 
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3.2 Hydrocensus. 

Because of high costs of drilling it is essential to make the greatest 
possible use of existing boreholes. Specially drilled observation points 
represent in the aggregate, according to Walton (1970), a 'negligible 
proportior, of the total volume of rock materials through which groundwater 
moves. The hydrocensus serves a dual purpose as it enables not only the 
formulation of a field understanding of the system by providing data on 
yields, formation types, and depths at which water is obtained, but also 
expands the basic data base of the investigation and may reveal areas 
requiring detailed investigation. Although complete data for each borehole 

a'r.eseldom available, the borehole survey involved the attempted measurement 
of the following four criteria: 
a) depth to water level below collar elevation or piezometric water levels 

for artesian boreholes, 
b) total drilled depth, 
c) yield and annual rates of abstraction, 
d) quality of water available. 

An inventory of the survey results is contained in Appendix 1 and contains 
available data for all boreholes still in existence within the study area. 
It should be noted that many more boreholes were drilled, but have been 
excluded from the inventory because of either a total , lack of available data 
and/or because of uncertainty of location due to total collapse and 
disappearance. Piezometric and yield data obtained from this , survey ' are 
combined and discussed with later surveys. Water quality information 
obtained is discussed in Chapter 8. 
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Chapter 4. Geology and Geohydrology. 

4.1 Geological and Geohydrological Mapping. 

The subsurface distribution of permeable, semi-permeable and impermeable 
rock, although often more difficult to map than stratigraphy, is the prime 
factor influencing hydr'ogeological variations between different formations. 
Field mapping emphasizing lithology and associated hydrogeological 
variations was undertaken in the study area (Figure 2) although broad 
stratigraphie nomenclature was also used because of co-incidence of certain 
lithographic and stratigraphic boundaries. Detailed hydrogeological mapping 
of outcrop and structure was regarded as important in the explanation of the 
Kruis River geohydrological system. Todd (1980) and Freeze and Cherry 
(1979) emphasise that detailed knowledge of lithology and structure are a 
prerequisite of hydrogeological interpretation. 

4.2 Regional Controls. 

Structurally the Kruis River area is within the Algoa tectonic basin which 
according to Truswell (1977) formed as a result of faulting after the Mid­
Jurassic period. Winter (1973) relates the faulting to the tensional stress 
fields resulting from the moving apart of the continents at the break-up of 
Gondwanaland. The Algoa basin however is not a simple trough but a complex 
assemblage of sub-basins which have culminating deeps opposite the greatest 
displacements along the boundary faults. The Algoa basin is classified 
accor-ding to the scheme of Halbouty and others (1970) as a Type 3 graben or 
rift-type basin. It is into such a graben that the Cretaceous lithologies 
found in the artesian Uitenhage trough were deposited. Mountain (1955) 
describes that Uitenhage trough not only as a structural basin, but also as 
a topographical basin being in pre-Cretaceous times, "much more of a basin 
than now, with higher mountains and much deeper valleys." 

As the Kruis River area embraces part of the inland western portion of the 
Uitenhage trough, the floor configuration is strongly controlled by 
palaeogeomorphology and basement structure, with the underlying folded Table 
Mountain quartzites and Bokkeveld shales of the Cape Supergroup influencing 
floor morp~.ology. Due to the close proximity of Kruis River to the source 
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area for Cretaceous deposits, the portion of trough under study is filled 
with a dominantly clastic succession. The succession represents major 
environmental facies of deposition commencing with high energy continental 
alluvial fan type deposits of continental fluvial origin. In the east of 
the Kruis River area deposits forming shallow-water marine and esturine 
facies may conformably overlie and intertongue with deposits of the fluvial 
environment. (Winter 1973). 

4.3 Pre-Cretaceous Stratigraphy. 

The Pre-Cretaceous stratigraphy may be divided into two subdivisions in 
terms of structural location and age rather than lithological type. The 
first are rocks belonging to the Pre-Cape Basement, of late Pre-Cambrian to 
early Palaeozoic age, which are exposed on the upthrown side of the Coega 
fault in a narrow band to form the northern boundary of the Kruis River area. 
Marais (1964) describes these rocks as quartzites with subordinate inter­
colations of phyllitic shale. As these rocks cover only a small area north 
of the study region and are structurally, lithologically and therefore 
presumably geohydrologically similar to the overlying Table Mountain Group 
(T.M.G.), they are not considered to be of any individual im-portance and 
will be considered together with rocks of the Table Mountain Group. 

The second of the subdivisions are the rocks of the Cape Supergroup. The 
Cape Supergroup comprises the Table Mountain, Bokkeveld and Witteberg 
Groups, of which only the Table Mountain and Bokkeveld groups occur within 
the study area. The (T.M.G.) conformably overlies Pre-Cape rocks (Winter 
1973) and is composed mainly of quartzitic sandstones and very minor 
interbedded sha Ie bands. The T. M. G. atta i ns a maximum th i ckness of 400m in 
the Western Cape (S.A.C.S., 1980) but is unlikely to reach these thicknesses 
in the study area due to southward and eastward thinning of the lithologies 
and local erosional processes. 

No distinction between the various formations of the T.M.G. within the study 
area is made, as lithological variation is small with primary porosity and 
permeability being extremely low due to pressure solution and silica 
cementation of individual grains. Figures 3 and 4 are photographic 
enlargements of thin sections of T.M.G. quartzites. Figure 3 illustrates the 
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FIGURE 3 PRESSURE SOLUTION IN lHE QUARTZITES OF THE TABLE MOUNTAIN GROUP 
(Magnification x 42) . 

~. .. 
.
... o? ''-: 

. . . 

FIGURE 4: SILICA CEMENTATION IN THE QUARTZITES OF THE TABLE MOUNTAIN GROUP 
(~agnification x 42). 
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feature of pressure solution while figure 4 shows the infilling of pore 
spaces by silica cement. In both instances the primary porosity of the 
T.M.G. quartzite is shown to be poor. T.M.G. rocks form the basement 
lithology to most of the study area with the exception of a small portion in 
the south. Because of high competence the quartzites are intensely 
fractured and may form an important recharge conduit from highland outcrop 
areas in the west to overlying Cretaceous sediments in the east of the study 
area. North of the Kruis River study area the T.M.G. yields plentiful 
quantities of high quality water and forms the most important aquifer in the 
region (Venables 1985) 

In the south of the study area, the Bokkeveld Group of rocks conformably 
overlie the T.M.G . to form the basement. The Bokkeveld Group reaches a 
maximum thickness of 300m (Theron, 1970, 1972) and according to Du Toit 
(1954) is of late Early Devonian age. Dark-grey phyllitic shales dominate 
the group with thin impure quartzites yielding comparative ly small 
quantities of poor qual i ty water (Marais, 1964). Despite the fissile 
appearance of the shales in exposures, the strata are reported by Marais 
(1964) to be impervious and generally to serve as an aquiclude. 

4.4 Cretaceous Stratigraphy. 

The Cretaceous stratigraphy of the Uitenhage trough consists of three 
formations, the Sundays River Formation, Kirkwood Formation and Enon 
Formation. The formations are jointly known as the Uitenhage Group, and are 
considered by Rogers and Schwartz (1901) to be largely contemporaneous 
latera l facies. Shone (1981) supports the case for l atera l gradation 
between the Kirkwood and Sundays River Formations while Winter (1973) and 
MacLaghlan and McMillan (1976) suggest the possible presence of a regional 
unconformity between them. Shone (1976) using work done by Lock (1975) 
states that palaeoslope angles for the deposition of the Enon Formation is 
marked ly different from that for the Kirkwood and Sundays River formations, 
suggesting the existence of a regional unconformity between the Kirkwood and 
Enon Formations. Cespite uncertainties as to the nature and exact location 
of the various boundaries, the Sundays River formation is shown both by 
'Ruddock (1968) and Shone (1981) to be confined to an area of the Uitenhage 
trough East of the Kruis River study area. 
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The Enon Formation consists of conglomerates interbedded with subordinate 
lenticular red, yellow and green sandstone and predominantly red-brown 
claystones reportedly devoid of fossils (Winter 1973). The clasts are 
genera lly poorly sorted and sub-rounded . The predominant shape acco rding to 
Shone (1981) is that of the Zing spheroid. Both clast and matrix material 
varies consicerably within the stt;dy area with predominantly quartzite 
clasts derived from the T.M.G. rocks occurring in the Elands and Swartkops 
river valleys. The distribution of clast type is related to rock type in 
source areas with the Ho i river contributing most shale clasts to the 
scuthern portion. Matrix material varies from a medium grained white 
sandstone to red-brown claystones. Strong red colouration dominates near 
Bokkeveld provenances in the south while in the Swartkops and parts of the 
Elands river valleys colours become generally lighter as matrix grain size 
increases upwards through the sequence. Figures 5 and 6 are photographic 
en l argements of thin sections taken from the Enon Conglomerate. Figure 5 is 
an example of the conglomerate in the south of the study area ·whi Ie figure 6 
is an example of the conglomerates found in the north west. 

Observed variability in yield and water quality from boreholes intersecting 
the Enon Formation are mainly re lated to matrix variability. During mapping 
a distinction was made between the conglomerates according to their 
petrology. The conglomerates are devoid of secondary structures and are 
quoted by Marais (1964) as being characterised by relatively l ow 
permeability and porosity. The age of the Enon Formation has been 
provisionally placed by S.A.C.S. (1980) in the upper Jurasic although the 
rocks upon which this dating is based are highly weathered and Marsh et al 
(1979) consider this date to be unreliable. 

The Kirkwood Formation consists main ly of clastic sediments composed of 
cross-bedded sandstones of fluvial point bar facies with channel lag gravels 
and silty mudstones which characteristically show patches of greenish-grey 
and grey from local reducing conditions. The term "marl" applied to the 
mudstones in older papers according to Winter (1973) is a misnomer as the 
clays are very poor in lime. The sandstones which vary in size from coarse 
to silty sands are described by Shone (1981) as sub-mature li thic arenites. 
The Scuth African Committee for Stratigraphy has accepted evidence by Winter 
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FIGURE 5: ENON CONGLOMERATE FROM THE SOUTHERN PART OF THE STUDY AREA. Note 
the presence of both quartzite and shale pebbles with a clay matrix. 
(Magnification x 10,5). 

FIGURE 6: EN ON CONGLOMERATE FROM THE NORTH-WESTERN PART OF THE STUDY AREA. 
~ote the predominantly quartzite pebbles and the silt/sandstone matrix 
material. (Magnification x 10,5). 
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(1973) to the effect that the Kirkwood Formation lies conformably upon the 
Enon Formation and locally interfingers with it. Shone (1981) however 
presents a case for the existence of an unconformity between the Enon and 
Kirkwood Formations. 

The maximum thickness of the complete Kirkwood succession is estimated as 
2210m (S.A.C.S., 1980) and is considered by Robertson Research International 
(1970) to range in age from possible late Jurassic to early Cretaceous. The 
upper limits of the Kirkwood Formation are defined by .S.A.C.S. (1980) as the 
top of the uppermost red-brown mudstone while the lower limits are defined 
as the lithologies conformably following the last massive bed of Enon 
Conglomerate. It is possible to include in the Kirkwood Formation all 
conglumerates that cannot be described as massive. For this reason no 
geohydrologic boundary is expected to exist between the Enon and Kirkwood 
formations although hydrological parameters such as porosity and 
permeability can be expected to undergo a gradational change from the Enon 
to the Kirkwood Formations. 

The mudstones of the Kirkwood Formation which overlie the sandstones and 
conglomerates are characterised by very low perrr.eabilities and are therefore 
thought to constitute the aquiclude which confines the groundwater within 
the study area giving rise to the artesian condition. Perched water table 
conditions are also possible in lithologies which overlie the Kirkwood 
Mudstones. Connate water salinities quoted for the Kirkwood Formation by 
Winter (1973) are between 6000 and 6200 p.p.m . with .the peak occurring at 
the top of the Kirkwood Formation. Marais (1964) states that most of the 
groundwater in the Kruis River area is encountered within the "sandstone 
facies of the Enon · Conglomerate" the lithology now reclassified as the 
major lithology making up the Kirkwood Formation. The broad 
hydrolitr,ological relationships of the Kirkwood and Enon Formations are 
summarised in figure 7. 



17 

FIGURE 7 SCHEMATIC CROSS SECTION OF THE KIRKWOOO AND ENON FORMATIONS 
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4.5 Post Cretaceous Stratigraphy . 

The Post -Cretaceous stratigraphy in the Kruis River area is made up of late 
Tertiary to Recent deposits which unconformably over lie the Cretaceous 
strata. The deposits are made up of sand, gravel, silt and clay, and are 
restricted to the river valleys where intensive cash crop farming takes 
place on the fertile silt soil. The deposits are thickest in the Swartkops 
River valley and are of little geohydrological importance except where 
shallow wells and seepage pits have been constructed immediately adjacent 
to , or 
closely 

in the 
re I ated 

river beds. Quality of water derived from such sources is 
to surface water quality as the pits merely tap the base 

flow component of the rivers. 
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Chapter 5 Geophysics. 

5.1 Introduction. 

Geophysical exploration is the scientific measurement of physical properties 
of the earth's crust for investigation of mineral deposits or geologic 
structure and lithology (Todd, 1980) or for estimating aquifer properties 
such as permeability and porosity (Barker and Griffiths, 1981). The most 
commonly used geophysical techniques used in the field of geohydrology are 
the electric resistivity and seismic methods. For the same depth of 
investigation, the resistivity method is according to Van Zijl (1977), 
appreciably cheaper to apply, and more flexible in application than the 
seismic refraction method. 

Geophysical methods detect differences, or anomalies of physical properties 
within the earth's crust, measurements are made of variations of density, 
electrical conductivity, magnetic susceptibility, electrical potential, 
elasticity and other measurable physical properties of the earth (Todd 1980 
and Davis and de Wiest, 1966). If the variations in the measured properties 
are small or if the spatial distribution of the geologic units is too 
complex, results may be difficult or impossible to interpret. Geophysical 
methods are therefore most useful when supplemented by drilling to obtain 
subsurface information. For this reason at least one correlation borehole 
was drilled per resistivity traverse during this investigation. 

5.2 Electrical Resistivity Method. 

Two types of electrical potentials can be measured with the electrical 
resistivity method; 

1. Natural electrical potential; 
2. Induced electrical potential; 

As the use of natural potentials in geohydrology has been limited to 
research work in areas where waters of vastly different chemical composition 
are in contact with each other, (Davis and de Wiest, 1966) or for use in the 
mining field with the detection of ore bodies, this method will not be 
discussed further. Induced electrical potential, is created by periodically 
passing a direct current through the ground usually for short periods, first 
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in one direction then in the opposite direction. This method is known as 
direct current electrical prospecting and may be conducted in two ways: 

1. Vertical probing, where information regarding changes in resistivity 
with depth are obtained by progressively increasing the depth of 
investigation. The method is most effective when geoelectric 
horizons are relatively flat lying or gently dipping and are 
laterally homogeneous and extensive (Van Zijl, 1977). 

2. Lateral profiling, where a constant electrode spacing is selected to 
produce the desired depth of the survey. Measurements are taken at 
different locations to yield a map of isoresistivity lines. 

Vertical probing is most useful in providing information regarding changes 
in resistivity with depth while vertical discontinuities are mainly 
investigated using the lateral profiling technique. Both methods are used 
to provide data on bedrock or aquifer depths, groundwater quality changes 
and fresh water/salt water interfaces. 

Measurement of apparent resistivity is possible from numerous standard 
electrode spacing arrangements, of which the most commonly used are the 
Wenner and Schlumberger arrangements (Figure 8). The Wenner configuration 
has the advantage of a more direct relation between electrode spacing and 
depth of current penetration than the Schlumberger confi£uration although 
errors in calculated depth of several hundred percent are quoted by Davis 
and de Wiest (1966). The Schlumberger configuration is preferred by Van 
Zijl (1977), Smith (1982) and others as the sounding curve is only minimally 
distorted by electrode effects (A and B). The configuration allows a 
clearer definition of subsurface conditions for a given outer electrode 
spacing than does the Wenner configuration whose soundings are distorted by 
both AB and MN electrode effects. As vertical definition is considered 
important, the Schlumberger configuration was used exclusively in this 
investigation. 



20 

FIGURE 8 SCHEMATIC REPRESENTATION OF THE WENNER AND SCHLUMBERGER ELECTRODE ARRAYS 
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All earth materials conduct electr icity although the resistivity of 
different layers varies widely as a result of the variable influences of 
highly resistive minerals such as quartz, feldspar, and calcite, and fluids 
of varying but generally low resistivity which may be present in the rock. 
Electrolytic conduction, or the conduction of electricity due to the 
Presence of mineralized water contained in pores and fissures, is attributed 
by both Van Zijl (1977) and Davies and D'eWiest (1966) to be the primary 
conduit for electrical conduction. Electrolytic conduction is largely a 
function of the chemistry of- the saturating fluid, the degree of saturation 
and the combined primary and secondary porosity of the, rock. The presence 
in rocks or sediments of clay minerals which when saturated have an abundant 
availability of mobile ions, results in a reduction in resistivity , giving 
rise to the observation that argillaceous rocks have lower resi·stivities 
than arenaceous rocks . The resistance of a layer to the passage of an 
electric current therefore depends on the following five factors: 

1. Rock type; 
2. Porosity; 
3. Degree of saturation; 
4. Amount of dissociated or mobile ions in the saturating fluid. 
5. The presence of clay minerals . 

(Davies and de Wiest, 1966; Van Zijl, 1977). 
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The electrical resisti!ity method suffers from two major limiting factors, 
these are; 

1. The method can only be used in rural areas or areas distant from 
steel and other conducting materials in contact with the soil. The 
presence of such objects as pipelines, underground cables, railway 
lines and ffietal fences within the area of influence of the sounding, 
will according to Bouwer (1978), usually give erroneous results. 

2. Because apparent resistivity is a measure of the combined effects of 
all layers between the maximum depth of.penetration and the surface, 
the method is unable to define individual geoelectric horizons when 
deeply buried. The depth of penetration is limited to approximately 
500m for most portable instruments due to a lack of sufficient power 
and the geologic complexities of large volumes of earth (Davies and 
~eWiest, 1966). 

The measurements produced in a resistivity survey are apparent resistivity, 
obtained by progressively expanding the current, electrode spacing AB and 
measuring from the mid point 0, the potential difference between potential 
electrodes M and N. Apparent resistivity is only a true resistivity in the 
unique case of the earth in question being homogeneous. In all other cases 
apparent resistivity is defined by Van Zijl (1982) as the ratio of the 
measured potential to the theoretical potential of the actual field strength 
to the theoretical field strength at a given point when the resistivity of 
the reference medium equals unity. 

The concept of resistivity is based on the electrical resistance of a length 
of wire to electric flow under the influence of an electrical potential. 

The relation is described by Ohm's Law which states: 

R= 6. V 

I 

where R is the resistance, V is the potential difference between the ends of 
the wire and I is the intensity of the current which flows in the wire in 
the direction of decreasing potential. In order to use this relationship 
for geophysical purposes it is necessary to introduce a geolT,etric factor, or 
a factor which will take the influence of the electrode configuration into 
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consideration. The factor is represented by the coefficient K for any 

specific four electrode array. 

2 1'( 

where K= 
Y -y-k+ V 

AM 'AN 8M /SN 

and has the dimensions of (m) in the SI system of 
for descr i bing the apparent resistivity ( a) of 

earth can then be written as 

/', V 
pa = K --

I 

units. The 
a volume of 

relationship 
heterogeneous 

Values of p a are plotted as a function of ~ on a standard internat ional 
62,5mm bilogarithmic graph paper and forms the basis for interpretation by 
comparison with other field and master theoretical curves (Van Zijl, 1977). 

5.3 Interpretation of vertical electric sounding curves. 

The interpretation of the data obtained from the resistivity survey was 

undertaken in 3 steps as follows: 

1. A comparative study of the progressive deformations and common 
characteristics of all the sounding curves and interpretat ion using 
master curves (Joubert, 1977). 

2. r1odi fication of initial curve matching results by a computer 
technique. 

3. The calibration of results using soundings carried out at correla­
tion boreholes where the thicknesse~ and nature of the various 

strata are known. 

In the study area, steel casing frequently extends through la rge portions of 
the borehole so that geoelectric borl2r,ole correlation logging is frequently 

not feasible. 

The initial interpretation of the Schlumberger field curves by comparison 
with th('cretical master curves is based on the determination for each 

geoelectric layer of two parameters, T and S. These parameters are known as 
the Dar Zarrouk parameters, where T represents the transverse resista nce and 
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S the longitudinal conductance of the geoe lectric layer. The transverse 
resistance of a layer is measured for layers sandwichEd between two more 
conductive layers as an electric current will tend to flow r,ormal to the 
blOdding of the resistive layer ,olong a path of least resistwce. Transverse 
resistancE (T) is equal to the product of the resistivity (p) and thickness 
(h) of the layer (T = h p ) . For a conducti ve layer sandwi ched between two 
more resist i ve layers an electrica l current will tend to flow along the 
conductive layer such that longitudinal conductance is equal to the quotient 
of the thickness of the layer and its resistivity. (S = hlp). To 
facilitate interpretation, all multi-layered field curves of four or more 
layers are first divided into simpler three layer segments from which va lues 
of Sand T are calculated and estimates of resistivity and thickness made. 
It is therefore possible to have for each three layer segment, one of four 
field curve types; (Figure 9). 

FIGURE 9 TYPES OF THREE LAYER SEGMENTS 
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a) Type K, where the resistivity of the first and third layers is 
exceeded by the resistivity of the second layer. 

b) Type H, where the resistivity of the first and third layers exceed 
the resistivity of the second layer. 
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Type A, where the resistivity of 
resistiv i ty of the second layer, 
resistivity of the third layer. 
Type Q, where the resistivity 

tre first layer is exceeded by the 
which is in turn exceeded by the 

of the first layer exceeds the 
resistivity of the second layer, which in turn exceeds the 
resistivity of the third layer. 

l~e simpler three layer segments are then joined and used to describe the 
field cur~es (Figure 10). 

FIGURE 10 H K TYPE CURVE 
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As a check on the feasibility of the interpretation made by curve matching, 
a computer technique devised by Patra and Mulluk (1979) has been used to 
compare and adjust the interpreted curve to the actual field curve. 
Figure 11 is a copy of the printout for resistivity sounding T~ES3 and shows 
the close correlation of the final theoretical curve to the fie ld curve. 
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Once the geoelectric section has been determined, comparisons and 
modifications are made according to geological logs from correlation and 
other boreholes. Figure 12 shows the relationship between the lithological 
log and interpreted resistivity log for borehole KM1G. A correlation 
factor of 1,25 for the adjustment of the resistivity log is obtained by 
equating the change in apparent resistivity from 8 to 700 with the 
lithological change from mudstone to sandstone . Once the correla tion factor 
ha~ been obtair,ed, all resistivity soundings on the traverse of the 
correlation borehole are adjusted accordingly and an expanded geological 
sect ion is interpreted. 
for each traverse. 

Table 2 gives the correlation factors calculated 

TABLE 2. RESISTIVITY/LITHOLOGICAL CORRELATION FACTORS 
Correlation Sounding/Borehole Factor Soundings to which relavent 
T1 ES3 / KR71G 1.30 TI ES 1; TI ES2 ; TIES4 
T2ES2 / KR75G 1. 37 T2ES 1 ; T2ES3; T2ES4; T2ES5 
T3ES3 / KM1G 1.25 T3ES 1 ; T3ES2 
T4ES3 / MD20G 0.85 T4ES1 ; T4ES2A; T4ES2B 
T5ESA / MD21G 1.35 T5ES 1 ; T5ES2 . 
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FIG UR E 12 RESISTIVITY/LITHOLOGICAL LOG FOR BOREHOLE KM 1 G 
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5.4 Resistivity Data Collection and Results. 

