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SYNOPSIS 

The Uitenhage artesian aquifer north-west of Port Elizabeth in South 

Africa, is one of the few artesian groundwater systems in Southern 

Africa. The Uitenhage - Coega, and Kruis River areas, are the most 

important porti ons of the Uitenhage Artes i an System in terms of water 

abstraction and water use. This study concentrates on the Uitenhage -

Coega area and in parti cul ar, on the Coega Ridge where the Table 

Mountain Sandstone (TNS) aquifer occurs at relatively shallow depths. 

The investigation is aimed at assessing the geological, hydrogeological 

and hydrochemical characteristics of the HIS and any other aquifers 

present, with the object of providing quantitative data for use in 

future deci si ons on the Ivater resource management of the area. 

In order to achieve these objectives, field work, involving a 

hydrocensus, geological mapping, geophysical exploration, drilling, 

aquifer testing and hydrochemical sampling was carried out. Analysis of 

these data provided information on the extent of the aquifers, their 

hydrogeological characteristics and the chemical nature of the various 

groundwater types. 
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CHAPTER 1 

STUDY AREA, A If·IS AND HYPOTHESES 

1.1 Introduction 

The Uitenhage Artesian System (U.A.S.), situated in the Cape Province 

between latitudes 33°30'S and 35°55'S and longitudes 25°l5'E and 25°45'E, 

covers 

system 

1955) . 

an area of about 3700 square kilometres and is the only artesian 

of practical importance in the Republic of South Africa (Mountain, 

See Fig. 1 for locality. 

The artesian system has been studied previously (see section 1.3, p 3), 

although these early investigations were of a rather general nature. 

This study is aimed at gaining a thorough understanding of the 

geological, hydrogeological and hydrochemical processes, operating in the 

northern portion of the artesian system. This northern area is knm'in as 

the Coega Compartment (Marais, 1964) and forms a discrete hydrogeological 

unit within the U.A . S. 

The study is principally concerned with t he Table ~lolJntain Sandstone 

(l).1S) aquifer, in the area between the Uitenhage Springs and the s''!a . 

Attention vii 11 , hOI'Iever, be paid to the other major rock units present -

the Bokkevel d and Uitenhage Groups. 

1.2 Historical Background 

From the establishment of the town of Uitenhage in 1804, until the early 

1900's, water requirements were supplied almost exclusively from the 

nearby Springs, (Fig. 2) Since that time, however, many artesian 

boreholes have been drilled and the increased abstraction rate has led to 

a drop in yield from both the Uitenhage Springs, and fr om boreholes in 

the area as a whole. The completion, shortly after 1950, of flo~Iing 

artesian boreholes on the farms Coegakop and Wells Estate, led to a 

halving of the water available t o Uitenhage from the Springs (t,1arais, 

1964) . 
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In 1957, in teYTlls of Government Proclamation 260, controls on drilling 

and groundwater abstraction were implemented in the Uitenhage Groundwater 

Control Area . In 1964, Proclamation 266 was issued. This increased the 

size of the Control Area to approximately 1125 km2 (see Fig. 2). 

1.3 Previous Work 

Geohydrological studies of the entire Uitenhage Artesian Area \'/ere 

carried out by Enslin in 1962, and Marais in 1964, under the auspices of 

the South African Geological Survey. A gravity survey over the onshore 

portion of the Algoa Basin was undertaken by the South African Geological 

Survey in 1964. As part of the national programme of oil exploration, a 

detailed seismic reflection survey was carried out in 1976. More 

recently, hydrochemical analyses, and isotope work in particular, were 

undertaken by Talma, Vogel and Heaton (l9B3), of the C.S. LR. 

1. 4 The Study Area 

1 .4.1 Locati on 

The Study Area extends from north of the town of Ui tenhage in an 

east-south easterl y di recti 0 n to the coas t (Fi g. ll. It encompasse s most. 

of the northern section of the Uitenhage Underground Water Control Area 

(U.U.H.C.A.). This northern section is known as the Coega Compartment 

(~larais, 1964). The total area covered is approximately 470 square 

kilometres. 

1.4.2 Cl imate and Vegetation 

The region experiences a temperate climate \~ith warm, humid summers and 

mil d to col d winters. The annual rainfall at Uitenhage Springs averages 

460nm and i s concentrated in the summer months (Fi g. 2). The potenti a 1 

annual evaporation varies from about 1 400nm near the coast. t.o 600nm near 

the Groot Winterhoek mountains in the west of the study area (t~arais, 

1964). The vegetation in the area is principally dense bush and shrub 

comprising mainly thorn trees and prickly pear bushes. Following Acocks' 

(1975) definition of veld types, the vegetation is classified as Ka~oo 

Valley Bushveld. 
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1 .4.3 Physi ography 

The study area is bounded to the east by Algoa Bay. The country rises to the 

west in a series of steps corresponding to marine transgressions and 

regressions. These "steps" are known as the Bontrug Pl ateau, the Salt Pan 

Terrace and the Grassridge Plateau respectively (Ruddock, 1968; Marker, 

1984). The "steps" stretch in an arcuate fashion parallel to the coast and 

dip at low angles (1 to 1,5°) towards the sea. Hestwards the relief becomes 

progressi vely more rugged toward s the Groot Hi nterhoek and El and's Ri ver 

mountai n ranges. These are composed of predomi nantly Tabl e r~ountai n Sandstone 

with lesser pre-Cape quartzites and phyllites, and prohahly form the pdncipal 

recharge area for the artesian system. 

Surface drainage is effected primarily by the Coega River in the north and 

Swartkops River in the south. r,ear the coast both of these rivers show mature 

features such as meanders and flood plains. Further inland a den<!ritic 

pattern of drainage is established, with the landscape having a dissected 

appearance as the streams cut their way through the resi stant quartzites of 

the Table ~lountain Group. 

The Uitenhage-Coega Fault lies Hithin the southern · portion of the study area. 

It is exposed at the extreme Hestern end of the ilrea but is obscured by 

Cretaceous sediments. further east. It is this fault, I-, hich dOI~nthro~!s to the 

south, that separates the Coega Compartment from the rest of the artesian 

system. North of the fault the so-c all en Coega Ridge extenrls from the 

mountains in the west and culminates in t. hree small islanrls in Algoa Bay. 

Although, in t he ea st, the Coega Ridge is I10stly onsc ure d hy Cr~~aceI)IJs 

sed i r.1cnts , its presencc is Clanifested on the surfacl' hy small inliers nf T,11:>1" 

[·Iountain S'lnrJst0ne th~ "' ·)5t prombent I)f \Thich i s Co e91 K o~ (Fi0 . 1). 
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1.5 Aims and Objectives of the Study 

The objective of the study is to identify the factors influencing the 

hydrogeology and hydrochemistry of the northern portion of the Uitenhage 

Artesian System, (the Coega Compartment) and to provide i nfonnation to serve 

as the basis for effective management decisions enabling maximum exploitation 

of the water resource. 

The specific aims are; 

(a) To detenni ne the geometry and geohydrological characteri sti cs of the 

principal aquifer - The Table Mountain Group. 

(b) To evaluate any other subsidiary aquifers in the project area. 

(c) To redefine the boundaries of the Control Area in tenns of 

geohydrological rather than cadastral criteria. 

(e) To assess the factors influencing the quality of groundwater water both 

1 atera 11y and vert i ca 11y, throughout the proj ect a rea. 

1.6 Hypotheses 

Based on theoretical hydrological concepts and the Ivork of Ensl in (1962), 

Marai s (1964), and Bush (1982), the fo11o~ling hypotheses are proposed for the 

study a rea. 

Aquifer Geometry and Geology 

1. The principal aquifer comprises the quartz-arenites of the Table 

~lounta in Group. 

2. The argillaceous rocks of the Kirkwood and Sunday's River Fonnations act 

as an effective aquiclude. 

3. The pre-Cretaceous relief is extremely irregular. 

4. The Uitenhage-Coega Fault, by juxtaposi ng impenneabl e \Vi th penneabl e 

strata, forms the southern boundary of the Coega Compartment. 
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Geohydrology 

The Ta b 1 e t·lountai n quartz-a renites form an 

secondary permeability being governed by 

fracturing and faulting. 

inhomogeneous aqui fer with 

the degree of jointing, 

6. The direction of groundvlater flow is predominantly from the WNI, to the 

ESE. 

7. Water derived from the Table Mountain Group quartz-arenites is less 

mineralised than that from the Bokkeveld and Uitenhage Groups. 

1.7 Thesis Structure 

The thesis has been structured in much the same vlay as the investigation 

of the study area \>las carried out. After the desk study and 1 iterature 

search, a hydrocensus, or borehole survey ~las conducted, the results of 

which are included as Appendix 1. Thereafter, the study involved 

geology, geophysics, drilling, aquifer testing, and hydroch~mistry. 

These aspects are discussed in Chapters 2-6 respectively. Chapter 7 

examines whether the aims and objectives proposed in section 1.5 (p 5) 

have been fulfilled, as well as testing the hypotheses (section 1.6, p 

5) for validity. The thesis is concluded vlith a short section on 

conclusions and recommendations. 
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CHAPTER 2 

GEOLOGY 

2.1 Geological t~apping 

The compilation of a geological map for the study area was accomplished using 

three techniques:-

1. Use of existing geological maps, notably that of Marais (1964). 

2. Field mapping, involving the tracing of contacts and the measurement of 

various structural parameters such as dips, strikes, joint orientations 

and fracture densities. 

3. Interpretation of aerial photographs. This was facilitated by the use 

of stereoscopic apparatus. 

An understanding of the sub-surface geology was gained by ma king use of 

geophysical methods and by the drilling of exploration boreholes for both 

strati graphi c i nformati on and geophysi cal correl ati on. These aspects are 

discussed in Chapters 3 and 4 respectively. 

The surface geology of the study area has been incorporated into the base map 

(Fig. 3) which, in addition, shows cadastral boundaries, topography, borehole 

positions and electrical resistivity sounding sites. Geological sections, 

A-A', B-B', C-C' and 0-0' are presented in Figs . 4 A-D. 

There has been no attempt to differentiate bebleen the Kirkwood and Sunday's 

River Formations of the Uitenhage Group, as hydrogeologically they repre sent a 

single unit. This ,,,ould also have been an extremely time-consuming task and 

beyond the scope of this investigation which is principally concerned with the 

Table ~10untain Group, (al so referred t o as the Table Mounta i n Sands tone or 

n~S ) . 
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2.2 Stratigraphy 

The following geological units are present in the study area: 

Peri od Age O~a) Stratigraphic Units 

Quaternary 0-18 Recent deposits 

Terti ary 18-65 Alexandria Fm. 

Cretaceous 65-141 - Sunday's River Fm . 

Uitenhage Group - Kirb/ood Fm. 

- Enon Fm. 

Pa 1 aeozoi c 330-450 Cape Supergroup - Bokkeveld Gp. 

- Table Nountain ~. 

(Peni nsul a Fm) 

La te Pre- Cambri an +450 Pre-Cambrian Basement - Gamtoos Gp . 

Table 1 - Stratigraphy of the Uitenhage-Coega area (After S.A.C.S., 1980) 

2.2.·1 The Pre-Cambrian Basement - The Gamtoos Group 

Areally these rock s compri se a very small portion of the study area, occurring 

for a short distance on the upthrown side of the Uitenhage-Coega Fault. 

Lithologically they consist of quartzites with interbedded phyllites, shales 

and limestones. The Gamtoos Group is considered to be conformable with the 

overlying Table ~Iountain Group (Jlmm, 1934). The Pre-Cape rocks are of little 

geohydrological importance for t\~O reasons: 

(a) The area they cover is very small; 

(b) They are lithologically similar to the T.r~.S. although Jlmm (1934), 

maintains that because of their more plastic nature (by virtue of 

higher argill ite content) they are hetter able to accommodate 

stress. Thi s i mp l ies that these rocks are not as fracturerl as the 
... -: I ..... _ •.. ' ' •. • ".... •• < .. :' , ', ' . 



- 13 -

2.2.2 The Cape Supergroup 

2. 2.2 . 1 The Table Mountain Group (TMS) 

Outcrop is confined to the western portion of the study area, and 

isolated inliers in Mesozoic sediments on the upthrown side of the Coega 

Fault. Three small islands in Algoa Bay are also composed of s~diments 

of the Table ~lountain Group . 

The Group is thought to range from Early Ordivician to Early Devonian in 

age and consists primarily of quartz arenites with minor conglomerate 

and mudstone beds (Tankard et a1., 1982). Sedimentation and facies 

stacking patterns appear to have been controlled by pronounced basement 

subsidence accompanied by faulting. 

Although, in the Eastern 

formations (Tankard et al, 

Cape, 

1982) , 

the Group can be divided into 5 

only the 10\~ermost, Peninsula Fm. is 

thought to be present in the study area. Estimates for the thickness of 

this formation vary greatly, with figures of 2000n (Visser, 1974) and 

4600m (Marais, 1964) being proposed. 

Lithologically and sedimentologically, evidence is consistent with a 

high-energy deposition model. The quartz-arenites comprise medium to 

coarse-gr ained sandstones with pebbles of well-rounded quartz and 

quartzite. Individual quartz grains are cemented \~ ith silica cement. 

Nedium to large-scale cross-bedding is the dominant sedime ntary 

structure. Visser, (1974) considers this to be a consequence of a 

barrier-beach, shallow-shelf environment with the maturity of the 

sequence bei ng ascri bed to hi gh-energy current and storm wi nnowi ng 

processes on a stable, but slowly subsiding shelf. 

Four different sandstone facies have been described by Rust (1973), 

Vi sser (1974) and Hobday a.nd Tankard (1978), but further stratigraphic 

discussion is beyond the scope of this report. 

2.2 . 2.2 The Bokkeveld Group 

Rocks of the Bokkeveld Group outcrop in the north-wes tern portion of the 

stu dy area and represent the most dynamic phase of Cape Supergroup 

deposition. TIle mode l appl ied by Tankard et a l., (1982) is that of 'I 

southward thickening sedir:Jentary prism constructe rl largely hy fluvial 

and siloal-,Iater de lta processes. The succession contains five of ,i x 
, , '. ' .' . . :, -
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interrupt the lower two but become progressively thicker in t:w upper 

three. The substantial thicknesses of fine-grained prodelta sediments 

are attributed to continuous deposition, while the quartz arenites are a 

result of lengthy periods of reworking. 

The basal, Gydo Fm., is the only one of importance in the study area 

reaching a thickness of 600 m (S.A.C.S. 1980). The lithology comprises 

black shale, siltstone and lenses of fine-grained sandstone. 

2.2.3 The Ui tenhage Group 

Regional stress patterns, produced by early Cretaceous shearing along 

the southern continental margin, caused tensional displacements on 

southward-dipping normal faults in the Cape Fold Belt (Lock, 1978). 

This resulted in numerous fault-controlled basins, developed with an 

elongation parallel to the structural grain and sub-parallel to the 

present coast. In each of the Southern Cape basins, sedimentation was 

partially controlled by boundary faulting, resulting in accumulations of 

conglomerates and finer-grained terrigenous clastics. 

The largest of the onland ~'esozoic basins is the Algoa Basin which 

covers !4000 km2 and comprises tltO major depositories bounded along 

their northern margins by the Coega and Suurberg faults. Field evidence 

suggests that igneous activity, (the Suurberg volcanics) took place 

contemporaneously with the deposition of the lowermost unit - the Enon 

Conglomerate. The volcanics have been dated at 162 Ma (~1clachlan and 

rkmillan, 1976), suggesting that Enon deposition may have commenced in 

the Early or r"liddle Jurassic. 

2.2.3.1 The Enon Formati on 

The Enon Formation is of relatively minor importance in the study area 

as it is confined to a small occurrence in the west and does not appear 

to have any sign ificant hydrogeological importance. 

Where present, the Enon Fm. rests unconformably on fol ded pre-t·lesozoi c 

rocks and represents braided alluvial fans formed in resprynse to 

faulting along basin margins. Lithologically it comprises poorly sorted 

conglomerates with subordinate sandstone, siltstone and mudstone lenses. 