The objectives of the resistivity sUT'Vey were to provide dat~ on : 
1. lithological thickness and variation in thickness with lateral 

extent, 
2. the distribution of non outcropping bedrock types in the south. 

In order to accomplish these objectives, five traverses were undertaken, 
four of which radiated outwards from Searle Hill (Figure 13). A total of 
b ·enty soundings were unGert~ken with maximum electrode spreads (AB/2 
distances) varying between 200 and 750m. The average AB/2 distance for all 
soundings 
about an 

is just over 570m. 
average 450m due to 

Distances between individual soundings 
there being only limited suitable sites 

vary 
for 

resistivity work. In all cases the soundings were only terminated after the 
final rising portion of the curve had been defined, as this is requ ired to 
determine the apparent resistivity of the bedrock lithology/ies. Figure 13 
shows the position of soundings and detailed resistivity logs are presented 
in Appendix 2. 

Although an objective of the resistivity survey was to determine the 
distribution of bedrock types in the south of the study area, electrode 
spread directions were not always parallel to the strike of bedrock 
lithologies for two reasons:-

1. In order to obtain the best possible data for Cretaceous litholo­
gies, electrode spreads were run parallel to Pre-Cretaceous valley 
systems wherever possible. 

2. The nature of the vegetation and terrain frequently necessitated 
the execution of electrode spreads along roads, fence lines or 
areas which are relatively flat or distant from conductors in 
contact with the ground. 

De,pite the inaccuracies possible from an inadequate electrode spread and 
non -i deal orientation, the large difference between the resistivities of the 
two bedrock lithologies did enable the approximate delineation of 
lithologies to be made. 

The number of interpreted geoelectric layers varied between three and seven 
(Table 3) with an average of five layers being encountered. Complexity of 



FIGURE 13 LOCATION OF RESISTIVITY TRAVERSES AND RESEARCH BOREHOLES 
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near surface geoelectric layering was found to be largely a function of the 
complicated hydrogeological re lationships with many of the near surface 
layers being attributable to variations in moisture content, water quality 
and complex lithological facies variations. Figure 14 illustrates the 
differing geoelectric response of the mudstone li tho logy. As little 
petrologi cal variation is evident in the mudstones and a geoelectric change 
of apparent resistivity from 4 to 2,5 takes place at an estimated 62m, only 
5m below the levpl at which water was struck, the interpreted geoelectric 
layering within the mudstone lithology was assumed to be explained by 
variations in water content and qua lity. 

Because of features of equivalence and suppression (Kunetz, 1966; Van Zijl, 
1977) deeper lithological variations were ·frequently not reflected by 
geoelectric layering. Figures 14 and 15 illustrate the feature of 
Equivalence encountered on traverses two and five where the relatively 
conductive Enon Conglomerate lithology is sandwiched between highly 
resistive quartzites at the top of the Enon Formation and quartzites of the 
T.M.G. below. Figure 16 illustrates the principal of suppression 
encountered on traverses three and four due to intermediate resistivities as 
a result of gradational contacts between lithologies . For the above cases 
the resistivity data could only be used to distinguish between argillaceous 
and arenaceous/rudaceous rock types. On traverse one, simple contact s were 
found to exist between the mudstones and sandstones of the Kirkwood 
Formation and between the sandstones of the Kirkwood and conglomerates of 
the Enon Formations (Figure 17). It was therefore possible to use 
resistivity data to map the thickness of the Kirkwood Sandstones for 
traverse one . 

The range of resistivities established for the lithologies encountered are 
shown in Table 4. Because of a lack of suitable sounding si tes , no range of 
values were obtai nable for shale and shale clast conglomerate li thologies, 
but only an average value was calculated for each f rom a single electrode 
spread. 



FIGURE 14 RESISTIVITY/LITHOLOGICAL LOG FOK BOREHOLE MD21G 
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FIGURE 16 RESISTIVITY/LITHOLOGICAL LOG FOR BOREHOLE MO 20G 
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FIGURE 17 RESISTIVITY/LITHOLOGICAL LOG FOR BOREHOLE' KR 71G 
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TABLE 4. RESISTIVITY RANGE OF LITHOLOGIES. 
Li thology 
Alluvial soils 
Clay (Dominant) and Gravels and boulders 
Mudstones; Mudstones (Dominant) and pebbles 
Fine grained silt/sandstone 
Sha Ie 
Shale clast conglomerate with clay or clay/silt matr i x 
Quartzites; quartzite clast conglomerate with sil t/ 

sandstone matrix 

Q m 

60 - 1300 

7 - 103 

1 ,0 - 90 

200 - 260 

185 average 
30 average 

697 - 1000 

In order to verify/ca librate geophysics, drilling was unde rtaken at sites 
along resistivity traverses. The resu lts of drilling both for calibration 
and for test pumping are discussed in Chapter 6. 



34 

Chapter 6. Drilling. 

6.1 The need for drilling. 

The value of the drilling programme is that it represents a direct method of 
obtaining accurate lithological data and provides access to the 
aquifer/aquifers for purposes of test pumping. Drilling results were also 
used to supplement, verify and interpret geophysical methods of 
investigation. 

Because of the high costs involved in drilling and the depth of boreholes 
required to reach the Pre-Cretaceous basement, no observation boreholes for 
use in aquifer tests could be drilled. Aspects of hydraulic data potential 
were therefore sacrificed for greater lithological and stratigraphic inform­
ation and for the need to site boreholes on resistivity traverses to 
correlate lithological and geoelectric layering. Six of the seven boreholes 
drilled during the investigation were used to obtain data for three 
purposes: 

1.) to reveal the character, depth and thickness of the aquifer units, 
2.) to obtain information on hydraulic properties of the aquifers, 
3.) in order to correlate lithological and geoelectric layering. 

The seventh borehole was not sited on a resistivity traverse, but was 
located in a recharge area to provide data on the first two criteria only. 

6.2 Rock drillability and drilling systems. 

The subject of drilling can be subdivided into 
1.) Rock drillability 
2.) Drilling systems 

(Campbell, M.D. and Lehr, J.H., 1973). 

Rock drillability is an important consideration in determining the 
availability of water and the choice of the most suitable drilling system. 
Although ' Campbell and Lehr (1973) state that more than 40 variables are 

. generally assumed to influence drilling, the most important influences on 
drillability in the study area were found to be the compressive strength and 
cohesive properties of the rock. Because of equipment availability, the 
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choice of drilling system used during this investigation was limited to 
cable-tool percussion or low pressure air rotary percussion systems. In 

most of the boreholes drilled, the cohesive nature of the upper Cretaceous 
formations and the depths to less cohesive more competant rocks inhibited 
the effectiveness and use of the low pressure air rotary percussion (L P A 
R P) system. This was particularly found to be the case where only small 

quantities of groundwater were encountered within the Kirkwood mudstones. 
Mixing of the groundwater and mudstones during drilling resulted in a tacky 
mass forming a plug around the drill bit, preventing the expulsion of air 
from the bit. Where either no groundwater or greater quantities of 

groundwater were encountered drilling progress was less difficult. Attempts 
to alleviate the problem by introducing anti-coagulant foams into the 

borehole met with little success. In all only two boreholes SN1G and MD21G 
were partially drilled using the L PAR P system, the remainder being 

drilled with the cable-tool percussion system. 

The cable-tool percussion system of drilling is usually considerably slower 

than that of the L PAR P system, but does offer certain advantages; 
a) it is better able to cope with extremely cohesive rock types; 
b) greater drilling depths may be reached than is possible with the 

L PAR P system in artesian aquifers; 
c) it is better able to handle the sometimes complicated casing 

requirements when drilling through formations prone to cave-ins; 
d) the system allows geological sample collection at prescribed depths 

to be undertaken with a greater degree of accuracy than is possible 

with the L PAR P system. It should be noted that hydrochemical 
samples obtained during drilling with the cable-tool percussion 

system are frequently partially mixed as a result of the action of 
the bailer into and out of the boreholes. 

6.3 Sampling procedures during drilling. 
During drilling a minimum of two rock samples were taken every metre, one 

washed and one as close to unwashed as possible. All samples were placed in 
labelled watertight plastic bags and collected during each site visit. 
Where lithological changes were very frequent, additional samples were 

taken. A problem when determining the characteristics of the 

silt/sandstones of the Kirkwood Formation is the difficulty of obtaining a 
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truly unwashed sample, as fines are removed in suspension. 
Rock samples representing conglomerates of the Enon Formation can usually be 
distinguished from quartzites of the T.M.G. by the following features: 

a. larger proportions of fine grained material, 
b. rock fragments exhibit rounded and weathered facets, 
c. quartzite fragments of generally greater size than fragments from 

the more competant T.M.G. quartzites. 
For some boreholes, however, distinguishing between samples representing 
these two formations was complicated by the following: . 

a. fines were removed in suspension from samples obtained from the Enon 
Cong lomerates, 

b. in some partially cased holes samples from the T.M.G. of rocks were 
contaminated by fines from overlying formations. 

c. the large pebble size of the Enon Conglomerates encountered in some 
boreholes made identification by the presence of rounded or 
weathered facets difficult. 

As Enon Conglomerates are softer than LM.G. quartzites allowing more rapid 
drilling progress, a partial solution to the problem was found in the 
careful monitoring of the drilling rate. As an indication of geological 
sample contamination borehole depths were carefully measured at the end of 
drilling and prior to the start of drilling the following day. Rest water 
levels taken prior to the commencement of drilling each day indicated when 
artesian water had been struck. 

6.4 Results of Drilling. 

A total of seven boreholes were drilled with the monitoring of a further two 
private boreholes, one of which was deepened by 30m in oreer to reach 
basement. A summary of borehole statistics is given in Table 5. One 
research borehole was stopped at 451m after failing to reach Pre-Cretaceous 
formations. A total of 1543m was drilled with completed boreholes having an 
average depth of 216m. Of the 1543m drilled, 274m was drilled with the 
L PAR P system the remaining 1269m being drilled with cable-tool per­
cussion rigs. Detailed logs of all boreholes are presented in appendix 3. 
All boreholes dri lied to basement provided full lithostratigraphic data for 
the overlying Cretaceous deposits. The location of drilled boreholes is 
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TABLE 5 SU~1MARY OF BOREHOLE STATISTICS 
Site and Depth Casing Fi rst Water Final Depth to Collar Type of 

Borehole (M) (M) Struck (M) Yield Water below Elevation Dri 11 used 

ria . (If,) Collar above Mean 

Elevation (M) Sea level 

KR 71 G 200 0-59 44 13,0 :.25,426 66 Cable Tool 

(1551Ml 5tee I ) Percussion 

KR 72 200 0-53 Private 12,9 :.12,565 64 Cable Tool 

( 170-200M ( 165", 5te,1 Hole Percussion 

dri lied 0-200 not known 

for project (127mm P.V.C.) 

KR 75G 164 0-97 29 10 ,4 :.18,790 67 Cable Tool 
(152mm Steel) Percussion 

MO 20G 157 0-121 30 4, I :.37,710 74 Cable Tool 

(165mm Steel) Percuss ion 
0-120 

(127mm Steel) 

MO 21 G 167 0-117 131 0,34 :.51 , 265 110 Ai r Rotary 

(165mm Steel) Percussi6n 

Cable Tool 
Percus·~ i on 

MW 20G 107 0-86 No Water 84 Cable Tool 
(165m Steel) Percussion 

SN IG 258 0-86 22 11,4 36,840 103 Air Rotary 
(165"" Steel) Percussion 

0-255 to 110m 

(127m P.V.C.) Cable Tool 
Percussion 

KH IG 451 0-335 55 0,04 34,95 85 Cable Tool 
Not Drilled (1651Ml Stee I ) Percussion 
to Basement 

MW 46 126 0-12 Private hole 9,9 30,450 67 Air Rotary 

(203f1'/1l Steel) not known Percussion 

0-68 

(178nmSteel) 

Boreholes dri lied for this investigation may be identified by the letter G at the end of the 

number. 
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shown in figure 13. 
The results of drilling in the Elands River valley (Boreholes KR 71G. KR 72. 
and SN 1G) show the main aquifers to be the arenaceous lower Kirkwood and 
predominantly rudaceous Enon Formation. The argilaceous upper Kirkwood 
Mudstones form the aquiclude in the region. In the southern margins of the 
Swartkops river valley (Borehole KR 75G) the sandstones of the Kirkwood 
Formation are absent. Groundwater in this region occurs in the 
conglomerates of the Enon Formation. 

Eorer,ole MD 218 was drilled east of Searle Hill to invest igate the reported 
presence of shale and the source of low yields of poor quality water. 
Drilling data indicate that the 'shales ' are well consolidated mudstones of 
the Kirkwood Formation and the source of low yielding poor quality water is 
the conglomerates of the Enon Formation. In both boreholes KR 75G and MD 
21G. where the arenaceous sandstone member of the Kirkwood Formation was 
found to be absent. the start of the Enon Formation was marked by a narrow 
bed of clean glassy quartzite which appears similar to quartzites of the 
Table Mountain Group. The similarity could explain reports in old borehole 
records of water being encountered at relatively shallow depths in the 
T.M.G. of rocks in the area. South of Searle Hill boreholes MD 20G and MW 
20G were drilled. Borehole MD 20G although intersecting the same formations 
as boreholes KR 75G and SN 1G yielded smaller quantities of poorer quality 
water. 
water. 

This occurrence may be explained by a change in source area of the 
Because of altitude and locat ion. both boreholes MD 20G and MD 21G 

are unlikely to derive their water from the recharge areas feeding the low 
lying artesian area. but rather to derive their recharae locally from 
outcrops forming Searle Hill. This assertion is further supported by 
piezometric data obtained during other pha<es of investigation (Figure 31). 

In the south of the region borehole MW 20G confirmed the presence of shales 
of the Bokkeveld Group which form the Pre-Cretaceous basement in this part 
of the study area. In addition borehole MW 20G intersected a major 
conglomerate lithology. the clasts of which are made up of shale pebbles 
(Figure 5). The matrix of the conglomerate is made up of clay resulting in 
the lithology being essentially devoid of water. The conglomerate lithology 
comprises the Enon Formation in areas adjacent to provenance of shale 
belonging to the Bokkeveld Group. In a surface outcrop nearby. the 
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conglomerates are found to grade progressively into typical conglomerates of 
the Enon Formation as the influence of the adjacent quartzite provenance 
(Rocks of Table Mountain Group) becomes stronger. As borehole MW 20G is 
located in the Hoi River valley, a tributary of the Elands River, the 
earlier assertion (page 14) that the Hoi River is the main contributor of 
Bokkeveld derived Enon conglomerates to the upper Elands River valley in the 
region is confirmed. 

During the investigation the drilling of private borehole MW 4B was 
monitored and later tested. MW 4B is located on the the east bank of the 
Elands River, between the river and Searle Hill. Formations encountered 
were similar to those encountered in borehole SN 1G with the two dominant 
aquifer lithologies being sandstones and conglomerates of the Kirkwood 
Formation and conglomerates of the Enon Formation. This borehole was found 
to have the highest specific capacity of all boreholes drilled during the 
investigation. 

Immediately south of the Uitenhage fault on the down-thrown side, borehole 
KM1G confirmed the presence of considerable thickness of mudstones of the 
Kirkwood Formation. Problems with the insertion of borehole casing, 
resultant cave-ins and contamination of lithological samples made the 
identification of the underlying lithology difficult, although it has been 
identified as fine grained silt/sandstone of the Kirkwood Formation . It is 
therefore possible that considerable additional thickness of Cretaceous 
lithologies may overlie the basement in this part of the study area. The 
lack of water bearing formations encountered by the borehole can probably be 
attributed to the fine grained nature of the rock. It is likely that no 
economically significant supplies of water occur in the region because of 
upward and lateral finning of the sequences related to increasing distance 
from palaeosediment source areas. 
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Chapter 7. Aquifer Testing Programme. 

7.1 Introduction. 

Once di rect access has been gained to the aquifer by dri lling, one of the 
fundamental aspects of groundwater resource investigations, according to 
Rushton (1978), is the determinatio n of the aquifer characteristics of 
permeability and storage. Determinations are made on the basis of data 
obtained from the controlled abstraction of water from boreholes and the 
monitoring of associated changes in piezometric levels. A test set-up for 
this purpose is more properly called an "aquifer test" because it is the 
aquifer or water-bearing formation rather than the pump or well that is 
being tested (Johnson, 1966). 

During this investigation 18 tests of three types were undertaken 
2 - stepdrawdown tests 
8 - constant rate tests 
8 - recovery tests 

In order to monitor the potential yiel d from the borehole while dr i l ling, a 
number of "aquifer indicator tests" were conducted in addition to the formal 
and carefully controlled aquifer tests. The indicator tests were 
accomplished using either the sma ll capac ity pumping facility supplied with 
the cable-tool percussion rigs or in the case where hydraulic-percussion 
rigs were used, simply by measuring the yield of water blown from the 
borehole by compressed air. Use of these tests allowed for estimation of 
the depths at which water bearing horizons werE encountered and gave an 
indication of when a full aquifer test was required. 

7.2 Preparation of bcreholes prior to testing. 

Prior to the start of any aquifer test, boreholes were developed to remove 
clogging of pore spaces by fine materials as a result of drilling. Two 
techniques were used, mechanical surg i ng using the large bailer supp lied 
with the cable-tool rigs and in the case of borehole MD 21G the method of 
over-pumping described by Johnson (1966) was used . The development of 
boreholes intersecting sandstones of the Kirkwood Formation was also 
necessary to prevent a bui ldup of sand and consequent damage to the pump. 



41 

In addition to the development of boreholes, small quantities of detergent 
were introduced into the torehole and piezometers several hcurs before the 

start of pumping. This was done to disperse any oil that may have formed on 
the water surface during drilling as this detrimentally affects readings in 

the piezometers. 

7.3 Principles of aquifer tests. 

A borehole may be tested for one of two reasons: 
1. Obtain information on the performance and efficiency of a well. 
2. Provide data on the geohydrological properties of the aquifer from 

which aquifer performance can be calculated (Johnson division 1972). 

During this investigation aquifer tests were conducted for the latter reason 

and to provide hydrochemical data useful in other phases of the 
investigation. (Appendix 4) 

Although aquifer tests may be conducted by either the input or abstraction 

of water from a borehole, practical limitations result in abstraction being 
the most commonly used method. Two types of abstraction tests exist : 

1. Constant discharge tests. 
2. Variable discharge or step tests. 

Constant discharge tests, used mainly to calculate the transmissivity (T) 

and storage (S) of an aquifer, may be subdivided into steady-state and non­
steady state or transient tests . Steady-state tests are those which are 
pumped for a sufficiently long duration to allow recharge to balance 

abstraction, such that water levels approach an equilibrium position . In 
nonsteady-state tests water levels drop continuously and solutions are based 

on plots of drawdown against time. In practice nonsteady-state tests are 
more common than steady-state tests. (Bouwer, 1978) 

In addition to the limitations imposed by the above subdivision of constant 
rate tests on the selection of suitable aquifer test solution methods, 
cognisance must also be taken of the type of aquifer being tested. There 

exist four groups of aquifer test solution methods based on the 

classificatio~ of aquifers into the following categories: 



1. Confined aquifer 
2. Unconfined aquifer 
3. Semi-confined aquifer 
4. Semi-unconfined aquifer 

(Hazel, 1975) 
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The grouping of aquifer test solutions under the above four aquifer 
categories is not arbitrary but is best understood in terms of the solution 
being derived to calculate aquifer properties under a set of circumstances 
particular to that type of aquifer. The definitions of the above aquifer 
classifications give an insight into the variable way in which the aquifers 
respond to abstraction and the need for any aquifer parameter equations to 
take the variable response into consideration. The following definitions 
are based on those given by Kruseman and De Ridder (1970), Hazel (1975) and 
Bouwer (1978). 

A confined aquifer (Figure 18) is a completely saturated permeable formation 
of which the upper and lower boundaries are impervious lavers. Water 
pressure in a confined aquifer is higher than that of the atmosphere with 
the result that water in boreholes penetrating the aquifer is at a higher 
elevation than the top of the aquifer. 

An unconfined aquifer is a permeable lithology only partly filled with water 
over ly i ng a re I ati ve ly imperv i ous layer. The upper boundary of an 
unconfined aquifer is formed by a free water table or phreatic level which 
is not subject to any pressure other than that of the atmosphere and that 
generated by its own weight. 

Semi-confined and semi-unconfined aquifers are two cases occurring on a 
gradational scale between the above defined cases. A semi-confined aquifer 
is similar to that of a confined aquifer with the exception that the 
confining layers are not completely impervious. Upon abstraction from a 
semi-confined aquifer vertical flow of water from the semi-pervious layer 
into the aquifer is generated. Horizontal flow in the semi-impervious layer 
is however small due to the low hydraulic conductivity of the layer. 

The semi-unconfined aquifer is an aquifer in which the hydraulic 
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FIGURE 18 CONFINED, UNCONFINED, SEMI-CONFINED AND SEMI-UNCONFINED AQUIFERS 
(AFTER HAZEL '975) 

Conf i ned 
K, = a 

... ..... . . .. .. .. . . . . . . .. . .. . . . 

Semi-unconfined 
K, < K2 

Where 

Potentiometric 

level 

Water table 

K = Hydraulic conductivity 

b = Aquifer thickness 

Semi-confined 
K,« K2 

Unconfined 
K, = K2 

Saturated 
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conductivity of the fine-grained layer is sufficiently great for horizontal 
flow to be significant. Such an aquifer exhibi.ts delayed yield effects and 
is intermediate between a semi-confined and an unconfined aquifer. 

An aquifer test is useful in determining the in situ hydraulic properties of 
both water-bearing and confining beds, which according to Kruseman and De 
Ridder (1970), are, in general representative of a larger area than are 
single point observations. All aquifer test solutions are however dependent 
on a number of assumptions which render an individual solution valid only. 
under a restricted set of circumstances. During this investigation two 
solutions for drawdown and one for the recovery of constant rate tests were 
selected after the classification of aquifer type and test state had been 
made. The lack of equilibrium conditions being reached during the pumping 
phase resulted in the classification of tests as those of the non­
equilibrium or non-steady state tests. The classification of the aquifer 
type as being artesian in nature is based on historical accounts of artesian 
flow and evidence of elevated piezometric levels obtained from the 
hydrocensus. 

Analyses of drawdown data were conducted using the Cooper and Jacob (1946) 
and Cr,ow (1952) methods whi Ie subsequent recovery was analysed using the 
Theis Recovery method (1935) . The use of these methods requires the 
following assumptions to be made: 

1. The aquifer has a seemingly infinite areal extent. 
2. The aquifer is homc·geneous, isotropic and of uniform thickness over 

the area influenced by t he pumping test. 
3. Prior to pumping, the oiezometric surface and/or phreatic surface 

are nearly horizontal over the area influenced by the pumping test. 
4. The aquifer is pumped at a constant discharge rate. 
5. The pumped well penetrates the entire aquifer and th us receives 

water from the entire thickness of the aquifer by horizontal flow. 
6. The aquifer is confined. 
7. The flow to the well is in unsteady state. 
8. The water removed from storage is discharged instantaneously with 

decl ine of head. 
9. The diameter of the pumped well is very small i.e. the storage of 

the well can be neglected. (Kruseman and De Ridder, 1970). 
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Although assumption two is seldom met in the study area, the methods used 
are considered to give an adequate approximation of the hydrologic 
properties . 

Variable rate or step drawdown tests although initial ly only used to 
determine well loss relationships may also be used to determ i ne aquifer 
characteristics. Clark (1977) says that in addition to estimates of storage 
coefficient (5), step drawdown tests can be used to determine the aquifer 
transmissivity and we ll loss component of the.drawdown in a pumped borehole. 
As drawdown in a borehole results from the cumulative effects of aquifer 
loss and well loss, once the well loss component has been calculated the 
true drawdown may be determined al lowing more accurate analysis of constant 
discharge tests to be made . Transmissivity values which do not take well 
losses into account are usually underestimates . 

The analysis of data obtained from the step -drawdown 
a method developed by Bierschenk and Wilson (1961). 
that the same assumptions be made as those listed on 
cept i on of assumption 4 whir.h is replaced by: 

test was analysed using 
This method requires 

page 44, with the ex-

4. The aquifer is pumped with a variable discharge rate. 

In order to ensure accuracy a minimum of four steps were conducted during 
the testing of KR 71G although this was not possible for the test conducted 
on borehole MD 21G whose low yield prevented the execution of the final 
step . The results for this test as shown in Table 6 must therefore be 
regarded with caution. 

Because of a lack of observation boreholes, values of storage coefficients 
could only be calculated for borehole MI<! 4B. Values of storage coefficient 
for the remainder of boreholes was approximated using a technique described 
by Hazel (1975). The technique is based on thE compression of water alone 
and no adjustments are made for porosity or for the compressibility of the 
aquifer. The app li cation of the technique is restricted to confined aquifer 
situati ons where values obtained using the technique are regarded by Hazel 
(1975) as reliable estimates. 
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7.4 Aquifer Test Results. 

The results of aquifer tests are discussed in terms of; 
1. Yield drawdown relati onships. 
2. Transmissivity and storage . 

• 7.4.1 Yield Drawdown Relationships. 

Table 6 contains an analysis of the relationships between yield and drawdown 
taken after 300 minutes of pumping for boreholes drilled during the 
investigation. A period of 300 minutes was chosen for all boreholes so that 
comparisons between boreholes may be drawn in terms of their variation in 
aquifer type. The ratio of drawdown per unit yield for the same period i s 
called specific drawdown and gives an indication of the ability of the 
aquifer to transmit water. The smaller the ratio of drawdown to yield the 
better are the transmissive abi li ties of the aquifer. Variation in specific 
drawdown ratios is a function of the variations in transmissivity. storage 
and borehole losses of the aquifer and borehole. 

TAOLE 6 RATIOS OF DRAWOOWN PER UNIT YIELD FOR RESEARClt OOREHOLES 

80R(HOL£ YIElD IliSI I OR,"OOWN I") RATIO DRAWOOWH AQU IFER TYPE 
T.u[N ArTER: 300 HIN or PUMPING vs YIELD (H/!!:!-') .., .. ' .. 7.J , .' Conglomerates with 

sandstone matrix lind 
1II1nor sandstones 

KR 72 12,9 31,1 2._ Sandstones 

SI! 1 G 11,4 36,8 l.2 Sandstones and minor 
Ceplh ill conglomerates with 
lesll09 sandstone matrix 

157111 i 
li.R 71 G 13,0 52,0 •• 0 Sandstones and minor 

conglomerates with 

sandstone mildx 
SI! I G .. ' 29,2 •• J Sandstones .nd minor 

Ceplh at congiOlllerlles with 

testing cl ay/sill matrix 

"9m 
KR 1S G 10,4 H,3 7. , Conglomerliles with 

. sandstone lII.trl:11 and 
minor cong!cJnerates 
with chybllt matri.l 

JoI) 20 G '. , 32,3 7.' Sandltones and minor 
conglomerates with 

sllt/cJav Dllltrix 

K) 21 G 0.34 27,0 " Conglomer41es with 
sandstone matrix and 

minor cong!OI7Ierates 

with clay/silt matril 

SOMETIMES THE INVERSE RELATIONSHIP. SPECIFIC CAPACITY (Q /S) IS USED 
TO EXPLAIN THE ABILITY OF THE AQUIFER TO TRANSMIT WATER 
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7.4.1.1 Lateral variations in specific drawdown. 

Boreholes located in areas in which palaeosediments were derived from the 
quartz ite provenance were found to have the best abi lity to transmit water. 
Boreho le KR 72 derives its groundwater from the sandstones of the Ki rkwood 
Formation while boreholes MW 4B, SN 1 G and KR 71 G, derive groundwater from 
the sandstone and conglomerates of the Kirkwood and Enon Formations. 
Specif ic drawdown values for these formations were all less than 

main aquifer encountered in borehole KR 7~ G is / 
- 1 6,3 m £s . The 

conglomerate 
-1 7,1 m/ £s . 

of the Enon Formation which has a specif ic drewdown value of 
In contrast, borehole MD 21 G intersects conglomerates with a 

fine grained matrix mater ial and occas ional intercollations of mudstone , 
clay and siltstone and has a high specific drawdown value of 79,4 m/£s-1. 
Unlike the cong lomerates found in borehole KR 75 G, these conglomerates 
differ hydrogeologically because of the added influence of palaeosediments 
orig inati ng not only from the quartzite (Table Mountain Group), but also 
from the shale (Bokkeveld Group) provenance. 

In addition to lateral var iat inn due to differing palaeosediment source 
area , an increase in specific drawdown from southwest to northeast is 
observed in the Swartkops river val ley. Boreholes MW4B, KR72, SN1G and 
KR7 1G, located in t he west and southwest close to the source of palaeo­
sed iments, all have specific drawdowns of 6,3 m/£s-l or less, with an 
average specific drawdown of 3,5 m/£s-l (Figure 19). Borehole KR75G 
located to the east however, has a specific drawdown value of 7,1 m/£s-l. 
Borehole KR72 which intersects sandstone~ of the Kirkwood Formation in the 
west, has a specific drawdown value of 2,5 m/£s-l indicating a good ability 
to transmit /store water . In contrast borehole KM1G located south of the 
Uitenhage fault in an area more distant from the 
was found to be essent ially dry, with a final 

source of palaeosedi ment 
-1 yield of only 0,04£s , 

despite having penatrated over 130m of saturated sediments of Kirkwood silt/ 
sandstones. Although borehole KM1G was not drilled to basement and coarser 
grained sandstones and conglomerates may be present at greater depths , a 
general increase in spec ific drawdown in an easterly direction i s indica ted 
and in t he latter case is most likely a consequence of increas i ng 
percentages of fine grained material as the energy environment under which 
the palAeosediments were de~osited decreases eastwards. 



FIGURE 19 ISOPACHS OF ARGILLACEOUS LITHOLOGIES AND SPECIFIC DRAWDOWN VALUES FOR TESTED BOREHOLES 
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7.4.1.2 Vertical variations in specific drawdown. 

An improvement in the specific drawdown ratio from 6,3 to 3,2 m/ls- 1 with 
depth of drilling for borehole SN1G , indicates an improvement in water 
transmission and storage with an increase in the relative proportion of 
conglomerate to sandstone. Borehole MW4B, indicates a dominant aquifer type 
similar t o t he conglomerates encountered at depth in borehole SN 1 G and has 
the lowest specific drawdown ratio (1,4 m/ls-1) of all boreholes pumped 
during the investigation . The above relationships indicate that the 
conglomerates of the type encountered in boreho le SN1G and MW4B , those with 
a relative ly sma ll pebble size and a sandstone matr ix (Lower Kirkwood and 
Enon Formations), have a better ability to transmit/store water than do the 
relatively fine grained overlying sandstones of the Kirkwood Formation. 

7.4.2 Hydrogeological Parameters of Tra nsmissivity and Storage Coefficient. 

Values of transmissivity and storage together with the methods used to 
derive them are represented in Table 7. With the exception of calculated 
storage coefficients for borehole MW 4B all coefficients of storage were 
estimated using the Hazel (1975) technique. As the technique is independent 
of porosity and compressibility of the aqu ifer, values derived using the 
method can not be interpreted in terms of aquifer characteristics but only 
aquifer thick ness. In order to test the reliability of the estimation 
techniques for boreholes within the study area, the method was used to 
approx imate the storage coefficient of boreho le MW 4B. The approximated 
value of 3,05 x 10-4 was then compared with the ca lculated values of 
8,2x10-4 and 9,3 x 10-4 as derived using the Cooper and Jacob (1946) and 
Chow (1952) methods. As the results are well within an order of magnitude 
of each other they are regarded as a reasonable estimate. 

Values of t ransmissivity obtained from boreholes MD 21 G and MD 20 G may 
on ly be interpreted in terms of aquifer type if due regard is given to the 
following two factors: 

1. The low rate at which MD 21 G could be pumped invalidated assumption 
nine which states, "The diameter of the pumped well is very sma l l 
i.e. the storage in the well can be neglected." As the true value 



TABLE 7 CALCULATED HYDRAULIC PARAMETERS 
BOREHOLE DUMINANI IYPE OF BOREHOLE TRANSMISSIVITY REPRESENTATIVE STORAGE BOREHOLE METHOD OF 
NO. /,QUlfER/S TEST DEPTH AT M' IDAY TRANSMISSIVITIES COEFFICIENT EFF IC IENCY ANALYSIS 

PUMPING (M) M' /DAY AT RATE FOR 

4 C.R. TEST 
MY 46 coNGloAERA r £5 C.R. 126 3',9 B.2XlO 4 JACOB 

WITH MINOR SAND- 31,0 51,8 9,3XI0- CHOW 
STO~ES (KIRK.OOD 72,2 THEIS RECOVERY 
& ENDN FORMATIONS) 

MO 21 G CONGLOMERATES C.R. 167 5,6 JACOB 
(E~ON 5,6 CHOW 
FORMATION) 0,5 2,0 THEIS RECOVERY 

S.T. 2,0 
2,15XID-4 77 ,7~ B[ERSKENK & WILSON 

HAZEL 
KR 72 ,ANDSTONE C.R. 200 48,7 JACOB 

(K [RKWOOD 48,3 73,0 CHOW 
fORMATION) 97,4 

7,05XIO-4 
THE[S RECOVERY 
HAZEL 

SN I C MUDSTONE, 
SANDSTONE & C.R . 109 26,0 JACOB 
CCNCLOMERATE 26, I 21,2 CHOW 
(K[RKWOOD 16,3 

4,35XI0-4 
THE[S RECOVERY 

FORMATION) HAZEL 
SN I G SANDSTONE & CR. 257 34,7 JACOB en 

C> 
CONGLOMERA TE 34,7 38,09 CHOW 
(K[RKWCOD & [NON 41,48 

1,12XI0-3 THE[S RECOVERY 
FORMATIONS) HAZEL 

KR 71 G SP.NCSTONE & C.R , 200 77 ,6 JACOB 
CONGLOMERATE 77 ,6 52,4 CHOW 
(K[RK,OOD & E~ON 29 ,0 THE[S RECOVERY 
FORMAT[ONS) S.T. 25,4 

6,65XI0-4 78, I~ B[ERSKENK & W[LSDN 
HAZEL 

MO 20 G SANDSTONE C.R . 124 22, I JACOB · 
(K[RKWOOD 22, I 23,2 CHOW 
FCRI'AT[ON) 24,3 THEIS RECOVERY 

BARR[ER BOUNDARY 1,5 JACOB 
EFFECTS 1.2 CHOW 
NOTABLE 16,2 THEIS RECCVERY 

KR 75 G CONGLOMERATE C.R. 148 
5,75XID-4 

HAZEL 
117,5 JACOB 

(ENON 117 ,6 B9,3 CHOW 
FORl'ATlON) 61, I 

3,35XI0-4 THEIS RECOVERY 
HAZEL 

C.R. = CONSTANT RATE TEST 
S.T. = STEP-DRAwDDWN TEST 
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for transmissivity should theoretically fall between that obtained 
from drawGown data (5,6m' /day and that derived from recovery data 
(O,5m' /day) the value of 2m' /day as derived from the step-drawdown 
test is favoured to represent the aquifer. 

2. The aquifer test of borehole MD 20 G produced 
boundary effects· after only 20 minutes of 

evidence of barrier 
pumping. Calculated 

values of transmissivity for the aquifer are based only on the first 
20 minutes of pumping. All values of transmissivity calcu.1ated from 
data after the first 20 minutes of pumping are not regarded as 
representative of the aquifer as assumption one, which states "the 
aquifer has a seemingly infinite areal extent", no longer remains 
valid. 

Because of the variation in transmissivity values obtained using the various 
analytical techniques, a representative transmissivity value for each 
borehole was ca lculated to facilitate easier comparisons between boreholes 
and their lithologies. For borehole KR 71 G whose transmissivity values for 
the Jacob and Chow methods were in close agreement as were its va lues for 
Theis recovery and Bierskenk and Wilson methods, the representative value is 
simply the arithmetic mean of all transmissivity values obtained. For the 
remainder of the boreholes the Jacob and Chow methods gave noticably 
different values to the single Theis recovery value. The representative 
value for these boreholes is taken to be the arithmetic mean of the combined 
Jacob and Chow average, and the Theis recovery value, (Table 7) 

7.4.2.1 Variations in transmissivity. 

The influence of palaeosediment source areas on the geohydro logical 
properties of the lithologies is again made evident by a corresponding 
change in transmissivity values obtained (Table 8). Transmissivity values 
for the sandstone member of the Kirkwood Formation were found to vary 
between a maximum figure of 73,Om' /day for borehole KR72 and a minimum ' of 
23,2m' /day for borehole MD 20 G (Table 8). Values of transmissivity for the 
conglomerates of the Enon Fnrmation were found to vary from below 2,Om' /day 
for borehole MD21G to 89,3m' /day for borehole KR72G. The gradual changes in 
transmissivity values may be explained by increased proportions of 

THE BARRIER BOUNDARY IS CAUSED BY A RISE IN THE PRE-CRETACEOUS FLOOR 
MORPHOLOGY RESULTING IN A RIDGE OF T .M.G. QUARTZITE RESTRICTING THE 
LATERAL EXTENT OF THE CRETACEOUS AQUIFER 
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interstitial clay materia l being present in the Kirkwood Sandstones and in 
the matrix material of the Enon Conglomerates in areas where the source of 
the palaeosediments are wholly or partially derived from rocks of the 
Bokkeveld group. Boreholes within the quartzite provenance, intersecting a 
combination of both the Ki rkwood and Enon Formations have intermed iate 
transmissivities varying from 21 , 2m2 /day for borehole SN1G to 52,4m2 /day for 

borehole KR71G . 

TABLE 8 .. VARIATIONS I N REPRESEN TATIVE VALUES OF TRANSMISSIVITY (M'/OAy) 

LITHOLOGY 

SANDSTONES 
(KIRKWOOD 

fORMATJON) 

SANDSTONES 

AND CON-

GLt:.MERATES 

(KIRKWOOD 

AND ENON 

fORMATIONS) 

CONGlCl<ERATES 
(ENDN 
fORMA T I ON) 

LOWEST VALUE 

BOREHOLE 

FROM h'H)CH 

VALUE OBTAINED 
& PALAEOSOURCE 

MO 10 G 

MIXED PROVENANCE 

SN , G 

(TESTED AT A 
DEPTH Of '09M) 
QUARTZITE PROVENANCE 

MO 2 1 G 

MIXED PROVENANCE 

VALUE 
(M'/CAy) 

13,1 

l' ,1 

1,0 

HIGHEST VALUE 

BOREHOLE 
FROM WHICH 

VALUE OBTAINED 

& PAlAEOSOURCE 

KR 71 
Ql!ARTZ ITE PROVENANCE 

KR 7' G 

QUARTZITE PROVENANCE 

KR 75 G 
QUARTZITE PROVENAtlCE 

VALUE 

(M'/OAy) 

73,0 

S1,4 

89 ,3 

Table 8 indicates that of all formations found in the study area, 
conglomerates of the Enon Formation have the highest overal l va lues for 
transmissivity. Th i s is further evidenced by variations in transmissivity 
values related to vertica l facies changes. In borehole SN 1 G trans­
missivity values were found to increase from 21,2 to 38,1m2/day as 
increasing proportions of Enon conglomerates were encountered at depth 
(Table 7). 
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Transmissivity values indicate that of all the boreholes located within the 
quartzite provenance, borehole KR 75 G has the highest values of 

transmissivity. Specific drawdown values were also higher for KR 75 G 
than for any other borehole located within the quartzite provenance. As 
specific drawdown is both a measure of the storage and transmissive 

abilities of a borehole, this indicates that borehole KR75G has poor storage 
capability. When compared to estimated values of storage, using the Hazel 
(1975) technique, the comparison was found to be favourable with the 

estimated value of storage for borehole KR75G being the lowest of all 
boreholes located within the quartzite provenance (Page 47 and Table 7). 

This provides additional evidence of the reliability of the Hazel estimation 
technique for boreholes within the study area. 
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Chapter 8. Hydrochemistry. 

8.1 Introduction. 

The purpose of obtaining and analysing water quality data is to provide 
insight to the hydrochemical relationships of the various lithologic and 
aquifer units. In order to meet this objective 270 samples were obtained in 

three phases: 
1. As part of the 

pOints, to obtain 
2. Dur ing dri lling, 

study area .hydrocensus 
a perspective on spatial 
to obtain information 

of existing abstraction 
water quality variations. 
on the water quality of 

specific formations and of vertical variations within the aquifers. 
3. During the execution of aquifer tests, as a means of detecting 

changes during testing and to obtain relatively uncontaminated 

integrated samples from a known aquifer source. 

Samples were analysed at Rhodes Un iversity and at the Hydrological Research 
Institute, Pretoria. Analyses conducted included the following: pH, 
conductivity, total alkalinity (TAL), total dissolved solids (TDS), Ca, Mg, 

Na, K and CI, while analyses for F, P, N03, Si, S04 and NH4 were also made 
at the Hydrological Research Institute. In addition to laboratory analysis, 

field measurements of specific electrical conductance were made to aid 
decision making in the field and to provide back-up data. 

A summary of analyses of hydrochemical samples obtained during drilling and 

test pump ing is presented in Table 9. 

8.2 Hydrochemical classification of the groundwater. 

In order to gain an understanding of the hydrochemistry of the study area, 

it is necessary to consider the hydrochemistry in two ways. Attention is 
first given to the variability of total dissolved solid concentrations 

between aquifer units. Second is a more detailed study of differences in 
ionic ratios related to lithol ogical types and hydrochemical facies. 

Differences in ionic ratios are first considered joint ly with the use of 
trilinear plots and then in more detail as each participating ion in 

possible hydrochemical changes are considered in turn. Consideration of pH 



TABLE 9 SUMMARY OF WATER CHEMISTRY FROM CONSTANT RATE TESTS 

Borehole (when at (when at 
Number _K~~G __ KR 72 KR 75 G SN I G 1 ~9m) KR 71 G N I G 257m) MO 21 G MO 20 G 
Number of Samples 2 19 17 3 6 4 2 

5 [PM 5 

mg/t ~ 

S ./ IEPM S d~'5 /[PM/ / 
/ 

mg/ % ft mg/i //' 'X ~ ~ mgt ~ 

04 25.0 

C, 
9.251 

17 .1 / 

. 6 . 1 / 27 .3 6.6 2~~//·4 . , 6.3 22 103 6.5 

!2.27 2% 14.B 'X I.B 92 5X 5.4 ,./ / 12.4 7J .~ ... 5B.0 
73.71 /52.3 ' 76.9 340 /70.0 41,7 1/ 74.4 121.5 72.B /286 78.2 .//1334 /' //7) 3 N, 

25,7/~ 0 .3 0.3 / o .IB iO,06 2.0 .O~ 0,05// 10,02 0.3 
.06 ~r 1,7 1.7 23.9 0.4 1.3 /0.6 2.15 2.1 3.3 ./ 0 , 4 O,B3 O.B 2.30 O.B 5.35 0.9 67.4 2.2 

37,5 -16.7 4.8 0.86 0.6 10 .44 
- . 

52.6 .9 0 0.5 15.4 1.46 0 / 2.22 /4.2 14.2 
I 

81.5 • 4.6 10.5 17 4 53 1 14 9 60 27 14 0 18 .0 
/1. .8 ,0% 87.3 o--:SS- 1.1 17,7 

484 17 .2 ' 11.3 102 10.6 .... 53,5 7.4 1 <.n 
<.n 

0 0.5 0 .96 

K 

Mg 

504 

0 0 14.4 5.9 15 7 9 
TAL 

467 135 55,1 2.32 

~1'/a:1~~(,r~{,:l6.'B 47B9 93 141.6 82 .4 73,0 660 89 7A _? 7Q 7 ? 1 a ./ 
CI 

950 

T05 1208 1,/ 1/160.2 
0.3 

pH 
/ 
6.0 6 .5 5.6 

0.009 0.07 0.004 
3 

0.035 ~Ol 
O. I /1 /10.06 0.005 i 0.02 0.015 

/' 0,06 t 0.001 ' 0.03 0.01 

0.04 
NH4 

N03 
O. 0.0 

F 
I/, U.l: 1/ f ./0,2 /0.0 

0.08 

5i 

P 1/ ··· .. V _V_~·V" V V "."'OV V v.vvb V V 0.01 v= VO.0051/ V O.ooV VIJ .VUq V 
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TAGLE 9 SUMMARY OF WATER CHEMISTRY FROM SAMP LES OBTAI NED DURING DRILLING 

Borel101e {when at 
m KM G KR 72 KR 75 G SN 1 G 1~9m) KR 7 1 G 

Numb~r of Samples 
14 II 3D 

5 5 EPM 5 / 
EPM--,-

/,/'" EP/,' 5 /' 
mr--

/, .... , 
.. /~/ mgt ~ /"m9/1 ~ x.mg/l / 1 ~ 

0,768 30 , 3 3,08 11 ,2 0,798 ./ 4,45 

C. 61,7 10, I 16,0 

23,05/" 161,2 

H. 

K 
1,7 4,74 2,0 

29 , I 4,0 7,2 0,808 

Mg 
353 15 37,6 48 ,~, 13,0 17,3 9,82 14,0 

213 17 ,8 61,3 212,3 6,0 1,2 24,0 0,06 

504 631 9 ,0 117,5 15, I 280 , 56,4 9,8 29,0 10,4 
5 ,4 0 ,06/ 15,7 10,963 23,8 3,54 IO;-S-

0%' 
17,05 ,752 

TAL 
2,9 0,03 48, I 5,9 177 07 II 9 4 I 6 37 2 13 0 

1398 181 216 
1

12 ,8 348 ,9 20 ,6 94,8 10,8 82 ,83,/ 4,43 

CI 
453 ,2 79,0 730,2 76,6 

942 , I 

105 
1970 8 

,44 

HH, 0,31 

16 ,2 0 ,04 

N03 

F 

0,89 0,95 0 ,6 11,9 
" 

5i 3,7 ',16 6,35 
0, 8 0, 01 0 ,0 0 ,01 

P 0,009 , 0 ,01 0,008 0,01 

(when at 
SN I G 267m) MO 21 G 

24 8 
5 // [PM ' 5 ___ EPM 

~9tl ~ --,,:: mgtl ~ 

8,6 0,65// 2,8 I, I 

13 , I 5,3 2, I 7 ,2 

9, I 10,6 12,2 

208, I 74,3 279,8 79,7 
4,8 

8,0 1,6 10,3 2,0 
15,4 2,3 2,7 11 ,7 

27,6 18,8 I , I 
1,0 / 

/ naiysed /' 
4B.4 /6 ,6 

15,9 0,37 3,2 /' 0,32 /' 
/ 

/187 15, 
219,3 11 ,6 15,2 

122 

not aJysed 
0,014 

MQ 20 G 

8 
5- M7 

x. mg/l ~ 

12,2 5,2 

104, I 6 ,6 

93,6 
5% 

1l35,6 , 7J,6 
7,2 1,8 

71,0 2 ,3 

7,0 1l,8--

16 7,5 17,5 
14,6 6, I 

I 
294 .s ! 7,8 

26,7 [2 ,5 / 

12 3.9
1 
/' J,t 

123,2 169,9 
I 

2478 I 89,0 

/ 
0,02 

o 03 
0,08 

4,4 / 
0:62 / 

0,01 I 

In 

'" 
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and ions that may participate in possible base exchange and sulphate 
reduction reactions are made using only analyses from aquifer test water 
samples. The usefulness of samples obtained during drilling when 
considering ionic ratios, is limited by possible oxidation and release of 
carbon dioxide from samples during filtration, and is discussed further on 
page 61. 