Clasts are generally ~/ell-rounded and less than 50 cm in diameter. The 

conglomerates are predominantly clast-supported I'lith a silty matrix. 
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Individual units are poorly bedded and are separated by subarkosic 

sandstones. Crude beddi ng and imbri cati on are interpreted as bei ng the 

result of deposition as longitudinal bars in a braided stream 

environment . Deposition during low-river stage is reflected in the 

1 enses of finer-grained material. 

As the distance from basin margins increases, the Enon suite 

i nterfi ngers wi th the fi ner grai ned Ki rkwood Fm. The upper contact of 

the Enon Formation is defined as the top of the massive conglomerate 

facies although, in the field, this may sometimes be difficult to 

; dentify. 

2.2.3.2 The Kirkwood Formation 

The Kirkwood Fm. outcrops over a large portion of the study area, 

notably just north of the Ccega Fault and abutting against the Table 

Mountain Group in the west. The base of the Ki rkv/Ood Fm . may consitute 

the floor of the Mesozoi c sediments or . it may be in contact with the 

Enon Fm. 

The lithology of the Kirk\~ood Fm. comprises mainly fine-grained clastics 

of the valley-flat environment (Vlinter,19731. The clays are 

predominantly reddish-brOl'in, silty mUdstones but characteristically show 

patches of greeni sh-grey and grey resulting from local reduci ng 

conditi ons. Grey shal e beds a re also present, favouri ng positi o,s close 

to sandstones. The silty sands are reddiSh-yellow to yellow in colour 

and the coarse sands yellow, white and pale grey. t10st of the coarse 

sands are massive to cross-bedded, fluvial point-bar facies, fining 

up\,lards, and often contain pebble-washes, clay pellets, or pieces of 

fossilised wood, especially near the base. 

A1 though the Kirkwood Fm. does attain thicknesses of up to 2200 metres 

in the Algoa Basin (Winter, 1973), in the study area, the range is from 

O-BOO metres north of the Fau1 t, to over 1000 m south of it. 

2.2.3.3 The Sunday's River Formation 

The Sunday's River Formation outcrops south of the Coega Fault and 

tO~lards the north-eastern portion of the s tudy area. Altho ugh the 

Kirkwood- Sunday ' s River contact i s gr adational, the Sun(iay's River Ff!l . 

is considered to be the most distal of the Uitenhage Group and is marle 

up of shallow-I'Jate r milrine and f'stuarine facies. 
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"Progradational deltaic and shelf sedimentation is reflected in thick 

sequences of mudstone and siltstone which commonly display 

upward-coarsening tendencies" (Tankard et al . , 1982, p 414). 

Lithologically, the Sunday's River Fm. consists of grey clays, silts and 

sands, weatheri ng to a greeni sh-grey colour and contai ni ng secondary 

1 imestone and gypsum. The sandstones are commonly shell-bearing and 

lenticular, with scoured channels up to 3 m deep (Shone, 1978). 

The thickest borehole intersection of the Sunday's River Formation is 

1860 metres but occurs far to the north of the study area. Withi n the 

study area, the range is from 0 to less than 1000 m (Winter, 1973). 

2.2.4 The Alexandria Formation 

A major, 100 

Alexandria Fm. 

Cretaceous age. 

mi 11 i on year unconformi ty, separates 

from the underl yi ng Ui tenhage Group 

the Tertiary, 

whi ch is of 

The Alexandria Fm. is of both marine and aeolian ongln and comprises 

sporadic conglomerate, shelly gravel, skeletal limestone and calcareous 

sandstone (Siesser, 1972). The Formation does attain thicknesses of 50 

m but is generally thinner than 10 m. 

2.2.5 Recent Deposits 

These comprise partially consolidated aeolian deposits, fluvial gravels 

and alluvium, and estuarine sediments, marine terraces and recently 

stabilised coastal dunes. Recent deposits are of little importance to 

this study and will not be discussed further. 

2.3 Structure 

The Algoa Basin, of which the Coega Compartment forms a part, owes its 

existence to a sequence of tectonic events, commencing with intense and 

complex folding of the Cape Fold Belt, and culminating in large scale 

subsidence and faulting, accompanied by basin infilling. 

2.3.1 Folding 

Petrographic and field evidence, such as elongation and flattening of 

conglomerate clasts and the almost total destruction of sedimentary 

structures, suggests that the pre-Cape rocKs were subjected to a period 

of deformation before deposition of the Cape Supergroup. 
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Deformation of the Cape Supergroup occurred during four tectonic 

paroxysms spanning the period 278 .:!:. 2 f-la to 230 + 3 ~·1a _ (Siihnge and 

Hiilbich, 1983). In the Port Elizabeth area the four episodes have been 

identified by Bell (1980) as; 

1. Fl folds with fold axes paralled to mineral orientation. These 

are accompanied by the prescence of low grade, regional metamorphic 

mi nerals. 

2. F2 folds with near horizontal axes, accompanied by prominent 

axial plane cleavage . 

• 3. F f 3 folds \~ith loVi angle old axes and associated with crenulation 

cleavage. 

4. Rare isolated kink bands. 

The effects of the second phase tend to mask the others especially in 

the massive quartz-arenite accumulations of the Cape Recife Formation (= 

Peninsula Formation). Deformation events 1, 3 and 4 have only been 

identified in less competent strata (Bell, 1980), suggesting that these 

horizons acted as zones of shearing during overthrusting. 

The overall effect of the four deformation phases has been to imprint on 

the Cape Fold Belt the following general characteristics. 

1. Najor asymmetrical folds. 

2. Curved axial surfaces. 

3. Gently inclined southern limbs. 

4. Sl eeply i ncl ined or overturned northern 1 imbs with gravity induced 

parasitic folds. 

5. A scarcity of visible fold closures in the more 

formations because of the intensity of brecciation in 

zones. 

competent 

the hinge 

With primary porosity and permeability low because of pressure solution 

and syntaxial cementation of individual grains, the over-riding 

geohydrological effect of the episodic folding, has been the creation of 

cleavages and joints which permit passage of fluids, especially in the 

massive quartz-arenite s edimentary pile of the Peninsula Formation . 
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2.3.2 Faulting 

In the Southern Cape a number of major dislocations such as the 

Worcester, Cango, Gamtoos and Uitenhage Faults form the boundaries of 

tilted fault blocks composed of folded sediments. These faults 

therefore postdate the folding. The faults are aligned along the trend 

of Cape folding (WNH - ESE) and downthrow normally to the south. 

Seismic evidence (section 3. 2, p 36) indicates that the fault angles are 

of the order 35°_40°. This is considered fairly 10~1 for gravity 

faulti ng (Wi nter, 1973). 

The rift-type basins derived by the faulting have extremely complex 

floor structures for the follovling reasons; 

1. An irregular pre-Mesozoic topographical relief. 

2. The prescence of tilted fault blocks, some of which have subsided 

at faster rates than other. 

3. Later epeirogenetic movements such as those which tilted the 

Alexandria Formation. 

In the Uitenhage - Coega area of the Al goa Cretaceous Basin, the 

prominent feature of geohYdl"ological importance is the Coega Ridge, 

composed of Table ~lountain Sandstone. This Ridge extends from the 

Winterhoek ~lountains to three small islands in Algoa Bay. The 1/I1S 

outcrops in windows along the ridge which has a relatively steep 

northern fl ank and is bounded to the south by the Coega Faul t. To the 

north the floor levels off before dipping in under the Bokkeveld Group. 

Although the Coega Fault is the major displacement feature in the study 

area, borehole information in the form of abnormally high core dips, 

suggests that there could be many small faults affecting both Palaeozoic 

and ~1esozoic sediments and which \~ere not detected by seismic surveys 

('linter, 1973). It is unlikely that the faulting plays nearly as 

important a role as a fracturi ng agent as the folding does, although it 

may gi ve ri se to 1 oca 1 zones of increased transmi ssi vi ty. The hi gh 

yields from boreholes CK2 and SV3, situated on, or very close to the 

Coega Fault suggest this . (See section 7.1.l.2, p 93). 
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TN. 

FIG. 5 ROSE DIAGRAN SHOWING FRACTURE ORIENTATION 
IN TA BLE MOUNTAIN S ANDSTONE. 

An analysi s of fracture orientations \~as made on outcropping 11,lS strata at 

over 200 localities along the Coega Ridge . The results are plotted as a 

rose-<iiagram, (Fig.5) ~/hich clearl y shows a dominant fracture orientation in a 

WNH - ESE d i recti on. A s ubord i nate fracture system, a lthough not as cl ea rly 

defined, can be seen at right angles to thi s orientation. Fracture dips are 

generally very high, mostly greater than 75° with feltl less than 60°. The 

orientation of the dominant fracture system is coincident \'lith the trend of 

the Cape Fold Belt, the strike of the major faults and the dominant grain of 

folding - the F2 episode. t·1ore attention is devot ed to this aspect in the 

section on groundwater flow directions and zones of high transmissivity. (p 

92) 
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CHAPTER 3 

GEOPHYSICS 

In order to detennine the nature of the subsurface geology of an area the 

investigator has two choices open to him; either drilling a borehole or 

utilizing one or more geophysical techniques. 

While a borehole is usually preferable in that it provides unequivocal data 

regarding stratigraphY, lithology and depths to water, and provides material 

samples of water or rock, or both, the costs of drilling have steadily 

increased to become almost prohibitive for all but the most deserving cases. 

Geophysical techniques, on the other hand, are comparitively inexpensive and 

rapid, and, as such, make it possible for far larger areas to be studied than 

would be the case with drilling. 

In this chapter, attention is given to the three geophysical techniques ~Ihich 

have been employed in the Algoa Basin and in the study area in particular. 

3.1 El ectrical Resistivity 

A number of recent investigations such as on the Cape Fl ats, (Meyer and de 

Beer, 1981) in the Omaruru Delta, (de Beer et al, 1981) and in Zul ul and 

(Worthington, 1978) have demonstrated the ~Iorth of utilizing electrical 

resistivity methods in the search for groundwater and the delineation of 

aquifers. During this project, 54 electrical resistivity soundings were 

carried out in an attempt to define the surface of the Table r~ountain Group 

where it is buried under younger sediments. 

3.1.1 Resistivity Theory 

The principle of electrical resistivity is based on Ohms La\~, mathem'ltically 

defined as; 

R = V.............................................. Eq. 1 

I 

where R = resistance ( SI unit = ohm) 

V = potenti a 1 di fference (SI unit = volt) 

I = current (SI unit = amp) 
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In order to apply this relationship to physical conditions it is necessary 1:0 

consider a semi-infinite solid medium with a uniform resistivity (1'). If a 

measured current (I) is introduced at hiO points, (A and B) on its sllrface; 

and the potential difference, (V) associated with this current, is measured 

across two other points ([1 and tJ) on the same surface, the potential at M ~lill 

be; 

Vr1 = (II'I 2,rl x (l/rl -1/r2) ....................... Eq.2 

and the potential at N will be; 

VN = (II'I 2rr) x (l/Rl - l/R21. ....... . .............. Eq . 3 

where r l = the distance from M to A 

r 2 = the distance from M to B 

Rl = the distance from N to II 

R2 = the distance from tJ to B 

The potential difference, V, measured across r~ and N is simply Vr" - Vw 

By subtracti ng Eq. 3 from Eq. 2 and sol vi ng for I' 

relationship is obtained; 

the following 

f' = 2 rr V 

1 

x 1 

This can be diagramatically illustrated as in Fig. 6. 

r<D : II r r2 
, r1 

'r-@-
A M N B 
, " 

, 

FIG. 6 ELECTRODE CONFIGURATI ON - SCHLUHBERGER ARRA Y 

Eq. 4 
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Eq. 4 will give a true resistivity only if the medium is homogeneous. If 

different 1 ayers are present, (as is almost always the case) an apparent 

resistivity will be obtained. 

If the electrodes are 1 aid out along aline and the separation between the 

current electrodes is increased ina systematic manner, the depth to \~hich the 

resistivity is measured ~lill increased accordingly. In a situation where 

layers of different resistivity are present, the value of the apparent 

resistivity \~ill vary as the electrode spacing is changed (Dobrin, 1960). The 

apparent resistivity is a measure of the effects of all the layers between the 

maximum depth of current penetration and the surface (Davis and de Wiest, 

1966). 

There are a number of drawbacks associated with the execution and 

interpretation of the electrical resistivity method. 

1. Electrolytic conduction (Davis and de Wiest, 1966), which is the 

conducti on of current by i nterstiti a 1 water \~ithi n the rock uni t, may gi ve 

rise to changes in apparent resistivity when a change in the conductivity of 

the water is encountered. Thi s may have nothing to do with a change in 

1 itho1 ogy. 

2. Use of the method is confined to areas away from influences such as 

power1ines, fences, railways, pipelines etc. These ~,;ll preferentially 

conduct the current and give erroneous results. 

3. In terrestrial geoe1ectrica1 prospecting, precision decreases rapidly with 

depth (Heiland, 1946). Accuracy can be maintained to a degree if, at ~Iide 

electrode separations, the current supply is increased. For portable 

instruments the maximum depth of penetrati on is about 500n (Da vi s and de 

Wiest, 1966). 

4. Hi gil contact resistances between the electrode a nd the ground may occur in 

areas of dry sand cover. In these cases it may become necessary to resort to 

copper-sulphate pots, increasing the number of electrodes, and moistening the 

sand with sa1t-\~ater . All these operations make the programme less portable 

and consequently, more expensive. 

The two most common electrode configurations are the Wenner and Sch1umberger 

arrays. During this project the latter was used as only the current (AB) 

electrodes have to be moved after each reading (Fig.6). This reduces 

electrode effects and allows clearer subsurface defi nition (Van Zij1, 1977; 

Smi th, 1982). 
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3.1.2 Data Collection 

The principal aim of the electrical resistivity programme was to determine the 

depth to the top of the Table Mountain Group. In order to achieve this, 54 

soundings were carried out. (For locations, see Fig. 3). Selection of 

sounding sites was largely dependent upon the availability of roads and fence 

1 ines, as the dense thornbush vegetation is virtually impenetrable. Thi s 

restriction may have led to a number of data errors, as the current may have 

travell ed preferenti ally along the fence wi res rather than through the earth. 

Maximum AB separations achieved were 1 500 metres with the majority 1 000 

metres or less. In most cases the sounding was deemed complete when the 

ascendi ng, fi na 1 porti on of the curve was defi ned by fou r poi nts. In some 

cases, hO\~ever, thi s \~as impossible due to either; 

(a) Cable limitations. Initially two 750 metre cables were available. After 

a number of cable breaks and suspected current leakage, these were replaced 

with two 500 metre cables. 

(b) Impassable terrain. Occasionally one of the electrode extensions ran up 

against an obstacle such as dense thornbush or a game-fence and the sounding 

had to be curtailed. 

(c) In suffi cient current. At 1 arge di stances, and especi ally \~hen the 

contact resistance was high, the two 12 volt batteries seemed incapable of 

delivering enough amps for a potential difference to be measured across the MN 

electrodes. 

In all cases, the data obtained were entered onto the pre-prepared tabulated 

sheets in the field . The apparent resistivity was then calculated and the 

data plotted on standard 62,5mm bilogorithmic graph paper with the apparent 

resistivity on the Y-axis and the distance AB/2 on the X-axis. This enabled a 

qualitative estimate of the geoelectric nature of the earth at that sounding 

point to be made, and provided information on whether to increase the AB 

separation or not. 

The cal cul ati ons were subsequently checked a nd the poi nts plotted neatly and 

accurately. Interpretations were made following the procedures outl ined by 

Smith (1982). The theoretical and field data were then compared using a 

computer modell i ng techni que (Ghosh, 1971), and suitabl e adjustments made 

until a satisfactory fit, agreeing with geological data, was obtained. 
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Typed field-data sheets and the computer-morielled curves with interpretations 

are included as Appendix 2. 