Towards the end of the chapter ions which do not undergo significant 
hydrochemical change are. briefly discussed using analyses of both pumping 
and drilling samples. 

... 
8.2.1 Total dissolved solids (TDS) . 

The total concentration of dissolved minerals in water is a general 
indication of the mineralised quality of the water and its suitability for 
the many types of uses. The concentrations of TDS may be directly 
determined, by drying and weighing the residue or indirectly determined by, 
(a) adding together the separately determined ion concentrations, (b) deter­
mining the specific gravity of a sample or (c) measuring the specific 
conductance of the water. 

During the hydrocensus an indication of water quality was obtained using the 
approximation of specific conductance. From the outset of the hydrocensus 
it was apparent that considerable spatial variation in water quality exists 
and is probably related to : 

1. Variability of aquifer type, with less transmissive aquifers having 
higher TDS values. 

2. Variability due to source area of recharge and palaeosediments. 
Figure 20 is a scatter plot of yield verses TDS and illustrates the 
generally lower TDS and higher yield values for those boreholes 
located within the quartzite provenance. 

During aquifer testing when samples could be obtained exclusively from a 
known aquifer unit/units, the following mean value for TDS were obtained. 

* ALL SAMPLES WERE FILTERED IN THE FIELD BEFORE ANALYSIS 
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TABLE 10. TOTAL DISSOLVED SOLID COMPONENT OF HYDROCHEMISTRY. 

FORMATION LI THOLOGY PALAEOSOURCE MEAN TDS mg/~* 

AREA 

Ki rkwood Mudstone 8764 

Kirkwood Sandstone Quartzite 367 

Enon Cong lome rate Provenance 197 

Kirkwood Sandstone Mixed 4617 

Enon Conglomerate Provenance 966 

*For tables 10 to 19 the number of samples from which means are calculated 
together with standard deviation are the same as listed in table 9. 

As expected boreholes intersecting combinations of the above lithologies 

have intermediate TDS values. Borehole KR71G is anomalous in this regard 
and will be discussed separately at the end of the chapter (Page 83). 

8.2.2 Piper Diagram Analyses. 

The Piper Diagram is a trilinear plot developed by Piper (1944) as a means 
of representing the water analysis as a whole. Ward (1975) describes it as 
a trilinear diagram which combines three plotting fields, two triangular 

fields and an intervening diamond-shaped field, all having scales of 0 to 
100 representing percentage of total equivalents per million. The 

proportion of each cation constituent is plotted as a single point in the 
left-hand triangular field and each anion constituent in the right-hand 

triangular field. The central diamond-shaped field is used to show the 
overall chemical character of the groundwater by a third single point 
plot which lies at the intersection of the rays projected from the cation 

and anion pOints. As the plot is of relative and not absolute 
concentrations it serves as a diagnostic tool to distinguish between the 

major element chemistry of water originating from different 
Figure 21 illustrates the hydrochemical facies classification 

Back (1966) which will be used as a basis of classification 

study. 

rock types. 
proposed by 

during this 
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FIGURE 21 PIPER DIAGRAM SHOWING HYDROCHEMICAL FACIES 
(AFTER BACK 1966) 

_c. 
Cations 

PERC[NT Of TOTAL [QUIVALENTS PER MILLION 

CI --+ 

Anions 

A H20 contaminated -with Gypsum 

B Sea \later 

C Sodium Chloride Brines 
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Figures 22 and 23 show the fields into which analyses plotted from the 
hydrocensus and drilling programme respectively. In both cases the plots 

are very similar and illustrate a general characteristic of little 
hyd rochemical variation between boreholes. On the cation diagram all 
samples plotted into the sodium or potassium type field, while in the anion 
diagram all samples plotted into the chloride type field. As the potassium 

ion seldom exceeds 5% of the sodium ion, the water may be described as being 
of the sodium chloride type, and plots as such on the central diamond shaped 
plot. Figure 24 is of analyses obtained during aquifer testing and 

represents water from the different lithologies and aquifers derived from 
the two palaeosediment source areas. The field into which the analyses plot, 

indicate that although inter aquifer differences in certain hydrochemical 
ratios are noticable, water from the various aquifers is generally similar, 

being of the sodium-chloride type. 

Despite possible oxidation during filtration, figure 25 indicates that 
groundwater obtained during drilling through the Kirkwood Mudstones in 
boreholes KM1G would if no oxidation had occurred, approximate that of the 
mean of pumped samples from borehole KM1G. Although the determination of a 

typ ical hydrochemistry for groundwater from a particular lithology could not 
normally be justified on the basis of data obtained from a single aquifer 
test, the evidence presented in figure 25 indicates it to be, in absence of 

additional data, a reasonable estimate. 

From figures 24 and 26 two trends may be distinguished for the cations: 

1. The combined relative proportion of sodium and potassium cations are 

highest for the mudstones of the Kirkwood Formation and 

conglomerates of the Enon Formation. Where sandstones and 
conglomerates of the Kirkwood Formation occur alone or in 

combination with conglomerates of the Enon Formation, the combined 
proportion of sodium and potassium is reduced. 

2. I~udstones of the Kirkwcod Formation have greater proport ions of 

calcium than do the other formations whose proportions of calcium 

are similar and plot in a restricted field . 
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FIGURE 23 COMBINED TRILINEAR PLOT 
OF MEAN HYDROCHEMICAL 
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FIGURE 24 TRILINEAR PLOT OF MEAN 
HYDROCHEMICAL CONCENTRATIONS 
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FIGURE 25 TRILINEAR PLOT OF RELATIVE 
PERCENTAGES Na, Ca & Mg 
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FIGURE 26 DOMINANT CATIONS AND ANIONS OF SAMPLES OBTAINED DURING CONSTANT RATE TESTS 
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Two further trends may be interpreted from the plot of anions: 

The 

1. There is an increase in the proportion of chlorides to total anions 
upwards through the sequence from the conglomerates to the 
mudstones . Boreholes located in the mixed sha le/quartzite 
provenance althougll being made up of conglomerates and sandstones, 
plot closer to the mudstones and siltstones of the quartzite 

provenance '. 

2. Within the quartzite provenance, the basal conglomerates of the Enon 
Formation have the highest TAL/S04 ratio. The TAL/S04 rati os then 
progressively decrease upwards through the conglomerates and 
sandstone /siltstones of the Ki rkwood Formation to the mudstones of 
the Kirkwood Formation which do not contain alkalines . Analyses 
from the mixed provenance although showing the same trend, plot 
closer to the silt/sandstones of the quartzite provenance as in the 
previous case. 

above trends indicate that despite the general similarity of 
l i thological 

the 
and groundwater, hydrochemica l differences in response to 

therefore facies changes occur . Differences are possibly explained by base 
exchange reactions in the case of sodium, potassil m, calcium and magnesi um 
ions and sulphate reduction in the case of ch loride ions and TAL/S04 ionic 
ratios. The hydrochemical trends are discussed further as the participating 
ions are considered in turn. 

8.3 pH and Individua l Ionic Concentrations. 

8.3.1 Hydrogen Ion Concentration (pH). 

Mean pH values ranged between 5,6 and 8,3 which closely corresponds to the 
normal range of pH values for natura l groundwater of 5,5 to sl ightly over 8 
(HEM, 1959). 
follows: 

Mean laboratory measured pH values for the formations are as 
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TABLE 11. THE pH COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE AREA MEAN pH 
Kirkwood Mudstone 6,8 
Kirkwood Sandstone Quartzite Provenance 6,0 
Enon Conglomerate 7,1 

Kirkwood Sandstone Mixed Provenance 8,3 
Enon Conglomerate 6,4 

Venables (1985) working in an area bounding the northern margins of this 
study area found waters from the Bokkeveld Formation to have pH values of 
around eight. This serves to illustrate the influence of the Bokkeveld 
Formation on pH values for Kirkwood Sandstone in the mixed provenance whose 
pH value is 8,3 as compared to 6,0 for the Kirkwood Sandstones located with­
in the Quartzite Provenance. 

Borehole KR 71 G intersecting sandstones and conglomerates of the Kirkwood 
and Enon Formations has an anomalous pH of 5,6. Hem (1959) states that the 
carbon dioxide and carbonate or bicarbonate concentrations form the 
principal control 
attributed to a 
reduced ability 

of pH in most natural waters, the low pH value is 
TAL concentration of only 2 ,8mg/! and the associated 

of the bicarbonate-carbon dioxide system to buffer the 
groundwater. The anomalous value for borehole KR 71 G is discussed further 
at the end of the chapter (page 83). 

8.3.2 Total Alkalinity (TAL). 

The property of alkalinity in water is its ability to neutralize acid. 
Total alkalinity is reported in terms of equivalent titratable amounts of 
bicarbonate, carbonate and hydroxide ions. Hydroxide ions in natural water 
very rarely occur in amounts sufficient to affect alkalinity. Groundwater 
with a pH below 8.2 lacks the normal carbonate phase, while most natural 
groundwater with a pH of 4,5 or over has a range in alkalinity reported as 
bicarbonate from zero to 1000 mg/!. Values are however most common in the 
50-400mg/! range (Hem, 1959, and Davis and De Wiest, 1966). Mean TAL values, 
are as follows in table 12: 
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TABLE 12. THE TAL COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN TAL mg/1 MEAN TAL AS 

AREA % EPMA* 
Kirkwood Mudstone 0 0 

Kirkwood Sandstone Quartzite 14 5,9 
Enon Conglomerate Provenance 25 15,7 

Kirkwood Sandstone Mixed 79 3,5 
Enon Cong lomerate Provenanc.e 39 4,8 
*Where EPMA = Equivalents per Million of Anions. 

With the exception of Kirkwood Sandstones within the Mixed Provenance it may 
be concluded from the above table that while falling within the accepted 
range for natural waters, total alkalinities are generally lower than those 
commonly encountered. The Kirkwood Sandstones within the mixed Provenance 
have a pH value of 8,3 , mak i ng it possib le for the normal carbonate phase 
to contribute to the value of 79mg/£. 

The possible contribution is however likely to be small as alkalinity 
reported as carbonate is generally less than 10mg/£ (Davies and DeWiest, 
1966) . 

Figure 27 illustrates the trend shown in the Piper diagram analysis of 
decreasing TAL proportions, from the Enon Conglomerates through the Kirkwood 
Conglomerates and Sandstones to the Kirkwood Mudstones. The trend is 
probably explained by the exchange of sulphate for alkalinity · (sulphate 
reduction) as the hydrochemical facies change towards reducing environments 
(Winter, 1983) in response to the artesian conditions. 
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FIGURE 27 SCATTER PLOT INDICATING CHANGE IN % TAL WITH LITHOLOGICA L TYPE 

100 

E 
"-
W 

V) 
z 10 0 

z 
<: 

u.. 
0 

..J 

"" f-.. 

0, 1 

€I KR 75 G (Enon Conglomer~te) 

KR i2 (Kirk.IJood Sandstone) 

o (!)SN 1 G (KirbJood 5"nd~tone and Enon and Kjrblood Conglomerates) 

£. Jo'l' 21 G ([non (onglomerHe) 

.& 1".0 20 G ( r. ir~.l<ood Sandstone) 

o KR il G (Kir\:.woOd Scn~stone ond [non (onglomerHe) 

(!,)SN 1 G (Kirk\(ooo San~s tone .. nd Kirkwood Cong!omerne) 

1<11 1 G {Kirkwood mudstone} 

j 
0.0 1000 10 iDO 

TOTAL AN ION S (epm) 

o = Quartzite Provenance 

.&.. = I"d xed Provenance 



71 

8.3.3 Sulphate Ion. 

Mean Sulphate Ion concentrations are as follows: 
TABLE 13. THE SULPHATE ION COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN S04 MEAN S04 AS 

AREA mg/£ % EPMA 
Kirkwood Mudstone 484 7,0 
Kirkwood Sandstone Quartzite 30 12 ,8 
Enon Conglomerate Provenance 17 11 ,3 

Kirkwood Sandstone Mixed 280 7,4 
Enon Conglomerate Provenance 54 6,7 
Where EPMA = Equivalents per Million of Anions. 

Sulphate ions in natural waters may have an abnormally large range of 
concentrations, but normal ly occur in the 1 to 1000 mg/£ range (Davis and 
De Wiest, 1966). The most likely source of sulphate to the Kruis River 
system is from the reported presence of evaporates in the form of gypsum and 
anhydrite (Winter 1973). The presence of high proportions of calcium from 
the Ki rkwood Mudstones further suggests the presence of evaporates. 
Relatively high concentrat ions of sulphate in the mixed provenance as 
compared to the quartzite Drovenance, may result from either one or both of 
the following reasons: 

1. Additional sulphate may have been contributed by the influence of 
the Bokkeveld Shales . High concentrations of sulphate are 
frequently derived from ferrous sulphide contained within shales 
(Hem, 1959). 

2. More rapid leaching of sulphate within the quartzite provenance as 
compared to the less hydraulically active mixed provenance. 
Heathcote and Lloyd (1984) found leaching efficiency to be an 
important 
lithologies 

factor i nfl uenc i ng 
in south-east England. 

su lphate content in simi lar 
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The reduction in su lphate concentrations (figure 26) from the mudstones to 
the conglomerates is probably a result of the combined leaching of the 
sulphates and the process of sulphate reduction previously discussed (Page 
69). Although the hig hest concentration of sulphate comes from the Kirkwood 
Mudstones, sulphate only makes up 7% of the total anions. This is lower 
than the combined averages for both provenances of 10% for the Kirkwood 
Sandstones and 9% for the Enon Cong lomerates. The low percentage cou ld be a 
result of sulphate rEduction promoted by decomposition of organic matter by 
anaerobic bacteria (Rankama and Sahama, 1950) resulting in free sulphur 
rather than sulphides being produced (Hem, 1959). Evidence of the reaction 
taking place is found on the farm Fonteinshoek where sulphur is deposited by 
a spring emanating from the mudstones. Hydrogen su lphide a product of the 
reduction of sulphate within th.e groundwater, is responsible for the 
frequently noticable "bad egg" type smell of borehole water within the study 
area. 

8.3.4 Chloride Ion. 

Mean chloride concentrations are as follows: 
TABLE 14. THE CHLORIDE ION COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN C I MEAN CI AS 

AREA mg/l % EPMA 
Kirkwood Mudstone 4789 93,0 
Kirkwood Sandstone Quartzite 142 81,3 
Enon Conglomerate Provenance 82 73,0 

Kirkwood Sandstone Mixed 2468 89,1 
Enon Conglomerate Provenance 518 88,5 
Where EPMA = Equivalents per Million of Anions. 

The dominance of 
the lithologies, 
Sandstones and 

ch loride over other anions and sedimentological history of 
indicate a marine origin for the chlorides. The Kirkwood 

Enon Conglomerates were impregnated with soluble salts at 
the time that the more argillaceous Kirkwood Mudstones were deposited. 
Present concentrates of chloride are probably largely due to differential 
leaching and dilution of the sa lts from the lithologies. During drilling 
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peak values of 16534mg/! and 15729mg/! were encountered in the Kirkwood 
Mudstones of borehole SN 1 G, only 13% and 17% below the 19000mg/! of sea 
water (Hem, 1959). Possible inclusions of connate water within the Kirkwood 
Mudstones located in the low lying areas bounding the fault zone, and high 
concentrations of salts of possible marine origin incorporated into the 
mudstones in present high lying areas may be expected from the incompletely 
leached deposits of Kirkwood Mudstone (Winter, 1973). 

The trend of increased ratios of chloride to other anions (Figure 28) 
upwards through the sequence to Kirkwood Mudstones, could be explained by 
sulphate reduction and the uncompensated removal of hydrogen sulphide from 
the water. 

8.3.5 Sodium Ion. 

Mean sodium ion concentrations are as follows: 
TABLE 15. THE SODIUM ION COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN Na. 

AREA MG/l 
Ki rkwood Mudstone 2597 

Kirkwood Sandstone Quartzite 84 

Enon Conglomerate Provenance 52 

Kirkwood Sandstone Mixed 1334 
Enon Conglomerate Provenance 286 
Where EPMC = Equivalents per Million of Cations. 

MEAN Na. AS 
% EPMC 

77,7 

73,7 
76,9 

73,3 
78,2 

As sodium ions are the dominant cations to chloride anions in sea water, the 
main source of sodium ions is likely to be the same as that 'given for 
chloride, namely due to sea water intrusion at the time that the Kirkwood 
Mudstones were deposited. As with chloride, peak sodium concentrations were 
encountered while drilling through the mudstone of the Kirkwood Formation 
and values of 8020 and 7440mg/l, 20% and 26% below the 10 OOOmg/l 
concentration of sea water (Hem, 1959) were obtained. Davies and DeWeist 
(1966) give the normal 
as to 1000mg/l. 

range of concentration for sodium ions in groundwater 
Mean concentrations for the Kirkwood Mudstones and 
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Kirkwood Sandstones within the mixed provenance are above the norm. The 
high concentrations are probably attributab le to high initial concentrations 
and poor leaching because of the inactive nature of the groundwater regime. 

In the case of the conglomerates and sandstones of the Kirkwood and Enon 
formations, additional sodium may have been derived from unaltered silicate 
mineral grains . In the case of the Kirkwood mudstones, additional sodium 
may have been derived from the evaporate minera l s hal ite (NaCl) and 
mirab ili te (Na2S04 . 10H20) (Hem, 1959). Many clay minerals also contribute 
sodium ions to groundwater. 

A process enabling some minerals and clays to contr i bute sodium ions to 
groundwater is base exchange, where calcium or magnesium for sodium cation 
exchange is positive for release of sodium to groundwater (Lee, 1985). The 
trend of changing proportions of cations observed in the Piper diagram is 
probably due to this exchange. Figure 29 shows a probable relationship 
between the three major cations and indicates that base exchanoe would 
probably have taken place with calcium in the mudstones of the Kirkwood 
Formation and magnes ium in the conglomerates of the Enon Formation. Within 
the Enon Conglomerates probable base exchange is likely to be controlled 
by clay minerals within the matrix material, as generally lo~' concentrations 
of dissolved salts preclude the significant presence of evaporate minerals. 

8.3.6 Calcium Ion. 

Davis and De Weist (1966) give the common range of calcium cations for 
natural waters as 1 to 1000mg/1. 
influences as : 

The concentrations vary due to such 

1. The partial pressure of carbon dioxide, high partial pressures 
resulting in the high solubility of calcium carbonate. 

2. The presence of sodium and potassium salts in the water which 
increase the solubility of calcium carbonate. 

3. The presence of the evaporate minerals gyps um and anhydrite which 
contribute calcium to groundwater . 

All three of the above may playa part in determining the mean calcium 
concentrations, which are listed in table 16: 
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TABLE 16. THE CALCIUM ION COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN Ca MEAN Ca AS 

AREA mg/£ % EPMC 
Kirkwood Mudstone 502 17,2 
Kirkwood Sandstone Quartzi te 8 8,3 
Enon Conglomerate Provenance 4 6,1 

Kirkwood Sandstone Mixed 103 6,5 
Enon Conglomerate Provenance 22 6,9 
Where EPMC = Equivalents per Million of Cations. 

Within the study area, two probable sources of calcium exist: 

1. From redeposited calcium carbonate materia l in the form of 
interstitial cements. 

2. In the form of the evaporate minerals gypsum and anhydrite. 

The presence of the evaporate minerals in the Kirkwood Mudstones reported by 
Winter (1973) is suggested by the relatively high concentrations of calcium 
and sulphate (Figure 26) and high ratios of 3,7 to 1 (Figure 30), 
calculated from equivalents per million , for calcium to magnesium cations 
(Hem, 1959) . It is the high ratio of calcium to magnesium within the 
mudstones and its availability for probable base exchange react i on that 
results in predominantly sodium/calcium exchange taking place within the 
mudstones, while sodium/magnesium exchange takes place in the other 
formations whose low calcium to magnesium ratio vary between 1 to 2 and 1 to 
5 (Figure 30). This relationship could explain the var iation in calcium 
ratios between the 
mudstones and remaining formations. 
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FIGURE 30 SCATTER PLOT OF CALCIUM VERSUS MAGNESIUM ILLUSTRATING THE DIFFERENCE 
IN CALCIUM/ MAGNESIUM RATIOS BETWEEN BOREHOLE KM 1 G (REPKESENTING THE 
KIRK~OOD MUDSTONES)AND OTHER FORMATION TYPES 

• u 

100 

10 

1.0 

• KR 75 G 

• KR 72 
·5N1G(2) 

.KM 1 G 

MO 20 G • 

• MO 21 G 

· 5N 1 G (1) 

[[Y: 

• Quartzite provenance 

... M!xe<! provena nce 

KR 71 G 
0.1 L-----------~~~~----------------~IO~----------------IOLo 

0,1 1,0 

Hg (epm) 



79 

8.3.7 Magnesium Jon. 

Mean magnesium concentrations are as follows: 
TABLE 17. THE MAGNESIUM ION COMPONENT OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN Mg MEAN Mg AS 

AREA mg/l % EPMC 
Kirkwood Mudstone 82 4,6 
Kirkwood Sandstone Qua rtzi te 11 17,4 
Enon Conglomerate Provenance 5 14,9 

Kirkwood Sandstone Mixed 173 18,0 
Enon Conglomerate Provenance 27 14,0 
Where EPMC = Equivalents per Million of Cations. 

Although the mean concentrations of magnesium ions are generally low (Less 
than 200mg/l), they fall well within the range given by Davis and DeWiest 
(1966) of 1 to 1000mg/R. Low concentrations are attributed to the lack of · 
suitnble source areas such as dolomitic terrains or ultrabasic rock types. 
Hem (1959) states that in most waters magnesium content is considerably less 
than calcium even when calculated on the basis of concentrations expressed 
in equivalents per million. Within the study area this is only true in the 
case of Kirkwood Mudstones (Figure 26). As sea water has a calcium to 
magnesium ratio of 1 to 5 and considering the sedimentological history of 
the lithologies, the source of magnesium is most likely that of sea water, 
intruded into the arenaceous and rudaceous sediments at the time of 
deposition of the Kirkwood Mudstones. The sea water could then have 
undergone leaching and dilution to present concentrations. 

High ratios of calcium to magnesium in the Kirkwood Mudstones is probably 
explained by a combination of the reported presence of evaporites already 
discussed (Page 77), the stronger tendency of magnesium to remain in 
solution than does calCium, and by the higher degree of solubility of 
magnesium carbonate than calcium carbonate (Hem, 1959). The magnesium could 
thereby be partially removed by preferential leaching, further increasing 
the relative proportion of calcium to magnesium. 
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8.3.8 Potassium Ion. 

Potassium comes out of so l ut ion more easi ly than does sodium and is easi ly 
recombined with clay minerals resulting in general ly low potassium 
concentrations in most groundwater. 

Mean potassium concentrations are as follows 
TABLE 18. THE POTASSIUM ION COMPONENT OF HYDROCHEMISTRY 
FORMATION Ll THOLOGY PALAEOSOURCE MEAN K MEAN K AS 

AREA mg/l % EPMC 
Kirkwood Mudstone 24 0,4 
Kirkwood Sandstone Quartzite 1 0,6 
Enon Conglomerate Provenance 2 2,1 

Ki rkwood Sandstone Mixed 67 2 

Enon Cong lomerate Provenance 5 0,9 

Where EPMC = Equivalents per Mi llion of Cations. 

Potassium concentrations are within the expected range with groundwater of 
low TDS having concentrations well below the upper limit of 15mg/l for 
ordinary grou ndwaters (Hem, 1959) and for those with a high TDS value 
potassium concentrations are higher as expected. The source of potaSSium to 
groundwater is probably from unaltered silicate and clay minerals which form 
the normal source of potassium for groundwater from resistate and 
hydrolyzate sediments. No diagnostic relevence is seen to exist for the 
mean potassium concentrations measured. 

8.3 .9 Ammonium, Nitrate, Fluor ide, Silica and Phosphate Ions. 

As concentrations of these ions are low (less than 6mg/~) and in no case 
exceed safety levels fo r domestic consumption as pub l ished by the World 
Health Organisation (1971) or the South African Bureau of Standards (1971), 
they are considered briefly. Individual concentrations are given below: 
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TABLE 19. THE AMMONIUM, NITRATE, FLUORIDE, SILICA AND PHOSPHATE ION 
COMPONENTS OF HYDROCHEMISTRY 
FORMATION LITHOLOGY PALAEOSOURCE MEAN NH4 MEAN N03 MEAN F MEAN Si 

AREA mg /.e mg /.e mg/ .e mg/.e 
Kirkwood Mudstone 0,48 0,09 0,7 2,7 
Kirkwood Sandstone Qua rtzi te 0,04 0,06 0, 1 4,7 
Enon Conglomerate Provenance 0,04 0,00 0,2 4,2 

Kirkwood Sandstone Mixed 0,04 0,03 0,9 4,3 
Enon Conglomerate Provenance 0,03 0,04 0,2 5,9 

8.3.9.1 Ammonium Ion. 

Hem (1959) states that ammonium ions occur in groundwater subject to direct 
pollution with organic waste products, but that nutrifying bacteria l action 
generally converts the ammonium, usually in the form of ammonium hydroxide, 
to free nitrogen or oxidized forms such as nitrate or nitrite. As litt le 
bacterial activity takes place in all but very shallow aquifers (Bouwer, 
1979), concentrations of ammonia are all very low (less than 0,5mg/!) and 
the lack of hydraulic connection between surface and groundwater (page 90) 
all indicate that the ammonium is probably derived from the normal intake of 
naturally occurring ammonium from the source area rather than because of 
direct pollution by organic waste. 

8.3.9.2 Nitrate Ion . 

Although the source of most nitrates is closely related to plants and animal 
wastes, it may also be formed by oxidation from ammonium and by atmospheric 
nitrogen being converted to nitric oxide by lightening discharges (Hem, 
1959). Concentrations of nitrate in natural groundwater is given by Davis 
and De Wiest (1966) as 0.01 to 10,Omg/.e. As the mean nitrate 
concentrations of groundwater from the aquifers are between ° and 0,09mg/.e 
and because of the lack of hydraulic connection between surface and 
groundwater previously discussed, nitrate in the groundwater is probably 
derived from normal intake from the source area. 

MEAN P 
mg /.e 
0,001 
0,017 
0,018 

0,004 
0,006 
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8.3.9.3 Fluoride Ion. 

Fluoride, although a member of the halogen group of elements like chlorine, 
is l ow in so lubility and concentrations rarely exceed 10mg/£ (Oav is and De 
Wiest, 1966). Hem (1959) gives the most important of the numerable complex 
fluoride-bearing minerals as apatite and fluor i te (Calcium fluoride). These 
minerals form the most common source of fluoride in sedimentary rocks and 
are Drobably responsible for the low concentrations (less than 1mg/~) of 
fluoride present in the groundwater encountered within the study area. 

8.3.9.4 Silica Ion. 

Silica although being the second most abundant element in the earths crust, 
is in its most common form quartz, the most resistant of all rock minerals 
to weathering by water. The greater part of dissolved silica in groundwater 
originates in the chemica l breakdown of silica in the process of 
metamorphism or weathering (Hem, 1959). The amorphous forms of silica such 
as chert and opal are more so luble than quartz and are also a source of 
silica in groundwater. As the mean concentrations of silica in the 
groundwater obtained from the various lithologies does not exceed 6mg/£, it 
falls well within the range for most groundwaters quoted by Hem (1959) of 1 
to 30mg/£, while being genera lly low when compared to the approximation of 
20mg/£ quoted by Bouwer (1978) for normal groundwater. 

Although silica concentrations may vary due to groundwater temperature 
variations and partial pressures of carbon-dioxide (Krauskopf, 1956, and 
Garrels and Christ, 1965), lower concentrations of silica in groundwater 
from the Kirkwood Mudstones, as compared to the resistate lithologies, is 
probably largely a result of a reduced presence of amorphous silica and 
tectosilicate feldspars for solution. 

8.3.9.5 Phosphate Ion . 

Mean phosphate values for groundwater from the var ious lithologies var ies 
from O,001mg/£ to O,018mg/1 and is well below the upper limit for natural 
groundwater of 2mg/1 quoted by Hem (1959) . The phosphate is probably 



83 

derived from the mineral apatite and from natural organic wastes and 
leaching of soils in the source area. The notably lower levels of phosphate 
in groundwater from the Kirkwood Mudstones as compared to the resistate 
lithologies is probably accounted for by the findings of Rankama and Sahama 
(1950), who state that phosphates usually do not remain in solution but are 
deposited in hydrolyzate lithologies. 

8.4 Anomaly, borehole KR71G. 

The hydrochemistry of groundwater from borehole KR71G, 
being anomalous with lower than expected values for TDS, 
20). 

is rega rded as 
pH and TAL (Table 

TABLE 20. A COMPARISON OF APPARENTLY ANOMALOUS AND EXPECTED HYDROCHEMICAL 
VAL UES FOR BOREHOLE KR71G. 
Borehole KR71G Borehole on which expected values are based* 
Anomalous Expected SN1G (when 
Value Value Range KR75G at 257m) KR72 

Description Sandstones and Conglomerates Conglomerates Sandstones and Sandstones 
of aquifers Kirkwood and Enon Formations Enon Formation Conglomerates Kirkwood 
intersected Kirkwood & Enon Formation 

Formations 
TDS (mg / l) 160 198-367 198 230 
pH 5,6 6,0-7,1 7,1 6,1 
TAL (mg/1) 2,8 11,0 - 24,8 24,8 11 ,0 

* All boreholes are located within the Quartzite Provenance. 

The marginally lower TDS value (Table 20) is partially explained by the 
lower concentration of TAL. The minimum remaining difference of 16mg/l is 
not regarded as significant and could be accounted for by numerous local 
variations in the hydrogeological properties of transmissivity, availability 
of source minerals and leaching. 

Lower t han expected values for pH and TAL are likely to be related and 
explained by less active sulphate reduction. Less active sulphate reduction 

367 
6,0 

14,4 
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is in turn probably due to either reduced bacterial activity or lower 
hydrocarbon concentrations, resulting in a lower partial pressure of carbon­
dioxide and reduced concentrations of TAL expressed as bicarbonate . The 
reduced carbon-dioxide and TAL concentrations in turn would result in the 
reduced ability of the bicarbonate, carbon-dioxide system to buffer the pH of 
the groundwater and consequentially a lower value of pH would result. Palmer 
and Cherry (1984) quote similar examples of different hydrochemistries within 
the same types of rock units, due mainly to variations in partial pressures of 
carbon-dioxide and differing degrees of sulphate reduction. 

8.5 Summary. 

The major contributor of dissolved salts to the sandstones and conglomerates 
of the Kirkwood and Enon Formations, which form the main aquifers is 
considered to be the argi ll aceous Kirkwood Mudstones. The mudstones' 
geochemistry developed during the deposition and formation of the mudstones 
in a mar ine /estuar ine environment and probably includes the formation of 
evaporite minerals. (Page 77). Although hydrochemical modificat ion of the 
groundwater in the various lithologies is shown to take place (Page 61), it 
is generally limited to a change of less than 30% in the relative 
proportions of anyone element, as illustrated in the Piper Diagrams 
(Page 64), and hAS little effect on the overall quality of the groundwater. 
The most important influences therefore remain the hydrol og ical properties 
of the lithologies and their abi lity to leach and dilute the salts both from 
within the formation and those contributed from the over lying Kirkwood 
Mudstones . 
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TABLE 21. A SUMMARY OF ABSTRACTION AND USAGE OF GROUNDWATER FROM THE STUDY 
AREA 

Industry Domestic and Irrigation with Total Abstraction 
Stock minor domestic from Provenance 

& stock 
Quartz i te Provenance 

m' /year 116 883 1 911 197 2 028 080 
Percentage of 
Provenance Total 6,1 93,9 

Mixed Provenance 
m' /year 3154 21 326 24 480 
Percentage of 
Provenance Total 12,9 87,1 
Percentage of 
Tota I Usage for 
both Provenances 0,2 6,7 93,1 
Total abstraction from study area m' /year. 2 052 560 

Table 21 is a summary of abstraction and usage of groundwater from the study 
area and forms a measure of the availability and quality of water from the 
two provenances. (The table is based on a survey of abstraction and the 
hydrocensus both of which may be found in the appendix). Of the total 
estimated abstraction 98,7% is abstracted from boreholes within the 
quartzite provenance, of which most (93,9%) i s used for irrigation which 
generally requires good quality water. Groundwater from boreholes in the 
mixed provenance however forms only 1,3% of the total groundwater abstracted 
in the study area and is used mainly (87,1%) for domestic and stock watering 
purposes, both of which can tolerate poorer quality water than that normally 
required for irrigation. Groundwater used for industria l purooses within 
the mixed provenance is of good quality (300mg/£) but only forms 12, 9% of 
the groundwater from the mixed provenance. 

It i, concluded that good qua lity water suitable for most domestic, 
agricultural and industrial uses is found in association with the arenaceous 
and rudaceous members of the Kirkwood and Enon Formations within the 
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quartzite provenance. Care should however be taken during borehole 
construction to preclude water from the Kirkwood Mudstones. Because of the 
mi ld acidity of the groundwater, corrosion proof cas i ng should be used. 
Within the mixed provenance water from the sandstones of the Kirkwood 
Formation is unsuitab le for most purposes with the exception of providing 
drinking water for animals. Water from the Enon Conglomerates is of better 
quality and has a wider range of potent ial usage, but remains unsuitable for 
most irrigation and industria l purposes. 



87 

Chapter 9. Piezometric levels and recharge. 

The chapter considers piezometric changes during the time period that 
records and observations have been made by various authorities and private 
individuals. Zones of recharge are identified and the influence of the 
river systems on the groundwater regime is discussed. 

9.1 Present piezometric levels. 

For the piezometric contour map illustrated in figure 31 water levels were 
obtained from 32 boreholes. In most instances water levels used were 
recorded during the eighth and nineth months of 1983. In cases where data 
were not obtainable for this period earlier data were used (Appendix 7). 
Borehole KM 1 G was completed early in 1984, the data for this borehole have 
been used as no earlier data for the area near borehole KM 1 G exists. Data 
for MW 4 B were excluded from the map because of a negative anomaly. 
Evidence from both water level and pump test data (Appendix 4 and 7) in­
dicate that borehole MW 4 B was in hydrologic contact with the Elands River. 
The hydraulic continuity between the borehole and the river is probably 
related to an adjacent borehole MW 2 A whose near surface slotted casing 
formed' the conduit for river water to enter the underlying aquifer during 
pumping. This assertion was confirmed when borehole MW 2 A was later sealed 
resulting in the water ,level and quality data changing to conform with the 
understood hydrology of the area~ These later water level data were however 
not used as a reliable rest water level could not be obtained because of 
pumping in nearby boreholes. 

According to Ward (1975) it can be assumed that groundwater flow i,s in the 
direction ofhydraulic gradient, and at right angles to isopotential lines 
or piezometric surface contours. 

The completed piezometric map (Figure 31) therefore indicates that recharge 
to the main quartzite provenance located in the Elands and Swartkops River 
valleys is derived from the high lying Groendal Wilderness Area and Elands 
River Forest Reserve to the west of the study area. Higher lying areas of 
the mixed provenance however, are shown by the trend of the isopotential 
lines to derive their recharge locally from the centrally outcropping hill 



FIGURE 31 PIEZOMETRIC SURFACE CONTOURS 
(metres above sea level) 

f 

N 

Intervdl lDn 

~ Crelateous and younger sediments 

~ Bokkeveld Group 

~ Table Mountain Group 

---. Bokkeveld/Table Mountain Group Contact 

Slo'd/"U;ODt 'lj"~r 
40 _ 

IIoHt¥~llI/hblt JoI(XIIIl.I" 
(,rovp [ ont.u 

f 

o Z) 
I I I 

Ki lometres 

co 
co 



89 

of quartzites of the Table Mountain Group and local Cretaceous deposits. 

9.2 Long-term changes in groundwater levels. 

Groundwater level changes between the years 1930 and 1963 have been well 
documented in reports written by Enslin (1962) and Marais (1964). During 
this period borehole water levels declined by an average of 23,5m(77,5 feet 
Marais,1964). The reasons for the decline were given by Marais as: 

1. Continued drilling and consequential increased abstraction. 

2. Increased abstraction since storage dams constructed in 1959 
reduced the flow of the Elands River. 

Present abstraction is calculated at 2,05 x 106 m' /year 
approximately double the 1963 estimate of 0,99 x 106 m' /year 

(Append i x 6), 
(Enslin, 1963). 

Present abstraction figures may however be higher than average long term 
figures due to a severe drought during the study period and increased 
reliance by farmers on borehole water for irrigation 
of present piezometric levels and piezometric levels 
indicates a 10m drop in post 1963 water levels 

purposes. A comparison 
drawn by Enslin in 1963 
(Figure 32). Further 

evidence of a gradual decline since 1963, is the Cessation of flow from the 
five boreholes still periodically flowing in 1963. It is concluded that 
long-term levels continue to decline and that abstraction exceeds long term 
recharge to the area. 
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9.3 River recharge to the groundwater system. 

In order to test the possible recharge influence of the Elands River on the 
groundwater regime, water samples for purposes of tritium age determinat ion 
were obtained from borEhole KR 16. Borehole KR 16 was chosen because of its 
location on the banks of the Elands River and due to the certain knowledge 
that it intersects artesian aquifer lithologies . The tritium unit (T.U.) 
value obtained for this samp le was 0,2 ~ 0,2 T.U. which falls below the 
limit of detection and can therefore be taken as 0 T.U. (Verhagen, 1983). 
This indicates an effective age of greater than 60 years and indicates no 
detectable recharge to the borehole from the river. 

Further evidence to support the lack of river recharge is that: 

1. The aquifer test conducted on borehole KR 71 G, located close to the 
Elands River exhibited no boundary recharge effects (Appendix 4). 

2. Piezometric data shows no grad ient of obvious effluence or in­
fluence. 

3. Although the mudstones of the Kirkwood Formation do not achieve the 
same thickness in the Elands as in the Swartkops River valleys, the 
stopping of recharge from the Elands River to borehole MW 4 B 
rliscussed in section 9.1 indicates that the mudstones form an 
effective barrier between surface and groundwater. 

Considering the evidence it is concluded that the Elands and Swartkops 
Rivers have no direct recharqe influence on the groundwater regime within 
the study a rea. 
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Chapter 10 . Discussion and hypothesis testing. 

In order to assess the extent to which research aims have been met, each aim 
is briefly discussed in the order presented in section 1.3 . The research 
hy~otheses are discussed in sect ion 10.2 in the context of data contained 
and presented in chapters 3 to 9. 

10.1 Achievement of research aims . 

Aim 1. Which lithological unit/units form the aquifer/aquifers in the Kruis 
River area? 

Evidence from the borehole logs listed in appendix 3, indicate that the 
sandstones and conglomerates of the Kirkwood and Enon Formations constitute 
the aqui fers in the area. In areas where one aquifer lithology occurs 
without the presence of the other, the lithology may be regarded as a single 
aquifer unit. Where aquifer lithologies of the Kirkwood and Enon Formations 
occur together they may be regarded as one inhomogeneous aquifer unit with 
anisotropic hydraulic properties (Section 6.4 and 7.4). 

Aim 2. What is the lateral extent of the aquifer lithologies? 

The lateral extent of the aquifer units, has been positively determined in 
areas where the aquifers are within economic reach by drilling, up to a 
maximum depth of approximately 250m (Figures 33, 34 and 35). Information on 
the lateral extent of aquifer units in the deeper portions of the bas in has 
been limited to the determination by electrical resistivity methods of the 
approximate depth from surface to the first geoelectrically resistive 
sediments (Page 30) and the results obtained from two boreholes. On the 
southern margin of the basin borehole KR75G showed the first geoelectrically 
resisti ve sediments to be quartzites and conglomerates of the Enon Formation 
(Figure 15). In the northern and deeper portion of the basin adjacent to 
the Uitenhage Fa ult (Figure 34) borehole KM1G indicates that the first 
geoelectrically resistive sediments are sandstones of the Kirkwood Formation 
(Page 25). Because of possible features of equivalence and suppression 
discussed on page 30 identification of the geoelectrically resistive 
sediments between boreholes KR75G and KM1G were not possible on geoelectric 
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information, but evidence from drilling indicates that the first 
geoe lectrically resistive sediments are probably made up of either the 
conglomerates of the Enon Formation or sandstones of the Kirkwood Formation. 

Aim 3. What is the transmissivity and storitivity of the lithological 
unit/un its which form the aquifer/aquifers? 

The calculation of the hydraulic properties of transmissivity and storage of 
water within the aquifer litho log ies has only been reliably determined in 
the case of transmissivity (Page 49). Within the quartzi te provenance 
transmissivities were found to vary between 21 ,2m' /day and 89,3m' /day (Page 
52), with the lower values being recorded for the sandstones of the Kirkwood 
Formati on and the higher values for the conglomerates of the Enon Formation. 
Boreholes intersecting a combi nati on of aquifer lithologi es belonging to 
both format ions were found to ha ve intermedi ate transmissivit ies. Within 
the mixed provenance transmissivities were lower than for the quartzite 
provenance and varied between 2m' /day for the Enon Conglomerates and 
23,2,m' /day for the Kirkwood sandstones (Table 8). The lower values of 
transmissivity within the mixed provenance could be explained by increa sed 
Droportions of interstit ial clay material being present in the Kirkwood 
Sandstones and in the matrix material of the Enon Conglomerates (Pages 47 
and 51). 

Financial const raints on drilling and the resulting lack of suitab le 
observation holes made the accurate determination of storativity irrpossible. 
Esti ma tes of storativity, regarded as reasonably accurate approximations for 
the various thicknesses of aquifer litho logies were made (Table 7), but may 
not be interpreted in terms of aquifer characteristics as the technique used 
is independent of porosity and compressibility (Page 49). 

Aim 4. To what degree is/are the lithologies hydrau lically independent of 
one another? 

The degree of hydraulic independence between the two major aquifer 
lithologies is shown to be very small in areas where the aquifer lithologies 
overlie one another . Rather than the lithologies having independent 
hydraulic properties, the hydraulic properties undergo a gradational change 
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from one aquifer lithology to the other (Pages 49 and 52). The nature of 
the change is possibly a consequence of the gradual change in the 
sedimentalogical environment at the time of deposition resulting in the 
frequent intertongueing of the two litholog ies in the Lone of transition 
(Page 16). The aquifer lithologies are shown however to be hydraulically 
separated from over lying recent and Tertiary deposits by the relatively 
impermeable Kirkwood Mudstones which form the confining layer in the area 
(Page 90). 

Aim 5. What is the nature of the re lationship between water chemistry and 
lithological type? 

The concentration of TOS in the groundwater is shown to be strongly related 
to l ithological type (Table 10) with the ma in source of TDS coming from the 
mudstones of the Kirkwood Formation. Related influences on lithologica l 
type and groundwater quality were found to be the variab ility in source area 
for both palaeosediments and recharge (Pages 38 and 57). Varying degrees of 
groundwater modif ication in the form of base exchange and sulphate reduction 
has probably taken place within the var ious lithologies (Pages 67 and 84). 
The limiting factor on the usefulness and quality of the groundwater from 
anyone aquifer unit is however shown (Table 9) not to be dependent on any 
one ionic concentrati on, but rather to the concentration of total dissolved 
solids in the groundwater (Page 85). 

10.2 Testing of hypotheses. 

A. Identification of the aquifers 

Hypothes i s 1. The sandstone and conglomerate lithologies of the Kirkwood 
and Enon Formations form the aquifers in the area. 

Table 22 derived from data contained in the borehole logs (Appendix 3) and 
table 10, ir:dicate that t he mudstones of the Kirkwood Formation account for 
36% of the meterage drilled and 1,6% of the yield at an average TDS of 
8764mg/~. The sandstones and congloIT'erates of the Kirkwood and Enon 
Formations however, account for 64% of the drilling and 98,4% of the yield 
at a~ average TDS of 558mg/~. It is therefore concluded that the sandstone 
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and conglomerate lithologies of the Kirkwood and Enon Formations form the 
aquifers in thE area. 

The hypothesis is accepted. 

Hypothesis 2. The most eas i ly exploited port ions of the aquifers are 
located close to Pre-Cretaceous outcrop. 

TABLE 22. THE RELATIVE IMPORTANCE OF THE MUDSTONES OF THE KIRKWOOD FORMATION 
AND THE SANDSTONES AND CONGLOMERATES OF THE KIRKWOOD AND ENON FORMATIONS AS 
AQUIF ERS. 

Mudstones of the 
Kirkwood Formation 

Sandstones and 
Conglomerates of 
the Kirkwood and 
Enon Formations 

Tota l drilling moni tored 
100% 

1792m 

36% 

64% 

Tota l Yield 100% Average TDS 
(63,211/s) (mg/1) 

1 ,6% 8764 

98 ,4% 558 

Figures 33, 34 , 35 and 36 and i nformation gained during drilling and aquifer 
testing (Sections 6 .4 and 7.4), show firstly increasing depth from surface 
to the first arenaceous or rudaceous deposits as distance from Pre­
Cretaceous outcrops increase, and second, within the Swartkops River valley, 
increased proportions of f i ne materials within the aquifer units reflecting 
a changing environment of deposition with increased distance from Pre­
Cretaceous sediment source areas (F igure 7 and page 47). The above 
information together with higher piezometric levels recorded in near Pre ­
Creta~eous outc rop areas (Figure 31) indicate that thE' most easily 
exploited portions of the aquifer uni ts are those close to Pre-Cretaceous 
outcrops. 

The hypothesis is accepted. 
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B. Hydraulic properties of the aquifers. 

Hypothesis 1. There is considerable hydraulic continuity between aquifer 
lithologies of the Kirkwood and Enon Formations. 

In areas where aquifer lithologies of the Kirkwood Formation overlie the 
Enon Formation, drilling logs for boreholes KR 71 G, and MW 4 B (Appendix 3) 
indicate that no lithol ogy which might form a hydraulic barrier between the 
two formations exists. Althouqh narrow lenses of clay are found at or near 
the contact between the aquifer lithologies belonging to the two formations 
in boreholes SN 1 G and MD 20 G· (Appendix 3), they are considered to be 
narrow lenses of clay and not continuous impermeable clay bodies. The 
lenses of clay tooether with the frequent alternation in lithological type 
between sand stone and conglomerate in the case of boreholes SN 1 G and MW 4 
B reflects the environment of deposition and indicates a gradational nature 
of change for the contact between the aquifer lithologies of the Kirkwood 
and Enon Formations (Page 16). The probable nature of the formational 
change and progressive improvement in specific drawdown ratios from 
6,3m/~s-1 to 3,2m/~s-1 for borehole SN 1 G as increased proportions of 

Enon Conglomerate to Kirkwood Sandstone were intersected (Page 52), support 
the case f or hydraulic continuity between formations. 