3.1.3 Data Interpretation 

Interpretation of the 5ch1umberger electrical resistivity curves, centres 

around the matching of the field curves to a set of standard curves in order 

to arrive at values for the relevant Dar Zarrouk parameters. The parameters 

are longitudinal conductance, (5) where the layer in question has a lower 

resistivity than those above and below it and transverse resistance, (T) when 

the opposite is the case. The variables can be expressed as functions of 

layer thickness and resistivity in the following manner; 

5 = thickness / resistivity 

T = thickness x resistivity 

(de Beer et a1., 19B1; Van Zij1, 1977) 

Each of the standard curves represents, at the most, three layers. The first 

step, therefore, is to divide the field curve into 3-1ayer segments . Each of 

these segments will be one of four types; (Fi g. 7) 

K 

H 

Depth Depth 

FIG. 7 TYP~S OF } - LAYcR CURVES 
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(a) H - type curve. In this case the middle layer has a lower resistivity 

than both the layers above and below it. 

(b) K - type curve. Here, the opposite is true, where the middle layer has 

a higher resistivity than those above and below. 

(c) A - type curve. The mi dd1 e 1 ayer has a resi sti vity hi gher than the 

layer above it, but lo\~er than the one below it. 

(d) Q - type curve. The middle layer has a lower resistivity than the one 

above, but hi ghe r than the one below. 

Each 3-1 ayer segment of the soundi ng curve is then matched to one of the 

theoretical curves in Joubert, (1977), and the relative S or T value 

calculated for each layer. 

As both Sand T are dependent on resistivity and thickness, it is necessary to 

know one of these val ues if an accurate estimate of the other is to be 

obtained. The resistivity can normally be estimated to a fair degree from the 

graph and the thickness then calculated. This, however, is not the optimum 

solution as factors such as equivalence and suppression can provide problems 

\~hich cannot be resolved without the drilling of correlation boreholes. The 

principle of equivalence concerns those formations which are either conductive 

or resistive in relation to the over and underlying formations while 

suppressi on re1 ates to formati ons possessi ng i ntermedi ate resi sti viti es 

compared to the adjacent formations, (Worthington, 1978). 

The drilling of a number of correlation boreholes is necessary so that a value 

for one of the variables (thickness or apparent resistivity), is obtained. 

Thi sis normally thickness, although when a boreho1 e only parti ally penetrates 

a geoelectric horizon, the use of dO\~nho1e logging instruments may yield a 

value for apparent resistivity, enabling the thickness of the relevant 

formation to be calculated. 

3.1.4 Discussion of Results 

The interpreted curves are presented, along with the field data as Appendix 

3. A rather large variety of eleven different curve types was encountered 

although four multilayer curves accounted for 74% of the soundings. The 

different curve types are presented in Tab1 e 2 along with the number of layers 

and the frequency of occurrence. 
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Cu rve Type Number of Layers Freguency (out of 54) 

QHA 5 12 

HA 4 11 

QH 4 9 

HKH 5 8 

HAA 5 4 

QHKH 6 3 

H 3 2 

KH 4 2 

KQH 5 2 

HKHA 6 1 

QQH 5 1 

Table 2. Freguency of Occurrence of Curve Types 

Of the 54 soundings carried out, the interpretations reveal that 30 have a 

final layer with an apparent resistivity of greater than 100 ohm - metres . 

I'lith a few exceptions this has been accepted by the author as indicative of a 

Table ~lountain Sandstone basement ie. highly resistive quartz arenite. The 

remaining 24 soundings have the resistivity of the final layer ranging in 

value from 12 to 70 ohm - metres. In most cases this is ascribed to a very 

deep basement where the current electrode spacing was too small. In other 

situations, the basement is thought to be the rocks of the Bokkeveld Group and 

in a few instances, it appears as if the apparent resistivity of the TI>lS is 

lower than normal. This may be due to weathering or intense fracturing. 

Table 3 lists the soundings with 101. final-layer res isti vities and attempts to 

justify them on the basis of geology and/or limitations in field - procedure. 

Sounding Number 

1/3 
1/4 

2/1 

1/11 

2/6 

(12 ) 

( 20) 

(20) 

(1 5) 

( 30) 

Reason for low, final layer apparent 

resistivity 

Basement is Bokkeveld, not Table ~lountain Sandstone. 

Basement is Bokkeveld, not Table Mountain Sandstone. 

Basement is BOkkeveld, not Table Mountain Sandstone. 

On downthrow side of Uitenhage Fault. 

On downthrol'/ si de of Uitenhage Fault. 



15 

16 

17 

19 

25 

32 

36 

40 

41 

8 

3 

5 

6 

7 

14 

20 

24 

29 

31 

(40) 

( 30) 

( 30) 

( 20) 

( 22) 

(20) 

(1 2) 

(1 5) 

(14) 
( 35) 

( 35) 

( 18) 

(70) 

( 25) 

( 20) 

( 50) 

( 30) 

( 30) 

(50) 
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TI··1S too deep for available electrode spacing. 

11>1S too deep for available electrode spacing . 

TMS too deep for available electrode spacing. 

1r~S too deep for available electrode spacing. 

11>1S too deep for available electrode spacing. 

J1.1S too deep for available electrode spacing. 

TI~S too deep or Bokkeve1d basement. 

TMS too deep or Bokkeve1d basement. 

TI,1S too deep or Bokkeve1 d basement. 

800n AS Separation. Possibly too short. 

Final layer is low resistivity TI'1S. 

Fi na1 1 ayer is low resi stivity TMS. 

Final layer is low resistivity TMS. 

Fi na1 1 ayer is low resi stivity TMS. 

Final layer is low resistivity TI~S. 

Fi na1 1 ayer is low resi stivity TMS. 

Final Layer is low resistivity TI~S. 

Fi na 1 Layer is 1 O\~ resi sti vity TMS. 

Final Layer is low resistivity TI1S. 

(Numbers in b rackets are apparent resi sti vi ti es in ohm - metres. ) 

Tabl e 3. Possible reasons for low apparent resistivity of final layer 

Near the coast, and particularly in the vicinity of the Coega Sa1tworks, the 

validity of some of the interpretations has come into serious doubt. Sounding 

nos. 33, 34, 37 and 38 ~lith final-layer resistiviti es of 200, 100, 200 and 200 

ohm-metres respectively, and with interpreted depths to basement of 124, 93, 

47 and 60 metres, are now considered to have given data leading to erroneous 

concl usions. Tne presence of salt-saturated c1 ays with extremely low apparent 

resistivities of the order of 1,0 ohm - metres is almost certainly responsible 

in that the relative resistivity of the underlying layers is greatly 

exaggerated (principle of equivalence). Borehole No. CM 6 which is currently 

being drilled on the site of Sounding No. 38 has reached a depth of 250 metres 

without intersecting basement, which, according to the geophysical 

interpretation should be at a depth of ar6und 47 metres. For the rest of the 

study area, from Coega wesblards, the resistivity survey has yielded fairly 

good results as a comparison of the geological and geophysical sections and 

Cretaceous isopach maps will indicate (Figs. 8-11 and 12 and 13). 
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One possible exception is Sounding No 2/5 where the interpreted depth to the 

final layer which has an apparent resistivity of 100 ohm metres, was 25Bn. 

This value does not appear possible as the sounding is sited on the downthrow 

side of the Uitenhage - Coega Fault where the depth to TMS is in the order of 

1000 metres (see section on seismic reflection, p 36). There could be an 

error in data collection, interpretation, or the value for the final layer 

could be a geological phenomenon related to the fault. 

TI~o exploration boreholes were drilled on Sounding Sites 6 and 9 for, among 

other things, correlation between geology and geophysics. The results were 

very encouraging with borehole \~F 35 (on Site 6) intersecting TMS at 125 

metres (geophysical depth was llQ-n). Borehole RH 39 (on site 9) intersected 

TMS at 137 metres (geophysical depth was 130 metres). From these figures and 

data from 0 ther sites with borehol es f ai rly close by, it was deduced that, on 

average, a correction factor of 1,1 shoul d be appl ied to the geophysically 

interpreted depths. 

For the purpose of this investigation 1 ittle attention I'las paid to the 

correlation between geology and the various geoelectrical boundaries within 

the Cretaceous sediments. The reasons for this are twofold. 

1. The study is primarily concerned with the Table Mountain Group although 

the geohydrological properties of the Cretaceous, principally as an aquiclude 

are appreciated. 

2. The d i sconti nllous nature of the sandstone hori zons in the Cretaceous, 

their relative thinness, the large distances between sounding sites and the 

lack of sufficient reliable borehole data makes correlation difficult, if not 

impossible. 

A comparison between the geophysical interpretation and geological log of 

borehol e RH 39 (Soundi ng No 9) does reveal that there is an increase in 

apparent resistivity at about 30 metres - roughly the base of the boulder and 

sandy horizons and the top of the clays. A similar correlation can be made 

with borehole WF 35 and Sounding No 6. Here, there is an increase in apparent 

resistivity at about 27 metres from 10 to 15 ohm - metres. This coincides 

with the base of a 7 metre thick sandstone horizon at 30 metres . In these 

instances, the relationship between geology and geophysics suggests that 

geoelectric methods could be used to map the Cretaceous sediments . In the 

author's opinion, however, the sounding density would have to be drastically 

increased, (to the order of about 100 metres between sounding sites) and 

geological control (by means of boreholes) 110uld have to be greatly 

intensified. 
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The geological/geophysical sections, and isopach maps of the Cretaceous, 

(Figs. 8-13) are sel f-explanatory and reveal a good degree of correlation 

except for the abovementioned coastal section. 

Finally, it is important to note that most of the interpretations reveal the 

existence of a thin top layer of highly resistive material. This is probably 

dry sand, or topsoil with little or no moisture content, and could be 

responsible for a number of small data errors, where the high contact 

resistance between electrode and earth led to erroneous current and voltage 

measurements. 

3.2 Seismic Reflection 

Seismic reflection is based upon the propagation of elastic waves in the earth 

and their reflection due to changes in the earth's velocity - density 

distribution (Sengbush, 1983). 

Elastic waves travel with different velocities in different rock'.;. The 

principle of seismic reflection is to initiate such waves at a point and to 

determine, at a number of other points, the time of arrival of the energy 

reflected by the discontinuities between different rock formations. This then 

enables the position of the discontinuities to be calculated (Parasnis, 1972). 

The seismic record comprises a series of '\~iggles" running vertically, each 

corresponding to one sampling point. In the VAR (Variable Area) display 

depicted on Fig.14A, one side of each wiggle has been blacked out. Reflection 

signals are recognised by the lining up of troughs and crests on the adjoining 

traces across the record. 

A detailed seismic reflection survey was carried out over the entire Al goa 

Basin onshore ~rea by SOEKOR in 1976. A portion of the basement contour map 

covering the Uitenhage - Coega area is presented on Fig . 15. Line A-17 was 

chosen to illustrate the nature of a seismic section (Fig.14 A) and a partial 

interpretation of this section is shown on Fig. 14 B. Here, the displacement 

of a major reflective horizon, (the top of the 1MS) can be clearly seen across 

the Coega Fault. Discontinuous horizons, probably representing sandstone beds 

withi n the Kirkwood Fm. can be seen above the n·1S. 

The seismic data suggest a south-dovmthrOl'1 of about 1000 metres for the Coega 

Fault. This, hOI,eve r, is not substantiated by data from borehole ST 1/71, 

vlh i ch i nt ersected Ti~S at 1753 metres below the s eismic datum, effectively 

giv i ng a downth row of about 1500 metres. Beari ng th i s in mind, the basement 

c ontoll rs on Fi g. 15 may be an u n d~ re stimate of the true depth to basement . 
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The contour data south of the fault indicate a fairly uniform dip of about 5° 

to the north, fo r the top of the 1MS. North of the fault, the shall ow-1yi ng 

Coega Ri dge is c1 early recogni sab1 e by the contours. 

3.3 Gravity 

Gravimeters give the gravity difference (b. g) between an observation point and 

a base poi nt . Appropri ate correcti ons i nvo1 vi ng 1 ati tude, topography and 

elevation must be applied to reduce these differences to standard conditions. 

The corrected A g - values are called Bouguer anomalies and are expressed in 

the unit mi.lliga1s (Parasnis, 1972). 

A detailed gravity survey of the entire onshore portion of the Algoa Basin was 

conducted by the Geological Survey in 196B. A residual gravity contour map of 

the study a rea and surroundi ng regi on is presented on Fi g. 16. T~lo 

geophYsical profiles, (X-X' and Y-Y') along with the respective models of the 

basement geometry are also included (Fig. 17). 

The area of shallow-lying and outcropping n,lS is clearly represented by 

relatively high gravity contours, (above - B milliga1s). To the north-east, 

\~here the basin deepens considerably, the residual gravity drops to -lB 

milliga1s, and, beyond the borders of Fig. 16, to -26 milliga1s. 

Thi s refl ects the hi gher densi ty of the conso1 i dated Tab1 e 1·10untai nand 

Bokkeve1d Groups, as compared with that of the Uitenhage Group and provides a 

useful means for delineating the extent and depth of the basin. 
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CHAPTER 4 

Dri 11 iJ:)g 

4.1 Reasons for Dri 11 i ng 

"The surest ~Iay to learn the character of the formations beneath the earth's 

surface, is to drill through them, obtain samples while drilling and record a 

log of the borehole" (Johnson, 1972, p 159). Although a large number of 

boreholes have been drilled throughout the study area, very few have reliable 

borehole logs regarding stratigraphy, water-bearing formations, water yields 

or hydrochemical changes. In addition, most are located in positions which 

are unfavourable for the executi on of res i sti vity work, a factor ~hi ch makes 

very few suitable for correlation between geology and geophysics. For these 

reasons, the Division of Geohydrology gave permission for three exploration 

boreholes to be drilled within the study area. These boreholes, RH 39, WF 36 

and C~i 6 were sited on resistivity sounding centres Nos.9,6 and 38 

respectively. Sites 9 and 6 were chosen for two main reasons; 

1) The conditions for resistivity ~Iork Vlere thought to be very favourable 

with relatively large AB electrode spacings possible, and little 

interference from felice Vlir'es and other conductive materials . The 

geological/geophysical correlation was therefore hoped to be as true as 

possible. 

2) Both sites were re 1 ati ve ly close to the mi ddl e of the Coega Ri dge with 

site 9 some 7 kilometres from the Uitenhage Springs and site 6 about 

14. Both holes were expected to intersect HIS at ali ttl e over 100 

metres which is reasonably shallow for the area, and in both cases 

access for the drill ing rig was no problem. With borehole C~i6 being 24 

kilometres from Uitenhage Springs it was planned that the available 

boreholes would give as much information as possible on the Coega Ridge, 

from recharge area to the sea. The rel ative shallowness and 

accessibility of RH:)9 and \JF35 were important in terms of time and money. 
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Borehole CH 6, (sounding centre No. 38) was sited for some~lhat different 

reasons; 

1) Although previous seismic reflection work suggested a basement low in the 

area between Coega Kop and the sea (Fig. 15), the resistivity work gave 

some very strange results with an apparent resistivity of 200 ohm-metres 

for the final layer of Sounding no.38. This, as is discussed in section 

3.1.4 has now been ascribed to the effect of salt-saturated clays. It 

was hoped that the borehole would help explain this phenomenon. 

2) 140 borehole dri 11 ed be tween hole no. SK7 and the sea has ever intersected 

H1S and it was hoped that th i s one woul d do so. Apa rt from provi di ng 

valuable samples for hydrochemical analysis, and especially for isotope 

dating, a H IS intersection would fix the basement depth between the 

outcrops of Coega Kop and Jahleel Island. 

In addition to the three exploration boreholes allocated to the project, 

valuable information was gained by utilising data gleaned from boreholes 

drilled for private individuals. Of particular importance here are the four 

holes drilled on 'Portions 13 and 14 of Rietheuwel (see Fig. 3A). Geological 

logs for these seven holes are i ncl uded as Appendi x 4 along I'li th data 

regarding borehole construction, water quality and yields . 

4.2 r·jethods Employed for Drill ing and Sampl ing. 