To the north and east of Searle Hill (Boreho les KR 75 G and MD 21 G) the 
conglomerates of the Enon Formation form the only aquifer lithology (Page 
38) . In these areas hydraulic continuity with adjacent aquifer lithologies 
of the Kirkwood Formation is uncertain and may be prevented by the pinching 
out of the Enon Conglomerates by underlying basement and overlying 
impervious material . 

The hypothesis is accepted for the larger proportion of the area, where 
aquifer lithologies of the Kirkwood Formation directly overlie aquifer 
lithologies of t he Enon Formation. The hypothesis is conditionally accepted 
for the other areas where no lateral hydraulic barrier exists. 
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Hypothes i s 2. Reduced transmissivity reflects the presence of sediments 
derived from the Bokkeve ld Group in the area of mixed provenance. 

A comparison of information contained in table 8 (Page 52) of 
transmi ssivity variations of boreholes intersecting lithologies with the 
same formational classification shows that the transmissivity of borehole 
MD20G is 23,2m' /day and that of borehole KR72 73,Om' /day. As both boreholes 
intersect the Kirkwood Sandstones, borehole KR72 within the quartzite 
provenance and borehole MD20G within the mixed provenance, the 68% lower 
value of transmissivity for borehole MD20G is attributed at least in part to 
the contribution of Bckkeveld Group sediments (Pages 51 and 52). A sim i lar 
comparison of boreholes i ntersecting conglomerates of the Enon Formation 
from the two provenance areas, reveals that borehole M021G located within 
the mixed provenance has a transmissivity of 2,Om' /day while boreho le KR75G 
located within the quartz ite provenance has a 45 times higher transmissivity 
of 89,3m' /day (Pages 51 and 52). As val ues of transmissivity are shown to 
be lower for both aqu ifer lithologies in the mixed provenance where 
sediments are partial ly derived from the Bokkeveld Group of rocks, the 
hypothesis is accepted. 

The hypothes i s is accepted. 

C. Hydrochemical characteristics of the aqui fers. 

hypothes i s 1 . Better quality water i s associated with arenaceous and 
rudaceous sediments. 

Using total disso lved so lid s (TDS) as a measure of overall quality, table 10 
presented in section 8.2.1 shows that within the quartzite provenance 
groundwater abstracted from the sandstones of the Kirkwood Formation and 
cor,g lomerates of the Enon Formation yield groundwater of 367mg/l or less. 
The average TDS of the arenaceous and rudaceous aquifer lithologies is 
therefore approximate ly 4% of the average TDS of 8764mg/l attributed to the 
mudstones of the Kirkwood Formation. Within the mixed provenance average 
TDS values are 965mg/Q in the case of Enon Conglomerates and 4617mg/£ in 
the case of Ki rkwood Sandstones, 11 % and 53% of the average TDS of 
groundwater from the mudstones of the Kirkwood Formation (Table 10). It is 
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concluded that so long as the word 'better' is used to compare the quality 
of groundwaters from the arenaceous and rudaceous lithologies with the 
quality of groundwater from the argillaceous Kirkwood Mudstones within the 
same nrovenance, that the hypothesis is valid. 

The hypothesis is conditionally accepted. 

Hypothesis 2. The dominant influences on the hydrochemistry of the study 
area are the hydrological properties of the lithologies and the contribution 
of icns to the aquifer lithologies by the marine/estuarine mudstones of the 
Kirkwood Formation. 

Although hydrochemical modification of the groundwater by base exchange 
and/or sulphate reduction has resulted in changes (less than 30%) in the 
ratios of ions, it does not noticably affect the degree of mineralization of 
the groundwater (Page 84). Hydrochemical modification of the groundwater is 
therefore not considered to be a dominant influence on the degree of 
mineralisation of water from the various aquifer lithologies. 

Information from tables 8 and 10 indicate that within the quartzite 
provenance sandstones of the Kirkwood Formation have a maximum 
transmissivity of 73,Om' /day and average TDS concentration of 367mg/£, 
while conglomerates of the Enon Formation have a higher maximum 
transmissivity of 89,3m' /day and a lower average TDS concentration of 
197mg/£. A comparison of information from aquifer tests conducted on 
borehole SN1G at 109m and 257m (Tables 7 and 9), reveal a similar reduction 
in the degree of mineralization of groundwater as transmissivities increase 
with depth in response to a gradational change in aquifer type from Kirkwood 
Sandstones to Enon Conglomerate. At 109m an average TDS concentration of 
1208mg/£ and transmissivity of 21 ,2m' /day was measured, while at 257m the 
average TDS concentration declined to 393mg/£ with an increased 
transmissivity of 38,lm' /day. 

The probable contribution of evaporates within the Kirkwood Mudstones to the 
calcium and sulphate concentrations of groundwater from the aquifer 
lithologies (Pages 71 AND 77), the marine origin of the groundwater 
mineraliza-tion as indicated by the Piper Diagram plots (Page 61) and 
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calcium/magnesium ratios (Page . 77) indicate the continued influence of 
highly mineralized groundwater ·from the marine/estuarine Kirkwood Mudstones 
on the hydrochemistry of t he underlying aq uifer units . Within the mixed 
provenance the conglomerates of the Enon Formation have a TD~ concentration 
of 966mg/~ and a transmisstvity of 2,Om' /day which is 21 ,2m' /day lower than 
that of the sandstones of the Kirkwood Formation. The average TDS 
concentration of which is 4617mg/~ (Tables 8 and 10). This apparent 
anomaly is explained by a lack of groundwater within the overlying Kirkwood 
Mudstones to the east of Searle Hill (borehole MD21G) where Enon 
Conglomerates are present at depth (Appendix 3). The apparent anomaly 
further illustrates the influence that the highly mineralized groundwater 
from the marine/esturine mudstones of the Kirkwood Formation have on the 
sandstones of the Kirkwood Formation to the south of Searle Hill. 

The hypothesis is accepted. 

D. Recharge . 

Hypothesis 1. The major source of recharge to the system is from Pre­
Cretaceous and Cretaceous lithologies to the west of the study area. 

The approximately north-east to south-west orientation of piezometric 
contours in the northern and western portions of the study area (Figure 31), 
indicate that recharge to the main quartzite · provena nce is mainly derived 
from the high lying Elands River Forest Reserve and Groendal Wilderness Area 
(Page 87). Outcrop area is ma inly made up of quartzites of the Table 
Mountain Group whose primary porosities and permeabilities are extremely low 
(Page 11). Intense fracturing has resulted in the formation of secondary 
porosit ies and permeabilities within the quartzites which may form an 
important recharge conduit from high land outcrop areas to overlying 
Cretaceous sediments in the study area (Page 13). To the north-west of the 
study area, Cretaceous sandstones and conglomerates of the Kirkwood and Enon 
For~aticns outcrop and also act as a source of recharge from the west. 
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Recharge to the topographically high lying mixed provenance to the south and 

east of Searle Hill and which is separated from western recharge by the 
Elands River Valley, derives its recharge locally from quartzites of the 

Table Mountain Group outcropping to form Searle Hill (Pages 38 and 87). The 
limited topographical extent of the recharge area and low yields obtained 
from the mixed provenance (Table 22), indicate that the a~ount of recharge 

from this source is small. 

The hypothesis is accepted for the majority of the area with the exclusion 
of the high lying mixed provenance which derives its recharge locally. 
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Chapter 11. Conc I us ions. 

The principal aquifers of the Kruis River area are the Cretaceous sandstones 
and conglomerates of the Kirkwood and Enon Formations. The hydraulic 
parameters of the aquifers vary greatly according to the source of 
palaeosediments, with transmissivities and storage being reduced in areas 
where palaeosediments are partially derived from shales of the Bokkeveld 
Group to the south of the study area. Arenaceous and rudaceous lithologies 
located close to Pre-Cretaceous outcrop form the most exploited portions of 
aquifer lithologies within the study area. The high level of exploitation 
in these areas is because of good yields of high quality water obtainable 
from boreholes of reasonable depth (~200m). The development of aquifers 
within the quartzite provenance is restricted in a north-easterly direction 
by t he increased thickness of overlying Kirkwood Mudstones. 

Mudstones of the Kirkwood Formation are considered to be largely responsible 
for the mineralization of the arenaceous and rudaceous aquifer lithologies, 
although additional mineralization within the mixed provenance is 
contributed by the increased proportions of clays derived from the Bokkeveld 
Shales. Higher levels of mineralization within the mixed provenance is also 
related to reduced hydraulic activity and the limited local source of 
recharge. Hydrochemical modification of the groundwater within the various 
l i thologi es, results in changes in ionic proportions and the formation of 
hydrogen sulphide, which leads to the "bad egg" smell of some of the 
groundwater. 

Piezometric levels have declined by approximately 32m over the 71 years 
since the first boreholes were drilled. Abstraction, which has approximate­
ly doubled since 1963 because of increasingly intensive agricultural 
practices, exceeds r~charqe to the aquifer lithologies. If locally 
important market gardening is to continue to rely on groundwater 
abstraction, more careful utilization and efficient management of the 
groundwater supplies will have to take place to prevent long term dewatering 
of the aquifer lithologies. 
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N 

HIHOSADALE 

PORTION ~O 

"" , SEARLE NOT DIESEL & 20/9/82 - 0,7 20/9/02 >1, ," 
IItNcANrON ESTATES CURRENTLY' POVi:R HEAD 101)9 

PORTION J IN USE 

""J SEARLE HOU CLOSu) 1}0 

, IIINCANTON ESTATES 

PORTlON } 

"'" SEARLE IIOU CLOSEt) ". 
IItNCANTON ESTATES 

PORTION) 

"" " S£.ARLE NOT CURREHrLT IN USE ON COMPLETION 117,5 )/%82 1,,8,82) 68,677 ... 
IIIHC~TON £STATES - 1,25 11 5/62 48,670 68,8}0 

PORTION J t8/J/8) 1.08,180 69,)20 



DIN FARKtR 'S HAKE AND TESTED 'fIELD TDS ADSTRACTIOH COl.LAR GROUNO~ATER LEVEL BOR£HOU 

XUHBER ,ARM NAME VATER I)S£ PUMP T'tP& AND DATE (.g/l) QUANTITIES ELEVATION DATE OEPTH 8ELQI( HUGHT ABOVE DEPTH 

C(luel (.' /year) (HAP) COLl.A.R (.) SU-UVEL (.) 

(.) - (.) 

~!D 6 O.J. JANSEN HOT CVRREHTLr IN USE .- 18/J/8) 11,6)1 82, )69 128 

KAHOSADAL£ S/'}/e.) 11, )25 82,675 

POA.TlON 22 Of' 

PORTION ,. 

~Ill 7 P.II. SCHAIJTZ DOKESTIC lHNOPVHP HOT 2.2/6/8) - 15)4 NOT 117 7/6/8) 57.,}40 59,060 "' 
HAHOSA{lAU: RELEVANT RELEVANt 19/10/8) 6),000 54,000 

PORTION JJ OF 5/9/8) 5'},58 57.420 
N 

PORTIOli fro W 

~ID 200 SEARLE RLS&ARCH 112 22/10/82 )7,5 710,500 157 

HAHQSAOALE 5/'}/8) )7.710 7'-,290 

DIV. G&OIrYOROLOGY 

:ill 21G XEIAING R£SUReH 7/6/8) - o,JI,r, . 7/6/8) - '155 110 7/6/8) 52,1';0 57.850 "7 

KAHOSADAL£ to '18) 5/')/8) 51,265 58,715 

ROOIHOOGTE VARIATION 

DIY. GEOHTDROLOGY WlTlt PUMP ING 

"" 1 
SU,RLE IIOL£ CLOSED 15'-,8 

'ilINCAHT'ON ESTAtES 

PORTION J 

""2 SEARLE 1I0LE CLOSED 11,8,2 

'ilIHCAHtOH ESTATES 

PORTIOH J 



V/II f'AIU1£n'S NMlE AND TESTt.D YIELD TOS ABSTRACTION COLLAR GROUND~ATER LLVEL BOREHOL& 

NUHUEII rARM NAUE \lATER USE PUHP TYPE AND OATE (.O/() QUANTITI ES ELEVATION DATE DEPTti 8£LO\I HEIGHT ABOY!: ''''T>< 
(l/ .. c) (.' /y .. r) (HAP) COLLAR (.) SU.LEV[L (.) 

(.) (.) 

11'.' ::!A SEARLE 1I0LE CLOSED " )/2/82 7.7100 60,260 t) : 

VINCANTON EStATtS 

PORtION) 

~I~ ) SEARLE HOLE CLOSED '" 
WINCANtON [StAtES 

PORtION ) 

~llr' )A SEARLE tOOLS StUCK U' 1t0LE " 15/2/8) 
N 

27,671 )9,)29 '" -I'> 

WltlCANTON ESTATtS 

PORtION ) 

"' , A.r. GERDER HOLE CLOSED '0' 

PORTION ,.) 

"V 100 A.f'. GEROER IRRIGATIOH TURBINE 8/)/8) '.' 7/)/8) 1.55" 8/)/8) " )/2/8) )0,450 )6.550 ," 
PORTION) 5/9/8) 10,7 5/9/8) '90 105967 

5/9/8) 

'J7I.)S 

"' , SEA RLE HOLE CLOSED '" 
VINCAHTOH ESTAttS 

PORTION) 

"' , A. F'ROST DOMESTIC POVER tlEAD 28/9/82 - 0, S 10/5/82 ,,, 28/9/82 " 170 

[COOALE .. STOCK 9/)/8) ,,' ) 285 



BIH FARMER'S NAME & WATER USE PUMP TYPE TESTEO YIELO TOS ABSTRACTION COLLAR GROUNDWA TER LEVEL BOREHOLE 

NO. FARM NAME & DATE It/SEC) QUANTITI ES ELEVATION DATE DEPTH BELOW HE I GHT ABOVE OEPTH 
IM'/YEAR) lMAP) COLLAR 1m) SEA-LEVEL 1m) 1m) 

MW 7 A. FROST OBSERVA- 78 11/5/82 8,901 69,099 182.9 
ECODALE TION 19/8/83 7,780 70,220 
OIV. GEOHYOROL- POINT 
OGY 

MW 6 A. FROST liGHT POWER HEAD 28/9/82 - 0,4 11/5/62 26/9/82 89 5/9/83 20,780 66 ,220 369 
ECODALE INOUSTRY - 3604 - 3154 

to 416 
CHANGE OUE 
TO PUMPING 
5/9/83 - 313 

MW 9 SEARLE 06SERVATION RECORDS CONSIDERED UNRELIABLE - DUE TO 82 19/8/83 25,080 56 ,920 UNKNOWN 
PROXIMITY WITH COW SHEDS COLLAPSED 

AT ,28m 

MW 20G A. FROST RESEARCH SEE PAGES 84,S 5/9/83 93,64 -9,140 107 
MIMOSADALE WEST ONLY 
DI V. GEOHYDROL-
OGY PORTiON N 
ECODALE on 

SN IG PRETORIUS RESEARCH 14/3/63 - 11.4 15/3/83 NONE 103 14/3/63 40,105 62,895 257 
SPR I NGF I ELD RECOROER - 183 to 30/8/83 36 ,840 66,160 
DIV . GEO- 880 VARIA-
HYDROLOGY TION WITH 

PUMPING 

KM 1 UITENHAGE RESEARCH 13/3/84 - 0,04 13/3/84 
MUNICIPAliTY - 7722 NONE 83,3 13/3/84 34,95 48 ,35 451 
KAMAEHE5 
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APPENDIX 2 
RESISTIVITY LOGS 



TITLE : TIESI 
EARTH MOOEL 

LAYER THICKNESS 
1.6 

9.6 
9.45 

38.1 

60 

++++ : THEORETICAL CURVE 
line: FIELO CURVE 
TOTAL S : 1.7420942029 

TITLE : TI Es2 
EARTH HOOEL 

LAYER THICKNESS 
1.3 

10.7 
15.49 
50 

++++ : THEORETICAL CURVE 
line: FIELO CURVE 
TOTAL S : 2.64803258146 

TITLE : TIEs3 
EARTH MOOEL 

RESISTIVITY 
138 

60 
15 

200 
80 

697 

RESISTIVITY 
190 
60 

7 
200 
697 

LAYER THICKNESS 
I. 75 

RESISTIVITY 
600 

6.48 

35.64 
91 

++++ ' THEORETICAL CURVE 
line, FIELD CURVE 
TOTAL S ' 2.40491666667 
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11 TLE ' Tl ES4 
EARTli MeDEL 

LAYER TliICKNESS 
.957 

4.7 
13.8 

3D 

RESISTIVITY 
57 
20 

6 

200 
700 

++++ ' THEORETICAL CURVE 
line, fIELD CURVE 
TOTAL S ' 2.70178947368 

11 TLE ' T2ES 1 
EARTH MODEL 

LAYER TH ICKNESS 
2.3 

23.5 

RESISTIVITy 
328.5 

4.3 
697 

++++ ' THEORETICAL CURVE 
line, fIELD CURVE 
TOTAL S = 5.47211780114 

TITLE ' T2ES2 
EARTli MODEL 

LAYER THICKNESS 
2 

17 .6S 
18.24 
20.08 

++++ , THEORET ICAL CURVE 
line = f IELD CURVE 
TOTAL S , 9.89683S97B83 

RESISTIVITY 
27 

7 

30 
3 

700 
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TITLE ' T2ESl 
EARTH MOOiL 

LAYER THICKNESS 
1.168 

2.784 
2.884 

115 

++++ , THEORETICAL CURVE 
line, f lELO CURVE 
TOTAL S ' 14.511 9777 778 

TITLE ' T2ES4 
EARTH MOOEL 

LAYER THICKNESS 
.8 

9. 12 
Il.36 
49.6 

124.8 

++++ , THEORETICAL CURVE 
line, flELO CURVE 
TOTAL S ' 22 .8651428571 

TITLE ' T2 £55 
EARTH MOOEL 

LAYER THICKNESS 
1.l4 

l.589 
8.4 

165.1 

++++ ' THEORETICAL CURVE 
line, fiELD CURVE 
TOTAL S • 19.50l 4206335 

RESiSTIVITY 
90 
29 

103 
8 

700 

RESISTIVITY 
100 

9.5 
3.5 

20 
8 

700 

RESISTIVITY 
250 
85 

260 
8.5 

700 
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TI TLE • T3ES 1 
EARTH MOOEL 

LAYER TH ICKN,SS 
4.5 

108.2 
162.9 

RESISTIVITY 
1300 

12.5 
11. 5 

700 
++++ • THEORETICAL CURVE 
line. FIELD CURVE 
TOTAL S • 22.8246789298 

TI TLE • T3E52 
EARTH MCDEL 

LAYER THICKNESS 
.B2 

3.2 
425 

RESISTIVITY 
85 

170 , 
700 

++++ • THEORETICAL CURVE 
line. fiELD CURVE 
TOTAL S • 425.028470588 

TITLE • T3ES3 
EARTH MOOEL 

LAYER. THICKNESS 
2.1 
5.5 

10.18 
13.3 
21.8 

204 

++++ < THEORETICAL CURV E 
line. FIE LD CURVE 
TOTAL S . 29. 9853113553 

RES ISTI V ITY 
780 
30 

7 

20 
10 
8 

700 

130 

... 
-"-, . 

~, 

~71 ~1 

ah til Il'l 

;:1 

11 
I::::;:' 

",," 

",~~, 

'\ 

ohll'l .rn 

I, " 

I, c;;> 

I'In" 

11 '" n 
~\ 

\ 
ohll'l .1l'l 

11 n 

11 
c;;> 

: 

\. 
\ 

" 
't 

\ '. 
\~ ---' 
~ ...7' ......... _::to-- . 

N 

" 0 
.:u I::::. 

\t , 

'\ 
\ 

\ 

\N 
~ 

(SJ 
.' 

<::) ~_/ 

~~ - y/ 
N 

" 0 

~ c;;> 



TITLE " T4ESI 
EARTH MODEL 

LAYER THICKNESS 
2.2 

36.6 

++++ " THEORETICAL CURVE 
line" FIELD CURV E 
TOTAL S ". 14.6749206349 

TITLE " T4ES2A 
EARTH MODEL 

LAYER THICKNESS 
2.3 

10.8 
28.6 

++++ " THEORETICAL CURVE 
line" FIELD CURVE 
TOTAL S " 6.22090909091 

TITLE " T4ES2B 
EARTH MOCEL 

RESISTIVITY 
63 
2.5 

700 

RESISTIVITY 
110 

3 

11 
700 

LAYER THICKNESS 
1.3 

RESISTIVITY 
40 

8.82 
34.4 

++++ " THEORETICAL CURVE 
line" FIELD CURVE 
TOTAL S " 7.4825 

2.8 
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TITlE • T4ES3 
EARm HODEL 

LAYER mlCKNESS 
.4 

60 

RESISTIVITY 
60 
8 

700 
++++ • THEORETICAL CURVE 
line. fiELD CURVE 
TOTAL S • 7.50666666667 

TITLE • T4ES4 
EARTH MODEL 

LAYER mlCKN ESS 
1.7 

3 

14.4 

108 

++++ • mEORETICAL CURVE 
line. fiELD CURVE 
TOTAL 5 • 5.62833333333 

TI TLE • T5ESA 

RESISTIVITY 
60 
15 

8 

30 
185 

EARm MODEL 
LAYER THICKNESS RESISTIVITY 

.55 

17.1 

27.8 
34 

++++ • THEORETICAL CURVE 
line. fiELD CURVE 
TOTAL S • 30.0519642857 
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1.8 

4 
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TITLE ' T5ES 1 
EARTH MODEL 

LAYER TH ICKNESS 
1.1 

13.6 
22.4 
83.73 

RES I STI V I TV 

30 
2 

10 
6 

1000 
++++ , THEORETICAL CURVE 
line, FIELD CURVE 
TOTAL 5 ' 23.0316666667 

TITLE ' T5ES2 
EARTH MODEL 

LAYER THICKNESS 
1.8 

2.134 
54 
93.3 

118 

++++ , THEORETICAL CURVE 
line = FIELD CURVE 
TOTAL S ' 27.6703546798 

RESISTIVITY 
29 
11 
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14 
8 

700 
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APPENDIX 3 
BOREHO LE LOGS 



BOREHOLE NO: '" I. 

DRILL: CABl(·TOOl (PERCUS S IO H) 

LITHOLOGICAL 

LOG 

135 

LOCATION: KRUIS RIVER 

3l-U ' n-s 
25-,,'50"E 

HYDROLOGY BOREHOLE STRATAGRAPHIC 

LOG 
YI Id Q lit 

CONSTRUCTION e ua y 
DEPTH 59110 l 15211/1 

lis 111111 (Metre5) __________________________________ -i __________________ -r ________ -i __ ~P~I~.~I~'_5~t~.~.~l ______ +_-----------------------
o 

20 

40 

60 

80 

100 

120 

~40 

150 

180 

200 

220 

240 

250 

280 

300 

320 

..... 

Clay r lcn Drown 5011 

drlght colvured lIudstones 

Fine grained pink/whIte 
undHon e with small len~e5 
of red/wh i te cIa,. 