All three of the exploration boreholes were drilled by means of the cable-tool 

percussion method. This involves the regular lifting and dropping of a heavy 

string of tools in the borehole. The drill-bit breaks or crushes the rock 

into fragments. These are then naturally or artificially mixe d with water to 

form a slurry which is periodicall y removed by bailing. 

Sampling was carried out in the following manner: Rock samples were taken by 

the driller at one metre intervals and placed in labelled packets to await the 

geolog i st. Wherever possible, a washed and unwashed sample was taken to 

facil itate accurate i dentifi cati on, as ~Iashed sampl es tend to un deresti mate 

the amount of fi ne materi a 1 ori gi na lly present. Contami nati on di d cause a 

fel'l problems but was generally of 1 ittle concern. Water samples were 

co 11 ected at regul ar i nterva 1 s (normally 5 or 10 metres) and the TDS 

calcul ated from the electrical conductivity. It is feared th a t contaminati on 

pl ayed a more im po rtant r ol e he re and di ssol ved so l i ds contents shou l d be 

vi ewed with some c ircumspecti on. 
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The four private boreholes were drilled using the rotary air percussion 

method. This technique employs compressed air as the drilling fluid and for 

delivering rapid piston-like blows to the down-hole hammer bit. The bit chips 

and crushes the rock which is then blown to surface by the released compressed 

air (Johnson, 1972). This method is far quicker that the cable tool method 

but can only be used in hard, consolidated formations where caving of the hole 

does not occur. 

Rock and water samples were collected, not by bailer as previously, but by 

sampling the material blown out of the top of the hole. Rock samples were 

collected every metre but water samples only where measurable water was struck. 

On completion of the various boreholes, those that were to be used for 

production were fitted with PVC casing and the dry holes were allowed to 

collapse . Two of the exploration holes (RH 39 and WF 35) will be fitted with 

permanent water level recorders and C~l 6 (when it is completed), will be 

seal ed with cement to prevent any further 1 eakage of a rtes ian vlater. 

4.3 Results of the Orilling 

4.3.1 Borehole WF35 (G 35739) See Appendix 4 for Log 

Resistivity data indicated a depth of 110 metres to the top of H1S which was 

actuall y intersected at 12~ metres. The lithology of the Cretaceous rocks, 

comprised predominantly multicoloured clays with three sandstone horizons 

(maximum thickness was 7 metres) and a boulder horizon . Very weak water was 

intersected at 25 metres . This Vias of poor quality (3300mg/l). A stronger 

flow ~Ias encountered in the H iS (l,2 l/sec.), but the quality remained poor 

even after 2 hours pumping. As the hole was drilled primarily as a 

stratigraphic and correlation borehole, no attempt was made to drill deeper 

into the Tf.1S to increase the yield. 

4.3.2 Borehole RH 39 (G35740) See Appendix 4 for Log 

H1S was intersected at 137 metres, s 1 i ghtly deeper than the interpreted 

resistivity depth of 130 metres. The geology once again comprised mainly 

clays of the Kirkwood Formation (86%), with two narrow sandstone horizons and 

tlyO boulder beds (one of 8 metres). Both sandstones yielded very weak water 

and no increase was recorded when the HiS was intersected . As with borehole 

WF 35, the yielG and quality could probably be drastically improved by 

deepening the hole and seal ing off the water from the overlying Cretaceo us 

seai lilents. 
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4.3.3 Borehole CM 6 (G 36201) See Appendix 4 for Log. 

Resistivity interpretations of sounding no.38 indicated the presence of a 

geoelectric horizon with a high apparent resistance of 200 ohm-metres some 47 

metres below surface. The hole is at present incomplete, but at 250 metres 

has still not intersected TNS. As this borehole is situated immediately 

adjacent to the Coega Saltpan, it has been suggested (section 3.1.4), that the 

salt-saturated cl ays near the surface may have acted as a zone of extremely 

hi gh conductivi ty, exaggerati ng the resi stance of the aeeper horizons where 

fresh water is present. 

Lithologically the borehole consists mainly of clay with many thin, 

interbedded sandstone bands. The qual ity of the water intersected up ti 11 

150 metres was extremely bad, reflecting inflow from the salt brine. At 150m, 

ho\;ever, fresh artesian water was intersected and the overall qual ity improved 

dramatically. Chemical analysis of this artesian water indicates that, in all 

probability, it is derived from the TI,lS. It is suspected that the water 

entered the borehole through a system of interconnected, permeable sandstone 

horizons withi n the Cretaceous after being forced upwards under artesi an 

pressure. 

Dri 11 i ng conti nuea to 2bOm ~Ihere it was temporarily suspended because of 

severe sidewall caving . An attempt was made to cement the section below the 

casing but this was unsuccessful when the cement failed to harden. 

The hole is at present flowing at about 0,2 l/sec. and the water quality is 

good. For these reasons it is consi dered by the author to be important to 

determi ne the ori gi n of the water and dri 11 i ng shoul d conti nue. I n the 

meantime the valuable geological information so far obtained has indicated 

that all the resistivity results in this part of the study area should be 

viewed with suspicion. A comparison between the isopach maps drawn up on the 

basis of resistivity and geology (Figs. 12 and 13 respectively), reveals the 

great disparity in this area. 

4.3.4 Private Boreholes - RH 31, RH 34, RH 35, R 36 See Appendix 4 for logs 

Borehole RH 31 was drilled as a replacement for RH 1 - a badly leaking 

borehole which had to be sealed with cement from top to bottom. TIIS was 

intersected at 71 metres after a sequence of clays mUdstones and siltstones. 

The borehole is at present flowing at 1,21/sec. and has been yield tested at 

8,9 l/sec. PVC casing has been grouted in and the borehole has been fitted 

\-lith a control valve in case it becomes necessary to restrict tile floVI of 
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Boreholes RH 34 and RH 35 were dry holes which had failed to intersect HiS at 

their final depths of 98 and 202 metres respectively. All the casing has been 

removed and both have collapsed. 

Borehol e RH 36 was drill ed to replace RH 24 and was successful in tha t HIS ~Ias 

intersected at 108 metres, and a good yield of good quality water obtained. 

This borehole is currently flowing at 1,9 l/sec and has also been cased with 

PVC. 
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CHAPTER 5 

Aquifer Testin.!l 

5.1 General Theory 

A pumping test may serve two main objectives; 

a) I t may be performed in order to determi ne the hydrau1 i c 

characteristics of the aquifer. These may include variables such as 

Transmissivity (T), Storage (S) and Permeability. 

b) It may provide information about the \~ell itself. This may 

facilitate decisions on pump type to be used, depth of pump inlet, 

optimum discharge rate and pumping duration. 

Theoretically, the execution of a pump test is rather simple, involving the 

measurement of factors such as yield, drawdOlYn with time, and distance of 

observation point from abstraction point (Kruseman and de Ridder, 1970), In 

practice, however, problems, (particularly mechanical ones) frequently occur, 

making interpretations difficult. 

5.1.1 Constant Rate Pump Tests 

Constant rate tests are performed by pumping a borehole at a constant 

discharge rate and measuring the amount of drawdown in the pumped hole as well 

as in neighbouring observation holes. The appropriate time-discharge data are 

plotted along with the discharge rate and a variety of techniques are employed 

to arrive at values for the hydraulic properties mentioned above. On 

cessation of pumping the recovery of the ~Iater level is also measured, and is 

used as a check on the drawdown data. 

As the aquifer in question, the Table ~jountain Sandstone, is confined by the 

Cretaceous sediments and the flow is in an unsteady state, the methods of 

analysis of the constant rate pump test data are based on the work of Theis 

(1935), ~Iho developed the classic unsteady-state or The is equation; 
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s = (0/411'" T) W(u) ........................ . ....... . ........ Eq . 5 
where u = r2S/4Tt 

s = drawdown measured at a distance r from the pumped well 

0 = discharge 
S = coefficient of storage 
T = transmi ssivity 

t = time in days since pumping started 

W(u) is read as the well-function of u or Theis well function and is an 
exponential integral which varies with u. Values for W(u) are obtained from 
tables once u is known. 

The Theis solution is based on the following assumptions, (Kruseman and de 

Ridder, 1970); 

- The aquifer is infinite in extent. 

- The aquifer is isotropic and of uniform thickness (over the area 
affectea by pumping). 

- Prior to pumping, the piezometric surface is horizontal. 
- The discharge rate remains constant. 
- The pumped well penetrates the entire aquifer. 

In addition the following conditions should be met: 
- The aquifer is confined. 
- The flow to the well is in an unsteady state. 
- The water removea from storage is discharged instantaneously with 

decline of head. 

The di ameter of the pumped well is very small i. e. the storage in 
the well is negligible. 

These ideal conaitions are extremely rare (if not absent) in nature and the 

Tf.1S aquifer is no exception. Although for the purpose of the pump test, the 
aquifer may be considered to be of infinite extent, it certainly is not 

isotropic. The piezometric surface is considered to be virtually horizontal 

and the discharge rate is as far as possible kept constant. The aquifer is 
confined, but the well in no case fully penetrates the aquifer. However, the 
well diameter is small, flow is in an unsteady-state and for all intents and 

purposes, the ~Iater removed from storage is di scharged instantaneously with 
decline of head. 
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In spite of the 1 imitations imposed by the Theis assumptions, in the opinion 

of the author, an idea of the hydrau1 i c characteri sti cs of the aqui fer cou1 d 

still be gained. Hantush, (1962) has devised a solution for partially 

penetrating aquifers, based on the Theis equation, but this method requires a 

knowledge of total aquifer thickness and hydraulic conductivity of the 

aquifer, variables which at this stage are unknown. One severely limiting 

factor in the analysis of the data was the lack of observation boreholes. 

Only in the case of CK10-CKll was there an observation borehole present, and 

in this case the distance between the holes was probably too small for 

accurate results. 

With all these factors in mind, four different methods, all based on the 

original Theis equation were used in an attempt to analyse the data. 

5.1.1.1 Thei s 's t~ethod 

This technique involves curve matching, where a "type curve" of W(u) is 

plotted against l/u on double logarithmic paper. On another sheet of the same 

scale, drawdown (s) is plotted against t/r2. The data plot is then placed 

on top of the type curve and the positi on of best match is located. An 

arbitrary match point (A) is then selected (normally where the co-ordinates of 

the type curve are W(u) = 1 and l/u = 10). These values are then substituted 

into the following equations to solve for T and S. 

T = (Q/4 rr s)W(u) ........................................ Eq.6 

S = 4T (t/r2) u .................... .... ................... Eq. 7 

This methOd can only be employed where there is an observation hole available 

as it is dependent on the determi nati on of values for t/r2, where r is the 

distance between the pumped and observation ho1e(s). 

5.1. 1. 2 Chow' s ~iethod 

Chow (1952) developed this method, based directly on the Theis equation and 

subject to the same assumptions and conditions. The technique has advantages 

in that it avoids curve fitting and enables values for T to be calculated even 

when no observation borehole is present. 

For the borehole in question, whether it be the pumped or observation hole, 

drawdOl/n is pl otted against time with time on the log scale of single 

logarithmic paper. A point, A, is se l ected on tile curve through the plotted 

poi nts and a tangent to the curve is dravm througll A. Three val ues are now 
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SA = the drawdown value for point A 
A SA = the drawdown difference per log cycle 

tA = the time value for point A. 
The variable F(u) is now calculated according to the formula: 

F(u)=sA/AsA 

Knowing the value for F(u) the corresponding values for W(u) and u are read 
from tables. The values along with those for s,Q,t and r are then substituted 
into Eqs. 6 and 7 to solve for T and S. 

5.1.1.3 Jacob's Method 

The Jacob method (Cooper and Jacob, 1946) is also based on the Theis equation, 
avoids curve fitting and allows T to be calculated without observation 
holes. This technique is applicable only when the value for u is small i.e. 
less than 0.01. In the equation, 

u = r2 S/4Tt ........................... .. •.. . ......... ... .... Eq.B 

it is apparent that u will decrease as r is decreased and t is increaseO. 
The Theis equation (Eq. 5) can be rewritten as; 

s = (2.30 Q/4 ~ TI log (2.25 Tt/4r2/s) .. . .. .. .. ...... .. .... . . . Eq.9 

A plot, therefore of s vs. log t should form a straight line. This line 
is extenoea till it intersects the time axis where s = 0 and t = to' 
Substitution of these values into equation 9 gives the following: 

T=2.30Q/4IT"AS .. . . ....... .. ......... . ..................... Eq.10 

where to sis the drawdO\~n per log cycl e of t, and 

S = 2.25 Tto/r2 . ...... . . . . ... .... . . ............. . .... . . . .... Eq . ll 

To check for the val i dity of thi s method ( i. e. u 1 ess than 0.01) the values 
are substituted into Eq. 8 and a minimum pumping time, t, is calculated . A 
pump test must be of longer duration than this calculated time if the Jacob 
method is to be applicable. 
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5.1.1.4 Thei s's Recovery t-iethod 

The rise of water level on cessation of pumping can be measured as residual 

drawdown s" , i. e. as the di fference bebleen the ori gi na 1 ~Ia ter 1 eve1 pri or to 

pumping and the actual water level measured at a time, t" since pumping stopped 

(Kruseman and de Ridder, 1970). For calculation purposes, the rate of 

recliarge, 0 is taken to be equal to the rate of discharge 0 during pumping. 

Once again the assumptions and conditions of the Theis method should be 

satisfied. Where S is constant and u is sufficiently small, the residual 

drawdown is gi ven by; 

SOl = (2.30 0/4 IT T) log tit" ..........................•...•... . Eq.12 

For an observation hole or the pumped hole, SOl is plotted against tit" 

where t = time in days since pumping started and t" = time in days since 

pumping stopped. A straight line is fitted through the plotted points and, 

since the slope of tlie line is equal to 2.30 0/4 If T, the value of, AS", the 

residual drawdown difference per log cycle of tit" can be substituted into Eq. 

9 as follows: 

T = 2.30014 ITA SOl 

It should be noted that, with this method, no value for S can be obtained. 

5.1.2 Variable Rate Pump Tests (Step Tests) 

"A step drawdown pumping test is one in which the drawdown in a borehole is 

observed while the discharge rate is increased in steps" (Clarke, 1977, p 

125). The step test was devi sed by Jacob (1946) in order to sol ve the 

equation; 

sw = BO + CQn (n approxi mately = 2 ) 

where sw = drawdown 

0 = discharge 

B = aqui fer loss factor 

C = well loss factor 

The step drawdown test can also be used to determine the trasmissivity (T) of 

the aquifer and to estimate the storage coefficient (Eden and Hazell, 1973). 

During the pump-testing pro9ramme, three me thods ~Iere used in dete rmini ng the 

well loss factor (e), the aquifer loss factor (B) and the transmissivity (T) . 
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5.1.2.1 Jacob's Method 

Jacob (1946) recognised the following general relationship between Band C, 

the two components of drawdown mentioned above; 

sw = BO + C02 ................................................. Eq. 13 

He also developed the following general equation for the well loss factor 

c: 

c= .............•.....••................•. Eq. 14 

This equation can be solved graphically as depicted in the Jacob analyses 

in Appendix 5. The increments of drawdown are determined by plotting 

drawdown versus time on semi log paper with time on the log axis. The line 

through the data of each step is extended forward to the end of the 

succeeding step and the incremental drawdowns and discharge rates from 

adjacent steps are substituted into the general equation to evaluate C 

(Clark, 1977). 

5.1.2.2 Bierschenk and Wilson's ~lethod 

By dividing Eq. 13 throughout by 0, Bierschenk and Wilson (1961) derived 
the equation; 

sw/O = B + CO ... . ........................•..•.•............... Eq 15 

The arithmetic plot of sw/O (specific drawdown) against 0 (discharge) 

will, therefore, be a straight line with a slope of C and a V-intercept of 

B. The increments of drawdown are determined in the same way as for 

Jacob's method and the total drawdown for each di scharge ra te is the sum 

of the incremental drawdowns for all the discharge rates up to and 

including that step. A good example of this method is provided by the 

data for borehole RH 31 presented in Appendix 5. 