Fi ne grained vh lt e sandstone 
No lenses of clay 

Conglomerne: small wel l 
rounded pebbl es of QuartzIte 
In a red/wnlte sandstone 
matril. Pebbles become lIore 
Clom! nant. I a rger and mor t 
an guJ.H towards the bottom 

Red/white Qua rtz ites 

3,48 Us 
giving 12,5" 
of dr.wdown 
.fter 245 IlIlns 

13,0 tis 
9 J v I n9 
53. 180111 
of drawdown 
afttr 900 /lln s 

'" 501 
47' .. , 
41' 
'" 562 

'" JB' 
36. 
41' 
36 ' 
31. 
.42 

'52 
351 
36' 
36' 
'51 
36' 
"2 
'31 
192 

40' 
." 

0' ." 
42' 
lb3 
402 

'OJ 

SS_ I( I rtwood 
Formation 

fnon Forllllotlon 

Table r40untaln 

Group 
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BOREHOLE NO: "" LOCATION: KRUIS RIVER 
33°'ti '1 5·5 

DRILL: (AB tE · TOOl P[o:I CUSSIOH 

LITHOLOGICAL HYDROLOGY BOREHOLE 

LOG CONSTRUCTION 
DEPTH YI.ld Quality 53111 l 165 ... Steel 

lis MIll '7 

STRATAGRAPHIC 

LOG 

(Metres) ______________________ -------------+-------------------r---------+--~'O~O~.~.~I ~.-.~P~.~v~.~c~.t_-----------------------

o 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

aro"n 5011 (+I~) underl a in 
by sand and we II round ed 

;':.:i.';', peob 1 es 
Red/grey c1.y with small 
lenst's of qr.vels 
Puti.lly conso l id a ted sa nds. 

..... . . clays .nO gravels 
-_-_- } Alternating fine gral neu 
- -_ ' wl'llte sandstones and r('o/ 
.. .. . . . grey mudstones 

.... 

....... 

... 

- -

.. .. 

.. ..... .. 

.... 
.~: ,:: I' . 

Altern ati ng l ay ers of ,,' '"' "n : tt sandstone >1 1th occas i onal 
SlIIa I I Jrnses of pebb l es 
,,' clay 

Mi gn Jy fer r lg~nous brown 
sandston! 

Alternatln~ Jayers of 
red and wh i te sandstone 
JtCO lIl llg .ore competent 
,nd lndurated to~a r05 

t il e b,se. 

Co nglomerate of s iull quartzit i c 
pebDies In a mat r ix of sandstone 
all" c! al 
Well consolidated r ed sandstone 
wl tn narrow peoo l e -waslles 
ReO qUHl% I te 12, 93 

Ora~ Oow n 33, OU 
after tUO 11111'15 
PU llped prior to 
insertion of 
P. Y. C. 

536 
m 

IS. 
'09 
' 0) 
38:' 

." 
l77 

'74 
39' 

'" 
50~ 

S: 9 

." 
771 
77< 

"" '01 
39. 
'01 

I( i rlr.wood 
Forma t I on 

Table Mountain 
~ roup 
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BOREHOLE NO: (It 15 G 

DRILL: CAS U-TOOL PEItC US SIO N 

HYDROLOGY LITHOLOGICAL 

lOG 
DEPTH YIeld Quality 

LOCATION: KRUIS RIVER 
J)-H'IS"S 

23-21' 20-[ 

BOREHOLE 

CONSTRUCTION 

91111 l 1S0mlll 

STRATAGRAPHIC 

lOG 

lis "., II 
(Metres) ______________________________ ~--------------~--------~--------------_t------------------__ 

o 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

240 

260 

280 

300 

320 

::;..:= 
==~ 
x: 
==t£ x= 
---=ot:: ==£ 
:so:: 
---
: ~.:-<,< 

' 0 ' 

0_-_ 
=£ 
' ''0_-_ c;:,': 

!..::-~ 
~?~ 
: 0'·";"':' 

b;f.~ 
'~:p.:: 

~;;': .• ::{/:: .. , .. ... 

Reel C) 6Y with bouldtrs 6no 
graHI 

l ig ht to dark grey mud~ton e 

wlth <S1 well round ea pebbles 
6na grne l 

Clean gilBY IlgM grey 
Quartz ite 

Conglomerate. M~tri~ 

progress i vely Changing 
fr om reel Clay at top to 
pink/white sandstone at 
baH 

do ~lde r density increases 
tOIt~rus -:.ne base. 

Quartzite 

Seep~gfS 
<0,005 Lis 

, 1 ,I< 

, .3 lis 

1,761/5 
10,4 lIS pUllipeofo r 
12 II rs t 

16 6' 0 
16 12] 
" SB9 4 517 

'" 818 

". 
'" 3 365 , 83. 

62' 
66' ." , 
'" , ". 
891 

'" 108 

!'laln Stole] 
Casing 

Recent DepOSits 

Klrkwcod 
F 0 rm6 t i on 

£non For tl ation 

Table MQuntain Group 



BOREHOLE NO: "" 

DRIll: AlA !lOURY PERCUSSION TO 110,., 
tvlLOWE~ ~T CABLE TOOL 
PERCUSS IO N 

LITHOLOGICAL 

LOG 

138 

LOCATION: KRUIS RIVER 

33°._ '59-S 

ZS · lS')trE 

HYDROLOGY BOREHOLE STRAT AGRAPHIC 

LOG YIeld Quality CONSTRUCTION 
DEPTH ZSS,ft,xl'l71111 p_~.c. 

II! IICIII CWetres> ____________________________________ e-________________ -r __________ e-'_'_O_'_'_'_5_"' __ 5_'_'_'_' ____ +-______________________ _ 

o 
--

20 

---40 

...... 
60 

....... 
80 ---

~ :".'. 
". 0." 

100 ' . ~.'~ 

?: ~ '," 

120 ,.," ,-, 
.. ~::~~~:. 

140 

..... 
160 ... 

---
180 

0 ,-
. b 0 C 
-o-~-

200 0 • • '""i:!-,,-, • 0 

-"-b-
220 ., •. ~. ; 

...... 
240 ...... 

:~:,; .. :. 
:: ~':.;. 

260 
:'::-:. 

280 

300 

320 

llg"t brown Siltstone 

Gr~y/reo la lldstone 

l ; gil t gfey 5 i 1 ty sandstone 
.. ! ... n narroll 1 '!ns es of co, 
c I a y 

'" c J ay 

Greyf ... n i te f in e gTa i ned 
san6stone 

Na fro ... lenses of clay '"' s~ ndstone 

Cong lo merate 'oIitl'l YHying 
(agree s of ",1'1 j te undstone 
ma t r! x 

Grey/white fine grained 
sa nd stone with occ.Bion~J 
p':bb I e washes 

Ntrrow lerlses of clay arid 
sarlOHone 
Grey/white fi ne graineo 
san:lstone with narro ... I+lm) 
pebb le beds. -
Ha rrow l enses of c J ay '" sandstone 
e I ay , 

N" rrow l ense s of clay '"' sanOSlo.le 

Red conglomerate with narrow 
JenSf S of c l ay and a slit/ 
cjay lJiatrix • 

Grey/wh i te sanostone with 
narrow pebble washes near 
t he top, 

IIhitt Quartzite. 

HO 'Jate r 

first water 
:. 0.006 tIs 

0,66 tis 

],3 tIS 

4.64 lis result· 
l ng in 29,51f1 of 
drawdown. Pump 
at \15m. 
Hole cased to 
(lllm. 

Hole pumped at 
1 1 ,4\ lis for 
4bllrs 
Drawdown:43,353m 
PUlllp at 100m 
Hole ctHed \006111 
Water Quality 
/I"pro~ed frolll 
7i3.5mgll to 
l!i~m9/l 

(Hole pumped 
pnor to Insert· 
ion of'p.Le.l 

26 DOO 
25 17 2 

535 

073 
04& 

2 354 

'" 582 

," 
652 

' 27U 

202 

". 
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BOREHOLE NO: '"" 

DRILL: CABlE-IOOl PERC USSION 

LITHOLOGICAL HYDROLOGY 
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APPENDIX 4 
AQUIFER TEST ANALYSES 
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APPENDIX 5 A 
HYDROCHEMICAL ANALYSES FROM THE HYDROCENSUS 
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K SOl, 

'I,D 5 

J,9 1'. 

) ,I, ,0 

1,5 1'. 

1,9 21 

2,7 5 

1,8 25 

l ,G 26 

1,6 18 

1,7 26 

1 , f. 18 

" 1 
20 

J,l 2) 

9,6 167 

1,,9 271 

1,9 1),5 

1,6 17 

1,6 '. 
1,0 16 

1,9 ,0 195 

p 

0,009 

0,0 26 

0,005 

0,007 

0,001 

0,007 

0,006 

0,00) 

0,006 

0,000 

0,00) 

0,00) 

0,00) 

0,00) 

0,005 

0,002 

0,000 

0,016 

v , 005 

0,015 

REHARKS 

0"> 
t.n 



II/II NU~IUEn DATE pll TDS TAL NII4 

"'H )8 ~7.2.82 ',9 820 6,5 0,0) 

KH 1,5 22 .8.8) 7,2 914 29J 

KJt 1,7 22.2 .82 6,J 27J 22 0,02 

KR 1.8A :32.2.82 5,6 275 11 0,0) 

KR I,,) 22.2 .82 6,8 62J JJ 0, OJ 

8.J.OJ 6,0 171 14 0,05 

KH 50 27.2.82 6,. 202 24 0,0) 

8.J.OJ G,7 127 22 0,04 

Kil 52 27.2.82 5,8 250 11 0,0) 

').6.82 7,) 56J 5) 0,05 

KH 5~A 25.1.8) 7,. J884 87 0,11 

8.).8) 7,2 159 Jl 0,06 

KJt SJA 22 .2 .82 4,7 476 9 0,0) 

10 .6.82 7,9 10872 116 0,01. 

8.).0) 5,7 21 1, 14 0, 05 

1m 5', 22 .2. 82 7,7 2951 297 0,02 

10 .6.82 7,1 lJ5 22 0,2 

KJI 55 22.6.8) 5,8 25 1 J7 

KH 57 22.8.8) 7, 1 20 7 7J 

"'II Go :3) .2.82 6,0 202 lJ 0,0) 

CHEMICAL ANALYSES OF 11011.(1101.£ WATERS (MG/L) FROM UOREIIOLE SURVEY 

Ca 

18 

15 

6 

6 

16 

2 

5 

1 

5 

lJ 

227 

12 

7 

270 

) 

76,s 

2 

1 

I. 

5 

C l 

)6 iJ 

J65 

llJ 

llJ 

268 

78 

00 

41• 

107 

198 

2146 

54 

20J 

6166 

100 

1067 

1.9 

lilO 

11,) 

1)5,5 

NO] Na 

0,0') 185 

180 

0,06 6J 

0,22 61 

0,10 lJJ 

0 ,06 42 

0,0 /, 47 

0,)7 Jl 

0,05 57,S 

0,91 129 

0,75 1066 

0,06 )1 

0,06 11 2 

0,05 )201• 

0 , 0) 61, 

1 ) , 2(' 651 

0,11 J O 

62 

55 

0,05 46 

"0 F Si K 50
4 

p 

Jl 0,08 I" ) 2, J 72 0,001 

J) 28,0 

8 0,1 J,7 2,0 12,5 0,001 

9 0,4 4,2 1,75 22 0,006 

26 0,7 1,6 J,O J7 0,006 

7 0,/1 4,0 2,5 17 0,012 

5 ,5 O,J J,9 J , O 9 0,001 

J 0,4 4,1 1,5 lJ 0,009 

7 0,1 4,) 1,8 '5 0,002 

20 -0, 1 2,8 2 , 2 J8 0,000 

116 o,t, 1,9 28 ,0 168 0,005 

4 0,4 J,9 0,9 ,4 0,011 

16 0,1 2,8 1,5 J9 0,00 ) 

4 29 0,4 0,)5 107,7 4)6 0,069 

7 0, 1 4,0 1,1 ,8 0,00 1, 

1 28 1,1 11,1 J,6 )59,5 0,002 

J O, J 2,8 0,9 1 0 , 011 

I. 2 , 0 

9 J,O 

G 0,0 4,1 I,J 16 0,000 

REHARKS 

TAKEN AT START OF PUHl'lNG 

a> 
a> 



CHEMICAL ANALYSES OF DOREtlOLE 'WATERS (HGjI.) FROM nOREtlOLE SURVEY 

ujl! NUl-mER DATE pll TDS TAL I'W" c. C1 NO
J 

N. "0 ,. Si K 50
ft 

p RE~lARKS 

1\11 G 1 27.2.02 6,1 JJ9 15 0, oJ 5 lJ5 0,06 OJ ° 0,09 2,2 1,5 J2 0,00) 

9.).0) '.,0 )46 5 0,05 I. 157 1,18 100 10 0,6 '.,2 2 ,J 1, 7 0,008 

KJI 6) 27.2.82 6,) 250 17 0 , 0) 6 107 0,05 58 7 0,07 4,5 2,1 15,5 0,000 

KH 66 27.2.82 7,1 )06 " 0,0) 7 116 0,0 /1 7J 9 0,1 I., 1 2,9 2) 0,000 

LII 1 ).11.82 6,2 541 5 o,oJ 17 J26 0,00 11.8 2) 0,4 ),) 0, ° 17 0 ,010 

HD 7 22.8.8) 6,1 15)4 1)11 7 9)9 1.00 I, ) 11,0 

'" HW' I,D 7.) .8J 7,J 155 /, 142 o ,ota 10 612 11,/.'J 461 50 0,) 2,9 14,5 179 0,010 " 

HII 6 4.5·82 6,8 410 1) 0,0'. 8 154 0,07 87 12 0,06 ),4 1,) 25 0,002 

9.) .8) 6,9 294 17 0,05 5 14'. 0,0.1 90 9 0,1 4,0 1,1 20 0,006 

HW' 8 11.5.82 7,8 J60'. 150 0,05 662 1586 0,11 010 159 0,15 1,2 77.,9 1815 0,001 TA~N AT START OF PUMPING 

V ·5 . 82 7,) 416 25,S 0,02 6 169 a, J 1 96 11 0,2 5,55 4,6 22 0,012 
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APPENDIX 5 B 
HYDROCHEMICAL ANALYSES DURING DRILLING 



DIll NUI-WER 

KH 71G 

DEPTH (M) 

f" 

f" 

Sf, 

56 

62 

67 

70 

71 

7) 

75 

78 

6) 

85 

86 

92 

99 

105 

110 

116 

12) 

127 

1)2 

1)7 

1 /.2 

"7 

152 

157 

162 

pH 

6,8 

7,1 

7,1 

6,9 

6,6 

6, I, 

6,9 

7,1 

6,9 

6,9 

6,8 

6,9 

6,9 

6,7 

7,1 

6,7 

6,8 

5,9 

6,7 

6, /. 

6" 

6" 

6, , 

7,2 

6,9 

6" 

5,9 

6,5 

T05 

550 

1.9) 

',67 

1,/.2 

lilO 

)8) 

1126 

55
'
, 

)56 

1114 

)65 

)77 

)56 

)58 

,02 

)59 

)69 

')5 

)/.7 

)51 

)58 

)58 

)/.6 

)58 

)56 

)26 

189 

,01 

TAL 

)6 

50 

" 
)6 

20 

10 

42,5 

71 

20 

"6 

2f, 

2) 

28 

)0 

77 

)6 

)7 

)) 

)0 

29 

20 

)8 

,f, 

_6 
)0 

1) 

5-

CHEMICAL ANAL YS ES OF OOREHOLE VATERS (MG/L) DUnING DRILLING 

Nllq 

0,05 

0,01, 

0 , 05 

0,05 

0,06 

0, a', 

0,0 /, 

0,0 /~ 

0,02 

0,04 

0,05 

0,06 

0,04 

0,05 

0,04 

0,04 

0,01, 

O,O!" 

0,01,. 

0,02 

0,0) 

0,06 

0,0) 

0,0) 

0,07 

0,0) 

0,0 /, 

0,0) 

C. 

9 

10 

9 

9 

6,5 

. 6,5 

18 

11 

2 

19 

6 

6 

7 

9 

26 

9 

8 

9,5 

8 

8 

6 

9 

9 

7 

11 

7 

5 

9 

Cl NO) 

222 0, ai, 

190,5 0,01 

176 0,80 

172,5 0,01'5 

1"7 0,52 

1',2,5 0,07 

1.',6,5 0,12 

21j 0,04 

1'1~ O,oG 

1. 5 ) 0 , 01 

1 ~') 0,07 

1)) 0,07 

125 0,06 

1)2 0,00 

1) 1 0,01 

1)1 0,01 

1)7 0,02 

17) 0,12 

129 0,10 

1)0 0,0) 

1 2) 0,05 

121 0,11 

116 0,05 

127 0 ,1 ', 

116 0,11 

116 0,0) 

69 0,08 

1 \ 1 0,05 

N. 

1
'
,2 

122 

117 

111 

9) 

66 

270 

tit 4 

9) 

266 

79 

65 

79 

79 

79 

80 

82 

95 

76 

8) 

8) 

62 

80 

82 

82 

79 

f,O 

99 

Mg 

7 

9 

9 

6 

7 

6 

)5 

9 

8 

)6 

7 

7 

7 

7,5 

10 

7. 

8 

'5 

7,5 

8 

8 

8 

6 

8 

8 

6 

5 

9 

F 5i 

0,6 ),1 

0,) ',7 

0,1 ),) 

0,2 2,7 

0,1 ),1, 

0,1 ),2 

0,5 ),5 

0,_ ),6 

0,2 I., J 

0, ) ),1, 

q,l _,I 

0,1 ),9 

0,2 ),5 

0,1 ),8 

0,' ),) 

0,2 -,) 

0,) 4,'t 

0, , 4,65 

0,25 1,,0 

O,Ol. -,) 

0 , 15 1,,2 

0,_ 1,.,1, 

0,2 5,0 

0,2 ),5 

0,) -,5 

0,1 ),6 

0,0) 5,05 

0 , ) _,0 

K 

10,0 

7,) 

5,5 

6,8 

6,6 

6,) 

5,0 

5,9 

6,5 

',9 

5,) 

6,) 

',1 

',9 

5,15 

5,5 

5,) 

1,9 

',0 

It ,2 

", 
") 

,,8 

',) 

") 

),9 

1 , 1 

_,8 

SO, 

25 .. 
25 

27 

) 1 

28 

115 

2) 

27 

," 
24 

26 

2, 
2),5 

26 

22 

25 

)9 

25 

25 

2.7.5 

)7,5 

19 

2) 

20 

15,5 

9 

17 

p 

0,029 

0,01) 

0,008 

0,027 

0,015 

0,021 

0,006 

0,005 

0,007 

0,002 

0,026 

0,042 

0,028 

0,014 

0,006 

0,000 

0,008 

0,017 

0,009 

0,011 

0,010 

0,02t" 

0,01) 

0,001) 

0,0)5 

0,010 

0,028 

0,009 

0"> 

'" 



U/Il NUI-IU1:H DEPTH (H) pll 

KII 71G 167 7,/1 

CONTINUED 172 6,7 

177 6,6 

182 6,7 

187 7,; 

192 7,2 

197 6,5 

KH 72 60 7,; 

65 7,3 

80 7,0 

85 7,0 

90 6,5 

95 6,9 

100 7,1 

- 105 6,6 

130 7,0 

135 7,0 

1/10 7,5 

150 7,2 

155 7,2 

160 7,; 

165 6,8 

170 7,2 

185 7,2 

190 7,2 

19 5 7,3 

200 7,; 

TDS 

'Ill 

;20 

"/17 

;13 

377 

396 

)87 

1512 

1516 

1178 

1190 

)97 

)77 

;10 

)71 

)69 

)86 

1229 

1 /.62 

14.96 

1/,74 

17;) 

17 /17 

1;57 

1319 

1)75 

12B1 

TAL 

50 

55 

58 

51 

;6 

;6 

;0 

51 

;6 

57 

52 

28 

19 

28 

)0 

2) 

)6 

69 

58 

63 

6. 
67 

68 

50 

51 

-'18,5 

5', 

CIIEMICAL ANALYSES Of,' DOflEIiOLE W'AT£flS (~IG/I.) 

NIIII 

0,02 

0,02 

0,085 

0,0)5 

0,02 

0,02 

0,03 

0,0) 

0,04 

0,05 

0,1 1• 

0,04 

0 , 0) 

0,04 

0,04 

0,04 

0,04 

0,04 

0,0) 

0,01, 

0,01• 

0,0)5 

0,40 

0,04 

0,0'1 

0,0) 

0,04 

c. 

7 

9 

11 

9 

9 

7 

9 

2) 

22 ,2 

lB,5 

IB,5 

7 

6 

7 

7 

6 

10 

16 

16 

18 

18 

19,5 

20 

17 

17 

2) 

18 

Cl 

152. 

152 

160,5 

1.9 

1)0 

1/17 

1)7 

6)6 

G28 

'7' 
.69 

154,5 

1/17,5 

152 

1/17 

1)5 

135 

;70 

6,; 

61'1 

592 

GIn 

699 

Gill 

578 

571 

529 

N0
3 

n ,o15 

0 ,05 

0,05 

0,05 

0,0)5 

0,1 11 

0 , 05 

0,06 

0,06 

0 ,02 

0,02 

0,02 

0,0) 

0,0" 

0,00 

0, 01,5 

0,05 

0,05 

0,0'1 

0, II. 

",02 

0,05 

0 , 00 

0,025 

0,055 

0,04. 

0,06 

N. 

103 

110 

112 

10) 

86 

92 

9. 

312 

38. 

290,5 

292 

87 

82 

92 

8', 

78 

79 

299 

)75 

)07 

)72 

1,1,1, 

t.l,G 

)6; 

JJO 

JJ9 

)26 

Hg 

8 

8 

10 

o 

7 

8 

7,5 

49,S 

50 

)7,5 

)9 

11,5 

12 

'" 
12 

11 

12 

'" 
51 

53 

52 

59 

59 

50 

;7 

',6 

',5 

DUllING DRILLING 

F 5i K 

0,3 5,6 5,0 

0,2 4.,25 ',7 

0,3 .,9 5,3 

0,1 3,7 .,8 

0,3 6,9 5,6 

0,3 5,) 5,) 

0,1 5,1 ',7 

0,5 ),0 6,9 

0,5 2,6 6,) 

0,1. 2,9 .,8 

0,5 ),1 ',7 

0 , 2 .,6 5,) 

0,2 ) ',8 ;,9 

0,2 3,75 3,15 

0,2 ;,2 2,7 

0,1 ),7 2,6 

0,1 3,9 2,5 

0,2 ),2 ),6 

0,3 5,) 7,' 

0,. 5,5 7,1 

0,) 5,) 7,2 

0,/1 5 5,1 6,7 

0,. 5,1 7,0 

0,1, ") 5,1 

0,5 5,0 6,8 

a,'. 5,. 7,5 

0,6 )" ),6 

SO. 

2),5 

18 

20 

,6 

'9 

'9 

20 

170 

·'76 

12) 

12) 

3) . 

)' 

)) 

)0 

26 

25 

126 

172 

1)8 

171 

181 

17'5.5 

166 

155 

157 

1), 

p 

0,012 

0,007 

0,008 

0,010 

0,012 

0,012 

0,010 

0,000 

0,018 

0,010 

0,054 

0,00) 

0,004. 

0,015 

0,005 

0,007 

0,007 

0,006 

0,006 

0,016 

0,009 

0,026 

0,021 

0,019 

0,010 

0,007 

0,04) 

" a 



II/II NUNlll:::1l 

Kn 7)G 

I\H 1G 

DEPTH (M) 

29 

y. 