The Bi erschenk and Wi 1 son specifi c drawdown - di scha rge plot can a 1 so be 

used to estimate transmissivity (T) by utilizing the Thiem (1906) equation; 

T = (2.30/2" sw) log ri/rw 

where ri = radius of influence of the well 

rw = effective well radius 

.......................... Eq. 16 
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As Q and sw can be measured, an estimate must be made of ri/rw. Experience 

has shown (Clark, 1977), that log ri/rw is about 3.3. The Thiem equation will 

therefore reduce to: 

T = 1.22 Q/sw . .............. ... ............... ...... Eq.17 

As B = sw/Q, 

combining Eqs. 17 and lB; 

T = 1. 22/B 

5.1. 2. 3 Hazell's r~ethod 

................................ . .. .. .. Eq. 18 

... ......... . .. •... ....... ........... . Eq. 1 9 

Hazell's (1973) analysis requires the reconstruction of the true drawdown 

discharge-rate curve for each step. This is accomplished by plotting the data 

on semi-log paper and using the incremental drawdown data to plot each point 

for each succeeding step. 

The transmissivity is calculated by substituting the mean values for discharge 

(Q) and incremental drawdown per log cycle ( b sw) into Eq. 9 as follows: 

T = 2.3Q/41f"b.sW 

5.2 Results 

The results of the pump test programme are presented in Table 4. In order to 

evaluate both the well and aquifer characteristics, the various parameters 

will first be discussed individually. Attention will then be paid to a number 

of tests where the results were unsuitable for detailed analysis. A synthesis 

of all the results will complete the chapter. The graphical solutions to the 

pump test data are presented in Appendix 5. 

5.2.1 Aquifer Loss Factor (B) 

"The aquifer loss is that part of the draw down caused by resistance to laminar 

flow within the aquifer" (Clark, 1977, P 125) . Calculated results for B were 

generally disappointing with only borehole RH 31 yielding satisfactory 

values. The Bierschenk and Wilson (B & W) method enables the value for B to 

be read directly from the plot (the V-intercept of the best-fit straight 

line), while the Jacob method requires substitution of values into Eq. 13 to 

solve for B. 
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RH J1 Jacob step!! 1 • 2 
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Haull 

B , '1/ 

eK 10 Jacob eteps 1 • 2 

2 • , 
, . -

Huell 

B • W 

CK " Jacob steps 1 & 2 
2 • , 

J & 4 
Hazell 

B & W 

BA 1 Jacob steps 1 & 2 

2 & , 
J & 4" 

Hazell 

B • W 

Constant Rate Teste 

Borehole tlo. H~thod of AnalYsis 

B 

C 

T 

S 

Ra " 
CK 10(p) 

CK 10(0) 

SA 1 

Theis Recovery 

Jacob 

Chow 

Jacob(1) 

Chov(1) 

Jacob(Z) 

Chov(2) 

Jacob 

Jacob 

Cho.., 

Theis 

Jacob 

Chov 

The 1.11 Recovery 

RH 17 Jacob 

Cho.., 

= Aqu ifer loss factor 

= Well loss factor 

= Transmissivity 
= Storage coefficient 
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B .£ T 

',95 x 10- 2 7,18 x 10-5 6J mt / da1 

2,24 x 10-2 6,70 x 10-5 5- a' / day 

-2,56 x 10- 1 4,40 x 10-- -5 m' / day 

67 .' / day 
2,00 x· 10-2 7,06 x 10-5 61 rAt / day 

6,60 x W- 4 2,50 x 10-6 18_8 m' / day 

4,39 x 10-' -0,90 x 10-6 278 .t / day 

-1,75 x 10-1 1,49 x 10-- -7 m'l da,. ,,- .' / da,. 

6,80 x 10-- 2,45 x 10-6 179_ .' I day 

.. 1,90 x 10-4 4.10 x 10-6 -6421 fA' / day 

"9.09 x 10-' 1,11 x 10-5 -1,4 a'l da,. 

-2,07 x 10-2 1.88 x 10-5 -59 m' / day 

69 .. ' / da,. 

invalid ... negative Y-intercept 

8 _2 -1,9 x 10 2,43 x 10-5 - 62 m'l da,. 

2,02 x 10 -2 -7.50 x 10-6 60 'lA1 I day 

',80 x 10 ... 1 -1.52 x 10-5 7m'/da,. 

59 m' / day 

invalid ... negative Y-intercept 

T S 

5.4m' / day 

34m' / day 

33111' I day 

176m'l day ',50 x 10-2 

174m' / day 1,62 x 10 ... 2 

33m' / day 2,56 x 10-2 

24111' I day 2,48 x 10 ... 2 

26111' / day 

24111' I day 

186m' / day 1,50 x 10-2 

183/11' I day 1,56 x 10-2 

227m'/ day 1,07 x 10 -2 

33en'I day 

3311l' / day 

27/11' I day 

382ml I day 

3821D1 I day 

B & W = Bierschenk and Wi 1 son 

(p) = Data from pumped hole 

(0 ) = Data from obs. hol e 

Table 4 Aquifer test results 
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Boreho 1 e RH 31 shows good agreement behleen the values deri ved by the B & W 

method and those obtained during the first three steps of the step drawdown by 

the Jacob method. The negati ve val ue of -2.56 x 10-1 obtai ned for the 1 ast 

step has been attributed to pump inefficiency at high discharge rates and 

discarded. This can be seen graph i cally on the discharge versus specific 

drawdown plot (Fig. 18) where the last pOint falls well away from the straight 

line through the others. 

The pump test data from borehole CK 10 exhibit good agreement between the 

B & W ana lysi s and the Jacob ana ly si s for the fi rst two steps . The values, 

however, are considered to be too low, leading, as will be seen later, to 

excessively high values for T. The Jacob analyses of the 2nd, 3rd and 4th 

steps resulted in widely differing values and are considered unreliable. 

The analyses of the CK 11 pump test data are characterised by all the values 

for B being negative. The B & W method was not utilized as the V-intercept of 

the straight line fell at -2 . 4 x 10-3• The negative values may possibly be 

explained as follows; 

Let Eq. 13 be rearranged to solve for B. 

B = S~I/O - CO 

As 0 is constant, a negative value for B can arise only if sw is too small or 

if C is too large. C is computed from values for 0 and sw (Eq. 14). It is 

therefore apparent that too little drawdown for the corresponding abstraction 

rate is the cause of the negative B-value. Boreholes CK 10 and CK 11 are both 

artesian in nature and have a history of leakage into the overlying formations 

and, on occasions onto the surface . Neither of the holes has been cased from 

the TI'IS aquifer to the surface and it seems likely that this upward leakage is 

continuing . On commencement of pumping, the level of water within the 

borehol e drops and the water contained i n the upper 1 ayers flows, under 

gravity, back into the hole. This inflow of water re sults i n an 

underestimation of the drawdown and correspondingly, a negative value for B. 

In time this \~ater becomes used up and natural conditions prevail. This i s 

substantiated by chemical analysis; after 10 minutes pumping of CKll, the 

water had a TDS content of 205mg/l . After 30 mi nutes thi s had dropped to 

118mg/l. A similar phenomenon was noted at CK10. The r echarge via the 

borehole itself will be further discussed in the section on transmissivity, (p 

60) . 

The data from borehole BAl has also resulted in some strange values for B. 

The J ac ob analysis of steps 2 and 3 lea ds t o a r ea sonable f i gure of 

2 . 02 x 10- 2 . This is i n close agreement with steps 1 a nd 2 except t hat the 
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9 
BOREHOLE NO. RH 31 

STEP DRAWDOWN TEST 
0 

8 

7 

6 

5 

4 

3 

2 • - --- - - - - - - -- - --- ------ - ------ ---- ---- - - -- -------------- -------------

100 . 200 300 400 500 600 

DISCHARGE RATE (0) (m'J Day) 

BIERSCHENK AND WILSCN ANALYSIS 

Well los. factor (C) = Slope = 7,06 x 10-5 

Aquifer loss factor (B) = Y"'intercept = 0,02 

Dr."do"n (S ... ) = 0,02 Q + 7,06 x 10-5 Q2 

Tran5~lssiv1ty (T) ~ 1.22/ B = 61 mil day 

700 

FIG. 18 BH. RH31 SPECIFIC DRAWDO,IN _ DISCHARGE PLOT 

800 
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latter is negative. The analysis of steps 3 and 4 gives rise to a B-value 

which is considerably higher than most of the others although similar to those 

at higher pumping rates in RH 31 and CK 10. The initial negative value may 

once more, be the result of water flowing back into the borehole. At borehole 

BA 1, some do~mho 1 e flow is known to occur although the degree to whi ch the 

drawdown was affected was, until now, not fully appreciated. With the first 

step bei ng affected by return fl ow and the fourth by the effects of pump 

inefficiency, the value for B as derived from the 2nd and 3rd steps will be 

accepted. 

5.2.2 Well Loss Factor (C) 

"The well loss results from resistance to turbulent flow in the zone adjacent 

to the well, and through the screen" (Clark, 1977, p 125). In deep wells, an 

additional component of well loss is the frictional head loss during flow up 

the well. C was calculated in two different ways; by substitution of values 

into Eq. 13, (Jacob Method) and by determining the slope of the straight line 

in the sw/Q versus Q plot (Bierschenk and Wilson method). The results are 

presented in Table 4. 

As with the determination of B, borehole RH 31 yielded the best results, with 

a convincing value for C of about 7,00 x 10- 5 . Using this value (actually 

6,92 x 10-5 ) and a value of 2.0 x 10- 2 for B, a theoretical curve of 

dral-Idown versus di scha rge was constructed (Fi g. 19). Thi s compared very well 

with the actual field data proving that, in this case the Jacob relationship 

(Eq. 13) is app 1 i cab 1 e, and that the turbul ent component is a second order 

function of well discharge ((-iiller and Weber, 1983). Once again, at higher 

discharge rates, the results deteriorated and the value for C calculated for 

the final step should be ignored. 

Table 5 illustrates how the efficiency of borehole RH 31 decreases with 

increased discharge, i.e. as the flow becomes more turbulent and C begins to 

playa gr'eater role. 

Analysis of the CK 10 data once again provided some contrasting results. 

Those from the 1st and 2nd steps and the B & W analysis agreed well and it is 

these that wi 11 be accepted as val i d. A nega ti ve value for the 2nd and 3rd 

step data and a high, C = 1,49 x 10-4 for the 3rd and 4th steps has resulted 

in thes e being ignored. 
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Discharge Q (m3/day) Well Efficiency 

100 74% 

200 59% 

400 42% 

600 32% 

800 26% 

1000 22% 

2000 13% 

5000 5% 

Table 5 Well Efficiency - Bh. RH 31 

It is suspected that casing recharge with water from upper level strata has 

affected the determination of C for borehole CK 11. There is, however, a 

measure of agreement among the val ues derived from the different steps and a 

mean value of 1,13 x 10-5 will be accepted for this borehole. 

The borehole BA 1 data has led to a Hide range of values for C. In their 

present state these results are of little value and corrections will have to 

be made if any use is to be made from them. The disparity in values from BA 1 

may once again be the result of flow of water into the well from the surface 

or it may be a reflection of the non-validity of the Jacob equation in this 

particular case. 

In spite of some of the calculated values for C being obviously incorrect, 

most are sufficiently similar for there to be a general figure for boreholes 

in this area pumping from a similar depth. As all these tests were conducted 

11ith the pump at 60 metres, it is suggested that for similarly constructed 

boreholes, a value of C = 6,5 x 10-5 be utilized. This compares favourably 

with a figure of 1,2 x 10-5 for a borehole in the neighbouring Kruis River 

area (Bush, 1983). 

The calculation of the well loss factor is vital in those cases ~ihere no 

observati on hol es are present and where transmi ssi vity is cal cul ated from the 

drawdown in the pumped well. As the drawdown comprises well loss and aquifer 

loss, tile effect of the well loss must be calculated and the data corrected to 

yield the true draHdoHn. Ignoring well losses leads to an underestimation of 

T (Clark, 1977) . Assuming that all the boreholes and the aquifer obey the 

Jacob equation, corrections may be made in the following manner. 
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Example RH 31 sw = 26,4 m 

0 = 485 m3/day 

C = 7,2 x 10-5 

Well loss CO2 = 16,9 m 

T rue drawdo~m = 26,4 m - 16,9 m = 9,5 m 

Example 2 CK 11 sw = 5,52 m 

0 = 1169 m3/day 

C = 4 2 x 10-6 , 
Well loss CO2 = 5,74 m 

True drawdown = 5,52 m - 5,74 m = - 0,22 m 

The true drawdown (80) can also be calculated for RH 31 as follows: 

BO = 0,02 x 485 
~ 9,7 m 

This is close enough to the previously calculated value, and a mean value of 

9,6 m is accepted. 

The cal cuI ated true drawdown for CK 11 is obvi ously false as the resultant 

drawdOlm is negative. This may be due to either: 

a) Incorrect determination of C. As mentioned previously (section 5.2.1), 
inflow of upper level water will affect th e measured drawdown and upset 

the correct calculation of C from Eq . 14. 

b) Non-applicability of the Jacob relationship. It has been suggested, 

(Rorabaugh, 1953) , (I'.iller and fieber, 1983) that treatment of discharge 

as a second order variable in the turbulent component was 

overrestrictive. In this case it may be necessary to raise the 

discharge to a power of sl ightly less than 2 in the term (C02 ) for the 

relationship to hold true. 

5.2.3 Transmissivity (T) 

"Transmissivity is the rate at which water is transmitted through a unit width 

of the aquifer under a unit hydraulic gradient" ( Lohman, 1972, p 6). Various 

methods, employing both variable and constant rate pump tests Here utilized in 

determining T. Hechanica l problems with the pump preve nted the execution of a 
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constant rate test at RH31 and the very low T as cal cuI ated by the Thei s 

recovery methoa refl ects the non-constant nature of the test. The constant 

rate test was not repeated at RH31 because of time constraints and because the 

results of the step tests were so conclusive in evaluating T. Ignoring the 

Jacob analysis of the 3rd and 4th steps, the mean of the other calculated 

values was 61m2/day with a standard deviation of 4,7. 

The determination of T from the CKID pump test data has been complicated by 

the very large spread of values. The Hazell method , which has been very 

reliable, especially with regard to the RH31 and BAI data, provided a value of 

114 m2 / day. The very hi gh values determi nea by the B & yJ ana lysi s and the 

Jacob method for steps 1 and 2, are considered to be erroneous because of 

doubtful results for Band C. The value for the Jacob method (steps 2 and 3) 

is also viewed with distrust because of the negative C-value assigned to this 

calculation. The constant rate test analyses of Jacob (1946) and Chow (1952), 

although agreeing closely for any particular segment of the drar/down-time 

curve, do silol>' marked differences v/hen different porti ons of the curve are 

used. 

It is a characteristic of both CKID ana CKll, that the drawdown-time curves 

show an initial, slow drawdown, followed after a few hours by comparitivily 

rapid drawdown . This is attributed, as were some of the strange step-drawdown 

results, to flow of water into the borehole from the saturated upper layers. 

In time this inflow would cease an d normal pumping conditions .lOuld commence . 

Unfortunately this fact was not recognised in time and pumping was stopped 

before condi ti ons approachi ng equ il i bri urn were met . For th is reason, Jacob 

and Chow analyses conducted on the steeply-rising, rapid draHdol-1/l portions of 

the curves, should be accepted as providing mini mum T-values only. The 

analyses, Jacob (I) and Chow (1), giving T-values of 176 and 174 m2/day 

respect ively, shoul d be ignored. These are i nterpreta ti ons of the 

dral-/oown-time conaitions prevailing I-Ihen inflow into the well Vias occurring 

and do not represent the transmissive qualities of the aquifer at all. 

The calculated value for T from the CKll pump test data should be similar to 

CKID as the two holes are only 4,4D metres apart. From the results it is 

apparent that CKll must be even more prone to downhole return-flow than CKID. 

Not onl y are all the T-values calculated by the Jacob step-test method 

negative, but the draWdown-time, constant rate plot, takes cons i derably longer 

to start react i ng to pumpi ng conditi ons and observi ng normal drawdOl'in patterns. 