36 

1,0 

88 

93 

98 

105 

110 

115 

120 

125 

130 

1)5 

,,0 
"5 

150 

155 

15 

55 

60 

65 

70 

80 

85 

100 

"5 

pll 

7,5 

7,5 

8,0 

8,1 

7,9 

8,0 

8,2 

8,2 

8,0 

8,0 

7,9 

8,0 

7,9 

8,0 

7,8 

7,9 

7,8 

7,9 

7,6 

7,5 

7,/, 

7,3 

7,-

7,2 

7,5 

7,1 

7,1 

TOS 

1638, 

16,66 

1,589 

_517 

79 1, 

818 

98', 

877 

3365 

)297 

3068 

2660 

2_75 

21,18 

2094 

1891 

1742 

1108 

15971, 

91,66 

11520 

11) 25 

121,42 

9818 

9756 

8355 

7"59 

TAL 

a 

0,_ 

27' 

292 

158 

15 1, 

196 

100 

220 

157 

197 

201 

1~0 

19' 

179 

168 

151 

136 

" 
o 

a 

o 

6 

o 

o 

79 

49 

CHEMICAL ANALYSES OF nOIlEIiOLE WATEIlS OIG/L) DURING DRILLING 

Nllt. 

0,85 

1,09 

0,05 

0,18 

0,0) 

0, 18 

0,01,. 

O,Ot.. 

0,0) 

1,12 

1,25 

0,0) 

0,19 

0,)5 

0,01. 

O,Ot. 

0,0) 

0,90 

1,0) 

0,15 

0,26 

1, 07 · 

1,16 

0,"-1. 

0,4" 

C. 

1096 

11)5 

85 

9-

27 

25 

37 

28 

101 

82 

117 

90 

00 

76 

63 

59 

52 

27 

1047 

57' 

001 

835 

006 

571 

599 

362 

260 

Cl 

9206 

9222 

171) 

1608 

200 

206 

32' 

319 

120J 

laO) 

11 1,5 

101,2 

976 

955 

000 

737 

679 

391, 

939' 

5/18"-

6366 

6,26 

6299 

5JJl 

5520 

5512 

4852 

N0
3 

1,57 

l,l,O 

4. 1',50 

1,4,11 

0,11 

0,11 

0,11 

0,05 

55,7J 

36 , 09 

27,62 

2).22 

19 , /1 9 

19,02 

21,60 

12,77 

9,90 

J,8) 

1,30 

a , )0 

0,09 

0 , 07 

0,4 1, 

a, )1, 

0,1,1 

N. 

3'39 

J439 

1295 

1270 

205 

219 

25 11 

2"7 

893 

862 

776 

710 

675 

61,9 

501 

527 

509 

311 

3379 

z41,,1 

2820 

3163 

2050 

2657 

209 1, 

22JO 

2180 

"0 

760 

755 

129 

111J 

11 

9 

1, 
11 

103 

126 

89 

63 

56 

56 

1,1, 

"0 
3" 
2, 

828 

251 

295 

355 

)11 

196 

2)8 

155 

107 

,. 

0,5 

0," 

1,1 

" 1 

0,6 

0,5 

0,7 

0,8 

0,9 

0,9 

0 ,0 

0,9 

0,9 

0,8 

0,8 

0,8 

0,8 

0,6 

0,1, 

0,7 

0,' 

0,6 

0,6 

0,0 

0,8 

Si 

6,0 

6,1 

5,2 

5,0 

2,6 

2" 

2," 

1,6 

2,6 

2,7 

3,5 

3,1 

2,9 

2,9 

),0 

3,7 

~,1. 

1,6 

5,1 

3,7 

" 1 

),7 

_,1 

2,7 

2,5 

K 

)8.3 

)0,4 

) 1,2 

37,9 

18,9 

21,1 

21,1 

10,4 

~2,2 

)0,8 

25,0 

21.) 

19,9 

20,0 

16,5 

17,7 

17,7 

9,_ 

53,6 

)3,8 

16,7 

5t.,5 

19,5 

28,2 

45,) 

17,0 

! 1 , 0 

S0, 

676 

675 

797 

806 

56 

66 

91 

"0 
52' 

758 

5'7 

)82 

)1'9 

337 

271 

2'3 

218 

158 

722 

"81 

508 

1027 

"93 

_38 

7'5 

p 

0,05J 

0,059 

0,010 

0,008 

0,011 

0,009 

0,016 

0,009 

0,006 

0,001 

0 , 004 

0,008 

0,011 

0,009 

0,008 

0,008 

0,008 

0,010 

0,020 

0,000 

0,015 

0,011 

0,01) 

0,002 

0,00) 

...., 



D/II NU~IDER 

K:-l IG 

CON TINUED 

UD 20G 

HD 2 1G 

DEPTII (") 

195 

252 

)05 

)0 

" 
50 

60 

65 

70 

75 

B5 

90 

95 

100 

105 

110 

115 

120 

1)0 

1)5 

140 

145 

150 

1)1 

1)6 

1 1,1 

146 

pll 

6,B 

6,9 

6,9 

6,2 

B,) 

B,2 

8,2 

8,) 

8,5 

8,) 

8,) 

8,1 

8,0 

8,2 

8,6 

8,4 

8,2 

8,2 

6,0 

8,0 

8,0 

8,1 

8,0 

6,7 

6,0 

6,7 

6,8 

TDS 

7497 

882) 

7962 

4658 

44)2 

5080 

4600 

4607 

4679 

4711 

452) 

4499 

4157 

4459 

47J8 

471) 

4666 

4.7J2 

4597 

4546 

47)2 

4699 

1,,651 

1075 

1098 

1094 

1091, 

TAL 

)7 

98 

55 

116 

120 

151 

14) 

111 

118 

152 

117 

129 

70 

92 

B9 

69 

72 

67 

69 

69 

96 

71 

56 

1', 

21 

1', 

17 

CIIF.~IICAL ANALYSES OF 1I0nEJlOLE .... ATERS (Hc/L) DURING ORn.L ING 

Nil,. 

0,0" 

0,04. 

0,0" 

0 , 05 

0,05 

0,07 

0,04 

0,04 

0,0" 

0,05 

0,05 

0,01, 

0,04 

0,0) 

0,04 

0,0) 

0,05 

0,04. 

0,04. 

0,04. 

0,5) 

0,05 

0,111 

0 : ~'j 

c. 

259 

427 

)10 

97 

92 

119 

102 

89 

9) 

91 

115 

117 

107 

88 

99 

94 

96 

92 

89 

85 

95 
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85 

2B 

20 

20 

24 
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5217 

25M . 0,02 
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256) 0,07 
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2610 0,0) 
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2527 0,0) 

2527 0,0) 

25)6 0,06 

2568 0,02 

2556 1),0) 

1190 0,15 

407 0,12 

4.0', 0,16 

1,75 0, )5 

N. 

1950 

2 1,1,0 

22)0 

1)61 

126,. 

1501 

1)52 

1)52 

1)56 

I)B6 

1282 

1275 

1181 

1) 14 

I)B7 

til 14. 

1)82 

1',1) 

1) 69 

1))5 

11..t)1 

1)52 

1)91 

292 

265 

267 

::!72 

"0 

117 

192 

1)7 

169 

171 

17) 

157 

175 

156 

176 

170 

169 

161j 

172 

167 

167 
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177 

160 

164 

104 

175 

189 

16 

2 1, 

2
'
, 

20 

F Si 

0,9 4,7 

1,0 4,6 

1,1 4,0 

1,0 4,9 

0,9 4,7 

1,0 .4,1 

0,9 4, 5 

0 , 9 4,B 

1,0 4,4 

0,8 ),) 
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0 ,8 4,6 
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0,8 ),9 

" 1 ),1 

1,1 ),4 
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0,) 5,2 
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0,5 0,9 

0,) 1,) 

K 
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15,0 

1),0 
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86,8 

71,8 

7J ,4. 

68,6 
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60,7 

67,8 

71",) 

7J,4. 

76, 7 
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67,8 

60,1 
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17,1 

10, 0 

9,0 

8,) 
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4 

289 

271 

)08 
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29) 

292 

) 14 

)04 

267 

291 

294 

294 

285 

)02 
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279 

)07 

)40 
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68 

42 

44 

1,6 

p 

0,011 

0,006 

0,008 

0,069 

0,008 

0,015 

0,008 

0,000 
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0,008 

0,008 

0,009 

0,008 

0,011 

0,008 
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0,011 
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0,006 
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0,024. 
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0,014. 
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521 
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9 15 

TAL 
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1~ 

o 
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17 
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7 
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16 
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2G 
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1~ 
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NIII;. 

0,4) 

0,27 

0,1,2 

0,22 

1,77 

0,,6 

0,04 

0,97 

2,45 

0,5) 

0,5) 

0,)9 

0,4.5 

0,65 

0,85 
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0,72 
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c. 

21 

2) 

20 

21 
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27 
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20 

)9 

10 

11 

27 

10 

5 

) 

7 

16 

6 

1~ 

15 

7 

17 

16 

9 

15 

5 

6 
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~91 0,02 
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165)4 0,08 
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4. /15 0,1) 

1029 0,04 
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N. 
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22 

21 

20 

19 

1729 

1628 
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)0 
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16 

15 
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16 
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)~ 

)) 
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)2 

27 

16 

29 

)2 
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~2 

50 

~5 

50 
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71 

72 
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36 
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37 

21 

16 
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67 

32 

6~ 

65 

31 

67 

57 

37 

62 
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APPENDIX 5 C 
HYDROCHEMICAL ANALYSES DURING CONSTANT YIELD TESTS 



0/11 NUMDER TUIE (MINUTES) 

KJ~ 71G 70 

1'.0 

)00 

460 

720 

670 

KR 72 6 

16 

)0 

65 

60 

125 

195 

300 

420 

575 

660 

760 

81,0 

900 

1005 

1120 

121t5 

1)50 

lltiiO 

pH 

5,2 

5,6 

6,1 

5,6 

5,7 

5, f, 

6,6 

6,6 

6,5 

6,6 

6,. 

6,' 

6,1 

5,9 

5,7 

5,6 

5,9 

6,5 

5,7 

5,) 

5,7 

5,5 

5,) 

5,4 

5,5 

TD5 
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6)9 
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6)1 
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'76 

1.15 

357 

)1 1, 

296 

260 

274 

265 
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26. 
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CIIF.MICAI~ ANALYSES OF OOREIfOLE W'ATEIlS (,.IG/L) PUMPING AT CONSTANT YIELn 
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2 

1 

6 

37 

27 

20 

)5 

21 

24 

10 

6 

9 

6 

7 

17 

6 

5 

6 

7 

7 

11 

10 

NH" 

0,01, 

0,0'. 

0,0) 

0,0', 

0,04 

0,01, 
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0,05 

0,0) 
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0,0) 

0,0) 
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0,05 

0,0) 

0,0/, 
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0,011. 

0,0) 

0,04 

0,0) 

0,02 

0,02 

0,03 

C. 

2 

2 

2 

2 

2 

2 

19 

1) 

11 

16 

11 

12 

7 

6 

5 

5 

6 

11 

" 
4 

5 

5 

4 

5 

5 

Cl 

76 

77 

79 

78 

76 

61 

241 
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2 1.9 

167 

161 
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1)5 
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105 

lOll 
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99 
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NO] 

0,0) 

0,0) 
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0,0) 

0,0) 
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42 

') 

1/,8 

157 

151 

114 

106 

9' 
61 

72 

66 

64 

62 

60 

60 
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52 

52 

5) 

51 

5', 

52 

55 

52 

5) 

5) 

52 

52 

51 

50 

51 

2595 

2590 

1386 
1282 

"0 

• 
5 

6 

5 

5 

6 

5 

7 

5 

5 
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0,019 

0,015 

0,016 

0,014 

0,01) 

~015 

0,01t.. 

0,015 

0,018 

0,011 

0,002 

0,000 

0,000 

0,008 

REHArtKS 

YIEl.D .. 10,t. Lis 

AT DEPTH 16I.. H 

YIELD c 0,)25 Lis 

AT 88 H DEPTII 

YIE LD 0 5, 1 LIS 

AT DEPTH 98 M 

" " 



CIIEMICAL ANALYSES OF DOnEIIOLE WATEns ('!G/L) PUMPING AT CONSTANT YIELD 

u/ ll NUI'1UER TIME (MINUTES) pll TDS TAL Nllt.,. Ca C1 NO) N. HO F Si K SO. P REKARKS 

~m :! tG 180 6,. 98) .0 0,0) ZI, 521• 0,06 295 Z7 0, 2 5,6 5,6 5) 0,009 YlELU • O,)~ Lis 

)90 6,) 961 )9 0,0) Zl 51' 0,00 Z05 Z7 0,1 6,0 5,7 51, 0,006 AT 167 M DEPTH 

5,0 6,) 96) '0 0,0) zz 519 o,oJ Z8) Z7 0,1 5,9 5,1 5) 0,005 

720 6,5 955 )8 0,0) Zl 51. 0,06 Z81 Z7 0,' 5,9 5,0 51, 0,00) 

SN IG START 7,1 z)6) 16 O,llt 5) 1Z(17 O,OZ 67) lZ0 0,2 1,6 5,5 201 0,008 YIELD: 4,6 Lis 

180 5,9 '.9 6 0,0) 10 zll'. 0,02 125 22 0,2 1,8 1,6 )7 0,006 AT 109 M DEPTH 

)60 6,' 811 7 0,01 19 It lt8 0,05 22) )8 O,z ),6 2,0 67 0,005 

SN ' lG START 6,' 880 11 0,01 17 ,66 0,10 25 1• ,0 0,2 ',1 2,7 81 0,008 YIELD s 11,4 LIs " CO 

'90 6,2 287 11 0,01 9 201 0,10 111 ,6 O,Z ',2 2,/1 29 0,00) AT 258 M DEPTII 

12'10 6,1 252 11 0,01 6 12, 0,08 71 9 0,2 .,6 2,1 20 0,00) 

2880 6,1 15) 10 0,01 5 06 0,07 50 6 0, ) ',5 2,1 ,6 0,004 
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"It ,IG 1/15 BIN 5,6 166 9 0,02 I, 7) 0,0) 1,1 6 0,1 1,,6 1, ) 2_ 0,016 

'2/70 ~'lN -,5 ISlA 1 010) ) 72 0 , 00 )9 6 0,0 -,- 1 , _ 
27 0,016 

'2/11) mN 5,) 1'.9 1 O,O/" 2 72 0,00 )9 5 0,0 _,6 1,0 2) 0 , 020 

)/125 mN 5 , 6 15_ ) O,OJ ) 7/, o,oJ )6 5 0,0 - ,7 1,0 2' 0,012 

1./'215 HlN 5,) 1117 1 0 , 0) 2 7J 0,0) )6 6 0,0 _,6 0,7 2) 0 , 012 

'-.J 

~111 :; I Co 6,9 4620 7) o,o/" 67 ~62/1 0,0) 11,02 137 0, .6 0,0 19,7 260 0 , 017 <D 

) 6,9 1972 86 0 , 0'* 27 1007 0,00 599 5" 0,1. 1, ) 8 ,5 166 1,232 
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APPENDIX 6 

ABSTRACTION DATA 



ANNUAL WATER ABSTRACTION FROM THE KRUIS-RIVER AREA 

DATE DORE-HOLE OWNER FARM NAME RATE OF' PUMPING NUMBER OF BOURS PUMPED YIELD PER ANNUM 

NUHUER l/s H' 

28.9.82 KR 2A HUKAN BRANDSKLOOF 7,5 18 HOURS/DAY ALL YEAR 177J90 

20.9.82 KR JD HUMAN DRANDSKLOOF' B,B 18 HOUR S/DAY ALL YEAR 2081)8 

B.J.BJ 8,0 18 HOURS/DAY ALL YEAR 189216 

213.9 . B2 KR_ IIUMAN BRANDSKLQOF 7,5 2/. HounS/O AY ALL YEA R 2)6520 

28 . 9.82 KR 7' DE KLERK DIE EIKE 10,0 6 IIOURS/OAY ALL YEAR 78840 

CO 
28.9.62 KR lOA LAURENCE LEBANON ),8 1 2 1I0URS/OAY ALL YEAR 59918 

B.) .BJ 11 ,65 12 HOURS/DAY ALL YEAR 7))21 

22.8.6) KR I1 A S.A. KOOPERATIEWE PORTION 52 OF K.R. 2 ,7 1 IIOUR /OAY ALL YEAR )5_9 

SITnUSDEURS O.P.K. 

7.11.8J KR l)A CLAASEN, J. HIGHLANDS 8,0 4,8 HOURS/DAY ALL YEAR 50_58 

28.9 .82 KR 16 VAN VUUREN LANGLAAGTE 6,5 12 IIOURS/OAY ALL YEAR 102/192 

22.8.82 KR leA CLAASEN ROOIPAOSBRAND 6 750 .t /week J52 

28.9.82 KR 19A CLAASEN ROOIPAOSBRANO 8,0 0.14 IIOURS/OAY ALL YEAR 1472 

22.8.8) 6,2 20 MIN/DAY ALL YEAR 2716 



DATE aORE-HOLE OIfflER FARM NAKE RATE OF PUMPING NUMBER OF HOURS PUMPED YIELD PER ANNUM 

NUMBER lis ><' 

28.9.82 KR 21 LE ROUX GROOTKLOOF 2, 7 1,1 1I 0URS/OAY ALL YEAR )90) 

)0.6.8) 1,7 1,1 HOURS/DAY ALL YEAR 2457 

28.9.82 KR 22 COOKE PORTION 5~ OF IC.R. 7,0 20, 5 HOURS/DAY ALL YEAR 168559 

7.11.82 KH 2) COOKE PORTION 54 Of K.n. 5,0 2'1 nOURS/OAY ALL YEAR 157680 

28 .9. 82 KR )2 VAN IIEERDEN PORTION 97 OF K.R. 1,) 12 HOURS/DAY ALL YEAR 204. 98 

28.9 .82 KR )8 HARRIS DONNIEVALE ),0 4 HOURS/DAY ALL YEAR 15768 
OJ 
N 

28.9 .82 KR 45 SCHEEP£RS RETREAT 1,0 4 HOURS/DAY ALL YEAR 5256 

2B . CJ.82 KR 47 BARnARD HOPEOALE 0, )6 2 HounS/OAY ALL YEAR 946 

)0.8.6J 1,25 2 HounS/OAY ALL YEAR )285 

28.9.82 KR 118A HUMAN PORTION 89 Of K.R. 2 , 5 18 HOURS/DAY ALL YEAR 591)0 

8.).8) ),06 18 HOURS/DAY ALL YEAR 72648 

28.9.82 KR 49 RENS AVONOSRUS 5,0 12 HOURS/DAY ALL YEAn 78840 

5.9 .8) 10 , 0 12 HOURS/DAY ALL YEAR 157680 

28.CJ.82 KJl 50 fERREIRA PORTION 11) OF K.R. 0,9 2 HOURS/DAY ALL YEAR 2)65 

8.).6) 0,8 2 HOUR S/DAY ALL YEAR 2102 



DATE DORE-HOLE OWNER FARH NAME RATE OF PUMPING NUH8ER OF HOURS PUMPED YIELD PER ANNUM 

NUKDER 1/. Il 

20.9.82 KR 52 HUMAN PORTION 38 OF K.R. 6,7 18 HOURS/DAY ALL YEAR 158468 

CLOSED IN 1982 

8.).8) KR 52A HUMAN PORTION )6 OF K.R. 5,0 18 HOURS/DAY ALL YEAR 118260 

22 .8.8) 5,7 16 HOURS/DAY ALL YEAR 1)4816 

28.9.62 KR 5)A HUMAN J.N. FONTEINSIIOEK ),7 12 HOURS/DAY ALL YEAR 58)42 

)0.8.8) ),) 12 HOURS/DAY ALL YEAR '520)4 

28.9 .82 KR 55 HANCKE KWEPERLANDE 0,5 1 1I0UR/DAY ALL YEAR 657 00 
w 

8.).8) 0,26 1 HOUR/DAY ALL YEAR )68 

5.9.8) 0,)9 1 HOUR/DAY ALL YEAR 512 

0.) .8) KR 57 RUDHAN PORTION 70 OF K.R. 1,1 20 mN/DAY ALL YEAR 482 

28.9 .62 KR 60 HULLER FONTEINSHOEK 1,2 5 lIOURS/DAY ALL YEAR 7884 

)0.8.8) 1,0 2,6 HOURS/DAY ALL YEAR ))77 

20.9.82 KR 61 GERBER PORTION 104 16,7 10 HOURS/DAY ALL YEAR 219438 

8.).8) 10,0 10 HOURS/DAY ALL YEAR 1) 1400 

20.9.82 KR 6) BOTHA OLIVIA 1)86 l./day 506 

NOT CURRENTLY IN USE CARTED 

8.).8) 



DATE nORE-HOLE OWNER FARM NAME RATE OF PUMPING NUHBER OF HOURS PUMPED YIELD PER ANNUM 

NUHDER L/8 If' 

28.9.82 KR 66 THOMPSON GREENACRES 2,1 1,3 HOURS/CAY ALL YEAR )5B7 

)o.B.B) 0,9 1,3 HOURS/DAY ALL YEAR 1537 

22.8.6J KR 72 S.A. KOOPERATIEWE PORTION 52 OF K.R . 2,6 1 Houn/DAY ALL YEAR 3"32 

SITRUSD£URS B.P.K. 

16.9.8) DH 1 BLOH NUW'EPLAAS 0,5 1 HOUR/DAY ALL YEAR 657 

28.9 .82 LII 1 SEArtLE W'INCANTON ESTATES 1,26 8 HOURS/DAY ALL YEAR 13245 

28.9.82 HD2 SEARLE W'INCANTON ESTATES 0,7 4.5 HOURS/DAY ALL YEAR "'39 CP ... 
B.) .B) HIo' 40 GERBER PORTION J OF HAMOSADALE B,7 12 HOURS/DAY SUMMER 1059B7 

5.9 .B) WEST 10,7 21t HOURS/DAY ALL YEAR ))7"35 

28.9.B2 HW 6 FROST ECHO DALE 0,5 5 IIOURS/OAY ALL YEAR 3285 

28.9.82 HW B FROST ECHODALE 0,1, 6 HOURS/DAY ALL YEAR J 154. 

5.9.8) KR 17 SEAnY RIIODECOURT 10, 25 2/J 1I0URS/HONTH ALL YEAR 10627 
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APPENDIX 7 
PIEZOMETRIC SURVEY 
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PIEZOMETRIC SURVEY 

, 
BOREHOLE NO . DATE OF SURVEY PIEZOMETRIC LEVEL (METRES ABOVE SEA LEVEL) 

BHl 5-9-83 67,010 

KM1G 13-3-84 48,350 

KR4 30-8-83 55,125 

KR l1A 30-8-83 47,190 

KR19A 30-8-83 54,550 

KR21 18-3-83 42,915 

KR37 5-9·83 46,350 

KR38 2-2-82 48,700 

KR39 5-9-83 46,410 

KR45 5-9-83 46,660 

KR50 5-9-83 43,000 

KR54 30-8-83 46,725 

KR57 30-8-83 40,105 

KR61 27 -2-83 62,856 

KR63 23-6-80 48,800 

KR64 5-9-83 49,790 

KR66 30-8-83 31,658 

KR70 30-8-83 60,375 

KR71G 30-5-83 40,574 

KR72 30-8-83 51 ,435 

KR75G 5-9-83 48,210 

MD4A 18-3-83 69,320 

MD6 5-9-83 82,675 

MD7 5-9-83 57,420 

MD20G 5-9-83 74,290 

MD21G 5-9-83 58,735 

MW4B 3-2-83 36,550 

MW6 30-8-83 ±.75,O 
MW7 11-5-82 69 ,099 

MW8 5-9-83 68,220 

MW20G 5-9-83 -9,140 
SN1G 30-8-83 66,160 
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