Although f or cea by time f ac tors t o curtail t he test early, the data f r om the 

pump t est on CKll wi ttl CK I D as an obs ervation bo r ehol e possi bl y provi oe s one 
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of the most satisfactory values for T in this area . This figure of 

1 86m2/day is almost three times that derived by the Hazell method 

(69m2/day) but it must be remembered that the latter, like all the step-test 

analyses, was affected by water inflow. The Theis solution to this data 

arrives at a value of 227m2/day for T and is also considered to be 

reliable. Bearing all these factors in mind, a transmissivity of T = 
200m2/day is thought to be reasonable for the TNS aquifer in this area . 

Interpretation of T- values from the BAl pump test data is also complicated by 

negative values for Band C. The Jacob analysis of steps 1 and 2 of the step 

test has led to a negative T of -62m2/day. This is, without doubt, also due 

to return flow, a feature which can be detected at the beginning of the 

constant rate driiHdown - time graph. The fi gure deri ved from steps 2 and 3 

(60m2/day) is probably not greatly in error as it matches that obtained by 

the Hazell method. As ~Ias the case with CK10 and CKll, the constant rate 

analyses of Jacob and Chow, as Hell as the Theis recovery method, probably 

result in underestimations of T as equil ibrium conditions had not yet been 

obtained. A value of T = 60m2/day is considered reasonable for the THS 

aquifer in the vicinity of BAl. 

The constant rate pump test at RH17 - the EdHards borehole, yielded a value 

for T of 382m2/day. As the curve was beginning to flatten off, this must 

also be considered a minimum value and a figure of 400m2/day Hill be 

accepted. Unfortunately it was not possible to throttle down the submersible 

pumps used for the test, and as such, a step test was not carried out. 

5.2.4 Storage Coefficient (S) 

"The storage coefficient is defined as the volume of water released or stored 

per unit surface area of the aquifer per unit change in the component of head 

normal to that surface" (Kruseman and de Ri doer, 1970, p 21). The storage 

coefficient is designated the symbol S and is dimensionless. 

In order to calculate the value for S, it is necessary either to have at least 

one observation borehole or to have some knowledge of the radius of influence 

of the pumping well (Clark, 197 7). 

Observation boreholes were only available ill the CK10 - CKll system and here, 

seven determinations of S were made using the Jacob, Chow and Theis methods 

(see results in Table 4). Agret;ment was very gooo ana resulteo in a mean of 
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1,76 x 10-2 with a standard deviation of 0.51 x 10- 2. Although the 

anisotropic nature of the aquifer makes estimation of the radius of influence 

risky, and errors are squared in the calculation, an attempt was made to 

calculate S with the RH31 data. Using 100 metres as the radius of influence 

of the Ilell, a val ue of S = 1,98 x 10-4 was obtained. 

According to Johnson (1972), values of S for artesian aquifers range from 

1.0 x 10-5 to 1,0 x 10-3 . The values for the CK10 - CKll system fall 

outside this range and must be viewed with some circumspection as the 

influence of water flowing down the well could have upset the calculations. 

The value obtained for RH31 falls neatly into the middle of the abovementioned 

range but once again it must be emphasized that an arbitrary figure was used 

for the radius of influence. 

5.2.5 Other Pump-Test Results 

5.2.5.1 Borehole RHl 

Before sealing this leaking borehole with cement, a short constant rate test 

was carried out. It took only 30 minutes to draw the water level down to the 

pump inlet at 53 metres. The measured discharge was 51m2/day. Recovery was 

then allowed to commence with full recovery not being obtained after 400 

minutes . The shape of the recovery curve is sho~m in Fig. 20. 

The rapid dralvdown may be explained as folloYis: During cleaning of the hole 

pri or to seal i ng, it is suspected that some of the old cas i ng . was forced 

downwards until it formed a plug which effectively blocked off the TNS water. 

The water in the hole was then a mi xture of ms and Cretaceous water 

(supported by chemi ca 1 ana lys is). When pumpi ng commenced, the drawdOlvn was 

rapid because there was no replenishment from the Tns. During pumping it was 

noticeable that a large amount of clayey mater ial was discharged with the 

water, possibly resulting in a large number of cavities in the borehole and 

near the pump in particular. When recovery commenced, these cavities filled 

first so that there was little rise in ~Iater level. When the cavities were 

filled, normal recovery took place - rapid at first and gradually slowing. 

The transmissivity calculated from the recovery data was very low with a value 

of 5m2 /day. 
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FIG. 20 BOREHOLE RH 1 - RECOVERY CURVE 

5.2.5.2 Borehole RH38 

1000 

This hole ~Ias tested by bailing shortly before sealing with cement. The 

average discharge was calculated and the Theis method utilized to calculate T 

from the recovery. Although by no means accurate, a value for T of 

1,2m2/day which compares favourably with RH1, was obtained. 

5.2.5.3 Borehole WF35 

The pump on the cable tool drilling rig \;as used t o test this borehole. The 
pump inlet was located at 115 metre s. U r~wd own after 100 mi nutes reached the 

. .s:' "- ~ . . 
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The discharge rate decreased from 2,5 l/sec to 1,2 l/sec when the water level 
reached 115 metres . The pump was then switched off and the hole was allowed 

to recover. Full recovery had not been reached after 24 hours. Analysi s of 
the recovery results by the Theis and Sternberg (1968) methods yielded very 
low values for T of 0,14 and O,27m2/day respectively. 

It is suspected that, although thi s borehole intersected HIS, no water was 

obtained from this aquifer and all the water in the borehole was of Cretaceous 

ori gi n. Thi s theory is supported by the chemi stry of the pumped water whi ch 

had a mean T.D.S. content of 2000mg/l. 

5.2.5.4 Borehole RH39 

This borehole, like WF 35, was an exploration borehole drilled principally for 
stratigraphic information and geophysical correlation. It was never intended 
to be a producti on borehol e and as such, dri 11 i ng was termi nated as soon as 

T~iS was intersected. 

A step-drawdoNn test was carried out with the turbine pump, but was stopped 

soon after commencement of the 4th step, when the draWdown reached the level 

of the pump inlet at 56 metres. The test was of little use, as maximum 
discharge (2,77 l/sec) was obtained during the 2nd step, the effect of 

increasea head counteracting the higher pump revolutions during the 3rd step. 
The data from the first step, however, was used for analysis by the Jacob and 
Chow methods. Both gave values for T of 17m2 / day at a di scharge rate of 
230m3/day. The Vlater quality throughout the test was extremely poor with an 
average TDS content of 11500 mg/l, conclusive evidence that the water was of 

Cretaceous origin and that the low transmissivities should not be ascribed to 

the HIS. 

5.2.5.5 Borehole CK9 

This borehole is located close to boreholes CK10 and CKll and was also cleaned 
in preparation for sealing with cement. Pump testing was considered important 
because observation boreholes were available at suitable distances, a 

criterion lacking in the other tests. Step tests were attempted on three 
occasions but all had to be curtailed, when, after about 20 minutes pumping, 
the discharge decreased rapidly and the water level began to rise in the 

borehole. The reason for this was found to be the blocking of the pump screen 

by small lumps of clay. The borehole was not cased and these clay pellets 
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were drawn against the screen by the sucking action of the pump. After a 

period of time, the flow of water to the pump was impeded and discharge 

dropped. This was accompanied by a rise in water level . The only ways in 

which this problem could ~Iave been circumvented were either to remove the 

screen, something that drillers were loth to do in case of damage to the pump, 

or to insert casing, an expensive operation not really justified by the 

expected results. 

5.2 . 6 Summary of Results 

Of all the boreholes tested, data from RH3l was undoubtedly the most rel iable 

with good agreement among all the methods of analysi s employed. Strange 

results from the CK10-CKll pair may probably be explained by inflow of water 

into the well. In spite of this, however, valuable data was extracted and a 

reasonable idea of the prevailing aquifer and well characteristics obtained . 

Borehole BAl was also affected by water inflow although not to the same extent 

as CK10 and CKll and it was possible to calculate minimum values for T. The 

Edwards borehole (RH17) was tested at a constant rate, and yiel ded 

sati sfactory results . Three of the tests undertaken on well s di schargi ng 

water of Cretaceous origin had to be curtailed early because of rapid 

drawdOl,n . Average transmissivities for the Cretaceous aquifers were low - in 

the order of 5m2/day. 

Transmi ss i vi ti es for the T1'IS ranged from about 50m2 / day to about 

400m2/day. A possible high value of l800m2/day for CK10 has been 

discounted as improbable in light of the other results, although this figure 

does compare with those obtained in the Australian artesian basin where values 

ranging from l-2000m2/day were recoraed (Habermehl, 1983) . The 

transmissivities may also be compared with those obtained by Kohut et al., 

(1983) in fractured granitic terrain, conditions not dissimilar to those 

experienced in the Uitenhage area. Their study, carried out in British 

Columbia, gave transmissivities of about 74m2/day. Of interest in this 

i nvesti gati on of an ani sotropi c aquifer, was the fact that T vari ed with the 

orientation of fractures, a feature which doubtless occurs in the TMS aquifer 

but which will require a great deal of drilling and pump testing to quantify. 

Figures for the storage coefficient are scarce owing to the lack of 

observation boreholes. High val ues of 1,76 x 10-2 were obtained from the 

CK10 - CKll system althou gh it is suspected t hat these have been i nfl ue nced by 

inflow of Yl ate r into t he bore hole . A re as onabl e value of 1, 98 x 10-4 was 

calculatea fro m an esti mate of the r ad i us of in fl uence of boreh ol e RH3l. 
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CHAPTER 6 

HYDROCHEHISTRY 

In order to obtain stable isotope hydrochemical data for the study area 

aquifers, 66 water sampl es were collected and submitted to the Hydro 1 ogi ca 1 

Research Institute at Roodeplaat for analysis. Of these samples, 64 were from 

pumpi ng or fl ovli ng boreholes, one was taken from the Ui tenhage Spri ngs and 

. one, (SV7) was taken from a large diameter well. Each sample was analysed for 

12 different ionic concentrations and the pH and electrical conductivity were 

measured. Analytical data are tabulated in Appendix 3. 

The principal aims of the hydrochemical analyses were; 

(a) To determi ne the range in i oni c concentrati ons for waters deri ved 

from different aquifers, vthere a di rect, uncontami nated rel ati on­

ship between sample and source aquifer was ensured. 

(b) To use the concentration limits calculated in (a) to determine the 

source aquifer(s) of waters whose origin was unknown. 

c) To enable detection of anomalies where the chemical data vias not 

compatible with data from other sources (geology, geophysics, etc.) 

Parsons (1983) used a number of graphical methods to distinguish between water 

types, in hi s study on the Coega Kop area. With these, he was ab 1 e to 

recognise water derived solely from the TNS or Cretaceous aquifers, as well as 

defining those boreholes which delivered water of mixed origin. This latter 

phenomenon, Parsons maintained, was the result of upward flowing T~IS water 

mixing with Cretaceous water entering the borehole through holes in the 

corroded casing. Verhagen (1984, pers. comm.), suggests that this mixing 

method will be of importance mainly in weakly artesian boreholes as the 

pressure of the n1S water in strong holes would tend to force this water out 

through the corrosion holes without allowing entry of Cretaceous water. 

In this discussion the 14 chemical variables will be discussed individually, 

the total dissolved solids (ToS) and pH as discrete sections, and the 

individual ionic concentrations as anotller. Ionic concentrations are 

expresseo in mg/l except for a fevi cases where equivalent parts per mill ion 

(epm) are used. This is a methoD utilised for comparing the concentrations of 
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Total alkalinity, (TAll is expressed in equivalent amounts of bicarbonate, 
carbonate and hydroxiae ions. Hem (1959) states that alkalinity reportea as 
hydroxide is normally absent from natural waters and that the carbonate phase 

is absent at pH values below 8,2. 

Various graphical and statistical methods will be employed to distinguish 
between ~Iaters deri ved from different groups. Anomalous sampl es wi 11 be 
discussed, and a summary including a tabulation of samples with source 
aquifers will be presented. The chapter will be concluded with a discussion 
on isotopes and age dating. 

6.1 Hydrochemi cal Cl assifi cati on of the Uitenhage Groundwaters 

6.1.1 Electrical Conductivity and Total Dissolved Solids (TDS) 

Electrical conductivity is defined by Hem (1959, p37) as "The ability of 

a substance to conduct a current." The units are millisiemens per metre 
(mS/m) which can be related to a salt concentration (TDS) in mg/l, by 
multiplying by a conversion constant. For the Uitenhage groundwaters 
this constant was calculated at 5,9 by adding the concentrations of the 
constituent ions and comparing with the measured electrical conductivity. 

The TDS of a sample may also be calculateo; 

a) By evaporation and weighing 
or b) By determining the specific gravity (approximate) 

The most accurate method, hO~lever, is by the addition of the 
concentrations of the component anions and cations, and the simplest is 
multiplying the electrical conductivity by the conversion constant. 

After calculation of the mean TDS values for waters of known origin, it 
was possible to designate samples of unknown origin into one of the four 
groups. Statistical analysis of all the samples then gave the following 

means and standard deviations. 

Aquifer t'iean TUS Sto. Deviation 

HIS 1 70 mg/l 18 mg/l 
Cretaceous 5070 mg/l 357 mg; l 
Bokkeveld 3294 "19/ 1 188 mg/ l 
~i i xea 704 rll!;/ l 56 nlS/ l 
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Fig. 21 is a presentation by means of bar graphs, of the relative differences 

in TDS contents for the four di fferent wa ter types. The tendency for the 

mixed ~Iater to have a chemical nature fairly close to the HiS water is 

interpreted as being a function of the greater amounts of TMS being involved 

in the mi xi ng process. The reasons for the 1 arge differences in TDS among 

waters of different formations will be explained by the probable origin of 

their major ions and will be discussed in the section on individual ionic 

concentrations (p 71 ) 

6.1.2 Hydrogen Ion Concentration (pH) 

~lean 1 aboratory measured pH val ues for the different waters, as measured at 

Roodep1aat are shown below: 

n'IS 7,1 

Cretaceous 7,7 

Bokkeve1d 8,0 

I'li xed 7,6 

TI~S - deri ved groundwater in the Ui tenhage - Coega area is found to be 

slightly acidic. The rapid corrosion of steel borehole casing confirms this. 

It is suspected that the pH value of 7.1, which was derived from measurements 

made some time after the sample was taken, is too high for the following 

reasons; 

According to Hem (1959, p 46) "The loss of CO 2 is most important in sampling 

water from confined underground sources, as, upon the release of confining 

pressure, CO 2 will be lost from the solution until the amount equals that 

which ~Iill remain under the partial pressure of this gas in the atmosphere." 

This will result in an increase in measured pH. Data from Verhagen (pers. 

comm.) verifies this. Five boreholes were sampled and pH values determined in 

the fie1a. Table 6 illustrates how the field and laboratory values vary . 

Bh. No ~(Field) .p.!:! (Laboratory) 

WF 3A 6,4 7,5 

WF 23 6,4 7,2 

RH 15 6,3 7,2 

SK 12 6,9 7,2 

SK 18 6,5 6,9 

Table 6 Gifferences in pH measurements made in the field and laboratory 
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The higher ph values of the Cretaceous and Bokkeveld water are probably caused 

by the buffering action of dissolved alkaline salts such as calcium or 

magnesium bicarbonate. The low value for borehole SK 20A (6,1) is not 

properly understood but may be related to the total abscence of carbonate and 

bicarbonate in the sample. 

6.1. 3 Individual Ionic Concentrations 

A general relationship exists between mineral composition of a natural water 

and that of the solid minerals with which the water has been in contact (Hem, 

1959). A study carried out by Johnstone (1982) in the neighbouring Kruis 

Ri vi er area, reveal eo that di sti 11 ed water in contact wi th rocks of the 

Kirkwood Fm., Enon Fm., and nlS, showed, even after 2 months, chemical 

characteristics similar to those of the relevant rock type. 

The bar graphs (Fig. 21), and the scatter plots (Figs. 22, 23, 24 and 25), as 

well as the analyses in Appendix 3, indicate that niS - derived waters have 

low mineral contents whereas those waters from Cretaceous and Bokkeveld 

sediments are high in dissolved solids. As would be expected, mixed water 

have intermediate values. 

Low ionic concentrations in the Tt'iS water are easily explained by the 

composition of the rock itself. As mentioned earl ier in the section on 

geology (p 13) the nls is composed almost exclusively of quartz grains vlith a 

matrix of silica cement. Because of its resistance to attack by water, quartz 

can probably be ignored as a source of silica in groundwater (Johnson, 1972). 

In contrast, the Bokkeveld and Cretaceous formations have a high percentage of 

clay minerals contributing to their argillaceous lithologies . Clay minerals 

are defined by Drever (1982, p 65) as follows. "Fine-grained, crystalline, 

hydrous sil icates with structures of the layer lattice type. They are the 

most common products of water-rock interactions under earth-surface 

conditions. As a consequence of their structures, clays are efficient ion 

exchangers." 

Chemical and geological evidence suggest that high TDS contents in waters from 

the Cretaceous and Bokkeveld Sediments can be attributed to three main factors; 
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(a) The readiness ~Iith ~/hich the clay minerals Hill give up metals such 
as sodium, to base exchange. When water fl ows through a porous 
medium, exchange relations take place between ions in the water and 

ions absorbed on the medium. The cation-exchange capacities of most 
media are sufficient to have a significant influence on the 
composition of waters flowing through them (Drever, 1982). 

(b) The small pore spaces in the clay minerals result in slow movement of 
water through these sediments and thus, a longer time is available 
for the water to remove ions from the particular silicate lattice. 

(c) In some instances, (particularly with regard to the Cretaceous 
Formations) the sediments ~Iere either laid down in a marine 
environment or may have suffered periodic incursions of salt water. 

Some of this saline water and its dissolved matter would have 

remained in the pore spaces or attached to the mineral grains . 

Na 
K 

Ca 
t~g 

S04 
Cl 
TAL 

NH4 

N0
3 

F 

Si 

P 

TMS 

50 

7 

7 

5 

8 

65 
59 

0,0334 (A) 

0,057 
0,555 
8 

0,030 

Cretaceous 

1590 
33 

130 

120 

417 
2570 

210 

0,0827 (B) 

0,330 
1,053 (C) 
6 

0,006 

Bokkeveld 

940 
14 

102 
111 

310 
1500 

306 

0,0291 

0,064 
0,811 
0,007 

0,007 

Table 7 r'lean Ionic Concentrations (in mg-l) for the different waters 

A - Anomalous value for PK 30 omitted from calculation 
B - Anomalous value for SK 20A omitted from calculation 
C - Anomalous value for KG 2 omitted from calculation 
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Reference to the scatter plots (Figs. 22, 23, 24 and 25) and to the mean ionic 
concentrations (Table 7l indicates that, with the exception of TAL in the 

Bokkeveld, all the major ions have the highest concentration in the Cretaceous 

Sediments. 

The chemistry, coupled with the geological and palaeontological evidence shows 

conclusively that these formations were subjected to marine influences at one 
or another time. The connate water introduced to the sediments woul d, by 
virtue of the small pore spaces, be removed very slowly and result in a high 
T.D.S . content. 

In the following discussion the concentrations of the major ions will be dealt 
with individually. The values for the ammonium, nitrate, phosphate and silica 
ions do not appear to be di agnosti c and are too low to \-iarrant further 

attention. 

6.1.3.1 Sodium Ion Concentration 

The sodium ion is the most abundant cation in all three waters. Sodium is a 

highly soluble element and may be incorporated into groundl'later in a variety 
of ways (viz.) 

(a) By leaching from sodium-containing minerals (esp. feldspars). 

(b) By base-exchange of calcium or magnesium already in solution, for 
sodium. (This is particularly important in the clay minerals). 

(c) By the groundwater coming into contact wi th evaporites or sediments 
containing trapped sea water. 

The comparatively low sodium concentration in the mS-water, can be explained 
by the fact that none of the above three cases apply in what is essentially a 
cemented quartz - arenite lithology. 

The di fferences between the mean sodi urn concentrati ons of the Dokkevel d and 

Cretaceous waters, (940 and 1590 mg/l respectively) is almost certainly due to 
a greater marine influence on the latter. Marine incursions into the fresh 
water deltaic enviroment "ould serve to deposit layers of halite as \>Iell as 
conceivably allo~ling saline water to be trapped within the sediments. This 

theory is supported by the fact tilat the most important an i on is chloride -
also a product of marine influences. 
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6.1.3.2 Potassium Ion Concentration 

Sodium tends to remain in solution when leached whereas potassium 

combines easily especially with the clay minerals (Hem, 195~). This 

could possibly explain the low concentration of potassium in the 

waters. (7, 14 and 33 mg/l for the Tf.IS, Bokkevel d and Cretaceous 

waters respectively.) The relatively high concentration for the 

Cretaceous water is once again probably attributable to the 

influences of marine water. 

6.1.3.3 Calcium Ion Concentration 

Dissociated calcium is normally present in natural waters as the 

bivalent iron Ca 2+. Because of its widespread occurrence in rocks 

and soils and its ready solubility, calcium is present in nearly all 

waters. Very hi gh concentrati ons of cal ci um suggest sol uti on of 

gypsum or anhydrite whereas low concentrations may indicate either; 

(a) An absence of readily soluble calcium minerals. 

(b) The action of base exchange whereby calcium originally in the 

water has been exchanged for sodium. 

The H1S waters have very low calcium concentrations reinforcing the 

theory that interstitial cement is almost exclusively quartz. The 

samples from the Bokkeveld and Cretaceous sediments (mean 

concentrations, 102 and 130 mg/l respectively) also have high 

sulphate concentrations suggesting that some of the calcium may have 

been derived from gypsum beds. Base exchange ~Ihere di ssoci ated 

potassium ions replace calcium ions on the exchange sites is probably 

responsible for adding calcium to these waters. 

It is important to note that carbon dioxide has a critical effect on 

the solubility of calcium. If CO 2 is added to a system, solution 

of calcium continues, if CO2 is removed, deposition occurs. 

This may serve as proof that the Tt4S associated groundwater has a 

very low calcium concentration . If concentrations were high it would 

be expected that calcium mineral deposits such as travertine, should, 

on drop of confining pressure, be deposited at springs and borehole 

co 11 ars . NO depos its of thi s nature have been recorded from th is 

area . 
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6.1.3.4 ~Iagnesium Ion Concentration. 

"In most waters of low to medium T.D.S., the magnesium concentration 

is considerably less than calcium even when computed on the basis of 

concentrations expressed in equivalents per million" (Hem, 1959, p 

82). The ratio of calcium to magnesium for natural water ranges from 

about 5:1 to 1:1. For the Uitenhage groundwaters, the ratio is low 

(approximately 1;1.5), and, although the Cretaceous and Bokkeveld 

waters can hardly be described as having low to medium TDS, the 

relatively high magnesium content is unusual. Hem (1959) suggests 

that the low values may arise from dissolution of magnesium silicate 

minerals or dolomite, or from contamination by sea water. As the 

first two options are absent in this area, sea water contamination is 

probably the cause. A possible contributing factor to the low ratio, 

may be precipitation of calcium on loss of CO 2 (discussed in 

section 6.1.3.3). 

6.1.3.5 Sulphate Ion Concentration 

r~ean sul phate concentrati ons for the HiS, Bokkevel d and Cretaceous 

waters are; 8, 310 and 417 mg/l respectively. There may be tVIO 

possible sources of sulphate in the latter two formations: 

(a) From gypsum and anhydri te (Freeze and Cherry, 1979) 

(b) From bacterial reduction of organic matter. 

The prescence, (particularly in the Cretaceous) of waters with high 

concentrations of calcium suggest that the former is the case. 

6.1.3.6 Chloride Ion Concentration 

"When porous rocks are submerged by the sea at any time after their 

fonnation, they are impregnated with soluble salts" (Hem, 1959, p 

104) . Ch 1 ori de may also be present as a result of i ncl us i on of 

connate water and is to be expected in any incompletely leached 

deposit laid down under the sea or in a closed basin "hen chloride 

was present. 
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When base exchange is of mi nor importance, it is to be expected that the 

source of ions is essentially from dissolution of soluble minerals. As the 

most common of these is normally hal ite, the concentration of Na, or Na + K 

will be practically equal to that of Cl when expressed in equivalant parts per 

million. When the concentrations of Na + K are recalculated to epm and 

expressed as a percentage of Cl, the mean values for the three waters are; 

HIS 129% 

Bokkeveld 97 % 

Cretaceous 98% 

The percentages for the Bokkevel d and the Cretaceous indi cate that base 

exchange is a fa i rly mi nor process and the concentrati on of these ions is 

primarily the result of the influence of sea water. The percentage for the 

TNS can be discounted as evidence for base exchange, for the reasons proposed 

in section 6.1.3. Although the mean chloride content for TMS waters is low 

(65 mg/1) it must be noted that concentrations range from 29-180 mg/l and it 

is principally due to this spread that the TNS samples plot over such a wide 

field in the Piper diagram (Fig. 26). 

6.1.3.7 Total Alkalinity (TAL) 

Nean TAL values are: TNS 59, Bokkeve1d 306, and Cretaceous 210 mg/1. 

As mentioned in the introduction to this chapter, the carbonate phase is 

absent at pH values below 8.2. Taking the pH values in Appendix 3 as 

correct, in all but 9 analyses the TAL refers only to bicarbonate 

concentration. The doubt surrounding some of the pH values could mean 

that less than 9 sample have a carbonate phase present. (see section 

6 .1. 2) . 

TAL values seldom exceed 800mg/1 and are most common in the 50-400 mg/l 

range (Davis and De Wiest, 1966). As indicated in Appendix 3, the 

waters analysed fit neatly into these limits with some slightly low Tf.IS 

analyses and a very anomalous zero value for sample SK 20A . It is 

suspected that this may be analytical error. 

6.1.3.8 The Piper Diagram 

Piper (1944) developed a trilinear diagram \~hicll is convienient fo r 

graphically displaying large numbers of analyses (Freeze and Chel'ry, 19 79). 
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This diagram (Fig. 26), permits the representation of cation and anion 

compositions on a single graph in which major groupings and trends in the data 

can be discerned visually. Because the compositions are represented as 

percentages and the analysis by a single point, ~Iaters ~Iith widely differing 

total concentrations may have identical representations on the diagram. 

In Fig. 26, the relative cation and anion proportions are presented in the 

triangles, and the major ion composition in the diamond-shaped field. From 

the diagram it is apparent that; 

(a) The proportions of cations remain fairly constant with a pronouncea 

clustering in the high Na-K portion of the triangle. The different 

waters do not show any tendency to group together thus negati ng 

cation proportions as a method for differentiation among these 

waters. 

(b) The waters are all low in sul phate ion concentrati on and the 

Bokkeveld and Cretaceous waters tend to cluster in the high Cl 

port i on of the ani on tri angl e. The Tt-iS waters on the other hand 

show a marked variation in chloride content accompanied by 

reciprocal changes in the concentrations of carbonates and 

bicarbonates. As would be expected mixed waters plot in 

intermediate positions. 

(c) All the Cretaceous and Bokkeveld waters, (with the exception of the 

anomalous sample from KG2) plot in the diamond shaped field as 

sodium chloride brines. The wide variation in chloride and TAL 

content of the ms waters results in some of these plotting as 

dynamic waters (Johnson, 1972), while the majority plot in the NaCl 

field - the word brine hardly described waters with TDS values as 

low as 80mg/l. 

It appears therefore, that the Piper diagram is of little use as a basis 

for distinguishing the source of a particular water sample. All that 

can be claimed with any degree of certainty is that samples whose 

analyses indicate chloride contents of less than 70% and TAL contents of 

greater than 30% are deri ved from the ms. 
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6.1.4 The KG2 and l'IV3 anomalies 

Samples from these t~IO boreholes are considered anomalous on the basis 

that their geological situation and hydrochemical characteristics are 

incompatible. 

6.1. 4.1 KG2 

Thi s borehol e is situated 011 the down thrown si de of the Ui tenhage-Coega 

fault where a sUbstantial thickness of Cretaceous sediments overlies the 

THS. The water would be expected to show typical Cretaceous 

characteristics such as high cation and anion concentrations, high 

conductivity and a pH of about 7.7. Instead, the water contains only 

three of the major ions, namely, sodium, chlorine and TAL., the pH is 

very high (8.8) and it has a high fluoride concentration of 5.8mg/l. In 

addition the Cl:TAL ratio which averages about 12:1 for the other 

Cretaceous waters is 1 :3.5 for this sample. The e.p.m. values for the 

sodium and chloride ions and for TAL are as follows: 

Na 7.83 

Cl 2.26 

TAL 5.40 

This indicates that the principal salt is not halite as in the other 

waters but sodium carbonate or bicarbonate. On the basis of these 

chemical anomalies, it is apparent that the water from KG2 is not 

typical of the Cretaceous but has been affected by some factor not yet 

understood. 

6.1.4.2 t'IV3 

Boreho 1 e tW3 is also si tuated on the down thrown side of the fault yet, 

chemically, the water exhibits all the characteristics of HIS-water. 

The pH (6.7) and the TDS (153 mg/l) are low and individual ionic 

concentrations compare very favourably with those waters of definite TMS 

origin. There are two possible explanations for this: 

(a) The borehole could be situated on a Tt."IS-high of pre - Cretaceous 

rel ief and has actually penetrated the Tt-iS. 
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(b) A situation such as at borehole 016 (exploration borehole) may have 

arisen. In this case there appears to be hydraulic connection 

between the nls and the overlying sediments possibly through a 

system of overl apping and i nterfi ngeri ng sandstone hori zons within 

the Cretaceous. (See section 4.3.3 p 45) 

Either of the above is possible especially when it is borne in mind that 

r·IV3 is situated quite far to the south, ~Iell away from the fault and 

where geological information is, at best, scanty. 

6.1 . 5 Summa ry 

On the basis of hydrochemistry, it appears possible to distinguish 

between waters deri ved from di fferent 1 i thol ogi es. By uti 1 i zi ng 

graphical and statistical methods a water may be classified with a high 

degree of confidence as originating from the HiS or not. Some 

diffi culty ari ses when attempti ng to differenti ate between Cretaceous 

and Bokkeveld waters although generally, Cretaceous waters are of poorer 

quality. f.iixed waters, derived chiefly through contamination of HiS 

water by leakage through corroded casing, have ionic concentrations 

intermediate betrleen T/.1S on the one hand, and Cretaceous and Bokkeveld 

on the other . 

The gOOd quality of the Tto1S water is attributed to the fact that the 

lithology essentially comprises non-reactive quartz grains cemented with 

amorphous silica cement. The argillaceous formations on the other hand, 

have suffered marine invasion with the probable precipitation of halite 

and gypsum bedS, as \~ell as having a high proportion of clay minerals 

available for the base-exchange process. 

The mixed waters have intermediate ionic concentrations but are skewed 

towards the lower side, almost certainly a fUllction of greater yields 

and therefore greater dilution from the TlIJS. 

The groundlvater/source aquifer cl assi fi cati on for the vari ous borehol es is 

presented on Table 8. 
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Bh. No. Source Bh.No. Source Bh.No . Source 

SK 1 1·1i x . wF 14 l>1ix . PK 4 Bok. 

SK 4 Cret. WF 15 Cret. PK 6 Bok. 

SK 7 HIS . WF 16 THS. PK 8 Bok. 

SK 8 Cret. WF 17 Tt·1S. PK 9 Bok. 

SK 10 Cret. \-IF 23 TI'IS. PK 10 Bok. 

SK 12 Hix. BR 1 Cret. PK 13A nls. 

SK 18 1I>1S. RH 1 TnS. PK 18 Bok. 

SK 19 nlS. RH 8 TI1S. PK 30 T~IS. 

SK 20A Cret. RH 11 n lS. PK 31 Bok. 

CK 2 HIS. RH 15 1I<1S. PK 32 Bok. 

CK 13 ~Ii x. RH 18 THS. PK 34 TI,IS. 

CK 15 ~Ii x. RH 22 1I<1S. PK 35 TMS . 

SV 1 ms. RH 23A nls. UC 1 HIS. 

SV 3 HIS. RH 28 T~IS. BK 6 HiS. 

SV 7 Ni x. PH 32 T~IS. BK 9 nls . 

1,IV 2 TI'IS. RH 32A THS. Cl 1 Bok. 

NV 3 TNS. KG 1 Cret. Cl 2 Bok. 

C 2 Nix. KG 2 Cret. Cl 3 Cret . 

C 5 ms. BA 1 HIS. Cl 6 TroIS. 

C 9 t,l i x . GR 1 Cret. Cl 8 Cret. 

WF 3A HIS . GR 11 Tt·IS. AB 1 Cret. 

WF 5 Nix . DK 1 Tt·1S. Springs HIS . 

T~IS - Table I·jountain Sandstone 

Cret. - Cretaceous Formations 

Bok . - Bokkeveld Group 

Mix. - A mixture of TNS with Cretaceous or possibly, Bokkeveld. 

Table 8 Classification of Borehole waters with Respect to Source Aquifer 
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6.2 Isotopes and Age Dating 

Previous isotopic studies on the waters of the Uitenhage area were carried out 

by Talma et a1., (1983). This work principally involved the determination of 

relative concentrations of 13e, l4e, and tritium (T). From these results 

the water was dated and flow rates calculated. Further research was later 

carried out by Professor Verhagen of the Universtty of the Witwatersrand, 

ass i sted by the author. I n the 1 a tter case, in addi ti on to the three isotopes 

menti oned above, the samp1 es \Vere ana lysed for deuteri urn (D) and 180. The 

results of all the analyses are presented in Table 9. 

6.2.1 Tritium 

The concentration of the tritium isotope (3H), \Vhich has a half-life of 12.3 

years, was radi cally increased in the atmosphere after nucl ear-weapons testi ng 

in the mid 50's. As a result, waters exposed to the atmosphere after this 

time will have measurable concentrations of tritium. For those samples 

analysed for this isotope, only three fall into this category. An examination 

of Fi g. 27 reveals that these samples ori gi na te from boreho 1 es ei ther in the 

recharge area or from a phreatic hole (WF7) where recent water could be 

expected. All the samples from the confined ~Iaters had zero tritium 

concentrations, indicating that no measurable addition of recent water has 

taken place. 

6 . 2. 2 Deuterium (D) and 180 

Deuterium occurs in natural ~iaters as the molecule HOD (ie.hydrogen - oxygen -

deuterium) at concentrations of about 320 ppm, and 180 as H180 at about 

2000 ppm (Handel and Shiftan, 1981) . During phase changes, the heavy isotopes 

tend to concentrate in the liquid phase with the result that the lightest 

values are found in polar ice and the heaviest in terminal lakes. 

180 values, in conjunction with those for D may assist in determining 

recharge areas and i den t ifyi fig pal aeoci imates where di fferent temperatures 

have resulted in different evaporation rates. For the Uitenhage waters, 

although analyses for D and 180 were carried out or, only 6 and 4 samples 

respectively, the values are extremely constant an d do not show any regional 

trend. 
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Collection Coll e c:hd Cond o Tr1till. D "C 
'.

C lite Hod'l A,. 
~. ~. ...!l.,. (,.s/.) -1.±. ~ 0/00 ~ (l .. ra) 

'" 8/78 '1',V&.1I 35.S .19,5 t.},O.:.o,} 4920 .. , 8/78 '1',V&.1I 45.5 0 -19" }O.5.!,O.J 8950 
c, }/69 T,Vl.R 18a,o .19,4 ).87.:.0 ,1 23400 

CX, }/69 1', nil 26 • .5 -19.5 3,67.:.0 , 2 23500 
cL6 ,,/81 T,VLH 73,1 .'8,4 7.51.:.0,2 15000 
HWU 8/78 1,V&'H }4,5 0 -19.7 86,7.!.O.5 "0 .. , 11/81 or. nK 73.6 -12,8 77.7.:.°.5 r e cent 
,,8 3/69 T,V&'K 520,0 '.' -U t 2 2.92.:.0,2 25 100 

Pl'} 11/81 'l',V&.H 26.5 ., 1, 9 4.70,!O.4 2,,00 
PK}4 11/81 ToY"" 610 ,2 .15.8 39.6!,.o,4 5590 

'" }/6' T,Yltfi n.o .,a,9 28,2.:.0.3 8190 
ilK14 8/78 T.VlrK 28,0 .19,9 28.6.!.o,2 7850 

12/!!} vn 25.0 O,2,!O , 2 ·'6 
ilK1S }/69 'I',V&H 22,0 -17 , 7. ",8,!o,J 7100 

RH23" 11/81 T,VI.H 20.6 -19.1 37.5.!.O,} 4710 

RB}' 12/8} YOV 22,0 0,0.:.0,2 .25 -20.1 }Z,2,!O.5 8000 
SF1 ,/6, T,VIoH 0 _1~ ,1 62.6.:.0.6 ,000 

'X7 1,/81 T,VI.H 2",0 _18,0 ',98..:,0.2 28000 
SX12 11/8, T,V&'H 70,4 -16.0 ',76.:.0 ,2 27800 

12/83 YOV "5.0 0,'..:.0,2 .28 -16.5 6.9.:.0 ,i! 20000 
51(18 12/83 YOV 87.0 0,2.:.0,2 . Z; -18,9 25.7.:.°,5 10000 

'V, ,,/8, T, VI.!I 31.7 -,8.8 10,5.:.0•2' '5100 
il rJA. 8/78 T I V&rH 24 ,0 -,a,8 7,42.:.0,Z 18zoo 

lZ/83 V&V 22,0 0, '.:.0,2 ·'8 -Z2,9 12,7.:0 ,4 15000 

-F1 8n8 T,'1&'H 237,0 '.1 -11,9 13. 1.:.0 , 3 ,0850 
ItF23 8/78 T,V&H 22 ,0 -19,Z 4,95.!.O,2 21200 

12/83 YOV 23,0 O,3.!.O,2 .2' -21,6 6,40.!,O,4 21000 

OC1 11/81 T,V&'K 27,8 -19,9 5,22.!.O,3 20800 

0' 3/69 T,V&'S: 17,4 rscent 

• 8/78 T,V&B " " 
0 -21,7 81,5.!.O,:' 156O 

11/81 T,V&R 13,9 -21.5 78, ,.!,O, 5 1840 

,,/8 1 T, VlrR 12,6 _21,4 83. 8.!,O, 6 "50 

T.V&.H Tal.a,VoKs l snd H.ston 

YOV Vsrbs ,.n and Vsnabl,. 

US Cit,nhs" Sprin,s 

Table 9. Isotope analyses for some boreholes and the Uitenhage Springs . 

6.2.3 13 C 

180 
%0 

-5,1 

-.5,2 

-5,3 

-5,6 

The stable isotope, 13e, is particularly useful for distinguishing between 

carbon derivea from organic matter (light carbon) and that derived from 
carbonate minerals (heavy carbon). The erratic uistribution pattern arid small 

range in values, how~ver, makes further deductions from these data impossible. 
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8.2 . 4 14C 

The radioisotope, 14C, decays to 14N and has a half-life of 5730 years. 

Accord i ngly, when groundwater is i so 1 ated from the atmosphere, the 

concentration of 14C will diminish with time, making it possible to arrive 

at an age for the water. This assumption presupposes that no "dead" carbon, 

(no detectable 14C) is added to the water and that no prec i pi tati on of 

carbon minerals has taken place. The former process will lead to an increase 

in the calculatea age and the latter to a decrease. Naturally, mixing of old 

water with younger will give rise to intermediate ages. 

In the confined section of the Uitenhage Artesian System, it has been shown by 

Talma et al., (1983) that there is a gradual down-flow increase in pH and 

alkal inity, reflecting the gradual dissolution of rock carbonate in an 

envi roment where there is no carbon exchange with the atmosphere. Th i s 

facil itates interpretation of the 14C data, as carbon dissolution usually 

proceeds fairly rapidly in nature. 

l'lodelled ages for waters from various sample locations are plotted on Fig. 

27. The central section of the area, from Uitenhage Springs, through Amanzi 

and Welbedachtsfontein to the coast, exhibits a clearly recognisable increase 

in ages in a south-easterly direction. These ages range from recent, in the 

recharge area to 2~ OOG years at borehole SK12 suggesting an average flowrate 

of 0,76 metre/year (Talma et al., 1983) 

The pi cture is not as clear when samples taken north and sOllth of the central 

profile are considereo. 

PK13 and PK8 have ages 

To the north, samples from boreholes BK9, PK34, CL6, 

ranging from 6000 - 25000 years despite the fact that 

they are all situated close to the recharge area. Borehole PK8 is situated in 

Bokkeveld sedinlents where flow rates may be greatly retarded in the fine 

grained, less fractured shales but the other four boreholes all penetrate TNS. 

Talma et a1., (19!l3), suggest that the higher ages could imply, either; 

(a) A different, more distant rec harge area for these samples, or 

(b) A slower rate of fl ow in a northerly/north-easterly, as opposed to 

south-easterly, direction . . Tl,is may be val id, as the dominant fracture 

orientation (see sect ion 2.3.2, p 19) is k~W - ESE. 

Verhag en (pers. comn, . i , sugges ts tha t there may be a nur,;be r of nUl·' "l OODS, " 

calorying viate r fror" diHeruit r ~c li<.r9L p0ints insteao uf i! sillgle, simvle 

system of dow ndi p nOli. 
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FIG. 27 AGES (in years) OF GROUlW';ATERS ALONG THE COmA RIDGE 

Of the three southerly sample points, only borehole CK2 yielded an age 
consistent with that expected. The water from UCI was anomalously old, 
possibly due to the same factors influencing CL6 and PK13 etc. The 
comparitively young age of the SV3 water may reflect a higher flow rate along 
the Coega Fault although the evidence from CK2 tends to refute this. 

The fairly levi age for WF7 is of little consequence, as this borehole does not 
penetrate ms and is thus not part of the confined system. Borehole SK18 is 
thought to have corroded casing, resulting in mixing of "old" HIS - water with 
younger groundwater. 

The large difference in the two ages measured for SK12 may be the result of 

either; 

(a) Differences in sampl ing techniques. . 
The hole was pumped and a sample taken from the depth of the pump inlet in 

1981, In 1983 a sample of the water flowing from the mouth of the casing \'las 
call ected. 
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(b) Deterioration of the casing. 
The corrosive action of the water may have resulted in a greater amount of 
mixing between THS - water and younger water when the borehole was sampled for 
the second time. 
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CHAPTER 7 

DISCUSSION AND TESTING OF HYPOTHESES 

In the introductory chapter, the study area was bri efly descri bed, the aims 

and objecti ves of the i nvesti gati on were outl i ned and a number of study 

hypotheses were proposed. Chapters 2-6 descri bed the co 11 ecti on and ana lysi s 

of data, the methods used, and the results obta i ned. Thi s chapter serves to 

check whether the aims of the study have been fulfilled and to examine if the 

proposed hypotheses are validated. The chapter is divided into two parts; 

section 7.1 dealing with the aims and objectives and 7.2 with the hypotheses. 

Because there is common ground between the two secti ons cross-referenci ng is 

extensivelY used. 

7.1 Fulfillment of the Aims and Objectives of the Study 

The a ims and obj ect i ves of the study are presented in Chapter 1, p 4. The 

discussion follows the framework of these stated aims. 

7.1.1 The TMS Aquifer 

7.1 .1.1 Geometry 

The di scussi on of aquifer geometry is primari ly concerned vii th the del i neati on 

of tile confi ned porti on of the HIS aquifer in the Coega Compartment . In terms 

of exploitation of the groundwater resource, only those parts of the aquifer 

which are within reach of the more common drilling rigs (say, a maximum of 300 

metres) are considered. Bearing this in mind it is clear that the Uitenhage -

Coega Fault which downthrows the H1S approximately 1000 metres to the south 

forms the southern boundary of the confined Coega Compartment. To the west 

the HIS is exposed in outcrop, and to the east, the I ndi an Ocean may be 

classed as a boundary as no groundwater exploitation is feasible offshore. To 

the north the HIS dips under the Bokkeveld Group at about 50 0 (See sections in 

Fi gs. 4 A-D). Because of the hi gh di P angl e there is 1 ittl e chance of 

dri 11 i ng through the Bokkeve 1 d and i ntersecti ng Tt-lS at a reasonably sha 11 ow 

depth, except very close to the sUb-outcrop. 
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The edge of the TI'lS outcrop area was defined by geological mapping assisted by 

previous work (tlarais, 1964), and aerial photographs, The subsurface fault 

boundary and HIS - Bokkeveld contact were inferred from borehole information, 

surface geophys i cs, and in some instances, from hydrochemi ca 1 resul ts. The 

greater amount of information available in the south of the area made the 

positioning of the fault an easier task than accurately locating the 

sUb-outcrop. Difficulties with some of the geophysical results have been 

discussed in section 3.1.2 p 24. It is apparent from the geology on the base 

plan, that the portion of confined HIS ~Ihich is available for groundwater 

exploration is restricted to a narrow strip, 

from the Ui tenhage Spri ngs to the coast. 

extremely irregular surface, a result of 

tectonic uplift. The irregular surface 

some 6 x 26 kilometres, extending 

Within this area the TMS has an 

pre-Cretaceous erosion following 

is reflected in the number of 

"koppies" of H1S which rise above the surrounding Cretaceous sediments. 

Between these inliers of TMS, deep pre-Cretaceous valleys occur (see 

Cretaceous isopach maps, Figs. 12 and 13), as demonstrated at Coega Kop, where 

boreholes CK 9, 10, and 11 intersected TMS at a depth of 240 meters only 1500 

metres from the outcrop. Another exampl e of pre-Cretaceous erosion is from 

boreho 1 e C~16, whi ch was sited mi dway between the ms outcrops of Coega Kop and 

Jahleel Island. These outcrops are about 8 kilometres apart. To date (Jan. 

1985), this borehole is 250 metres deep without intersecting TMS, and records 

show that the Cretaceous sediments have never been penetrated in thi s area. 

The seismic reflection work (Fig. 15) also reveals an area of deep TlvlS 

basement near the coast in this vicinity. 

It is considered that the the geometry of the confined portion of the TNS in 

the Coega Compartment has been adequately defined, especially in the area from 

the Spri ngs to Coega Kop. To the north, an accurate positi oni ng of the 

TI~S-Bokkevel d contact Vias not possi bl e due to scanty borehol e i nformati on and 

1 imited geol ogi cal data. Analysi s of resi stivity data coul d not accurately 

define layer boundaries because of high contact resistances between electrodes 

and the ground. East of Coega Kop, the TMS appears to have been eroded to a 

very deep 1 eve 1 and the depth, combi ned with geoe 1 ectri ca 1 interference from 

salt-saturated clays, has made estimates of the thickness of the Cretaceous 

virtually impossible. 

7.1.1.2 Hydrogeology 

Pri or to performi ng detail eo geo 1 ogi ca 1 and geophysi ca 1 expl orat i on, a census 

of all available groundwater abstraction points was calculated. For this 

purpose 175 boreholes and the Uitenhage Springs were visited (often on more 

than one occasion) . 
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In each case as much information as possible was obtained from the landowner 

and measurements were made at the borehol e itself. These data i ncl uded 

information on depths, stratigraphy, yield, water quality, vlater use, rest and 

pumping levels, pump types and capacities, and borehole construction. All the 

data are presented in tabulated form in Appendix 1. The hydrogeological 

characteristics of the T~lS aquifer were determined by utilizing the 

hydrocensus data, by drill ing and aquifer testing, and by interpretation of 

groundHater chemi stry (thi slatter aspect wi 11 be more fully dea it wi th in 

section 7.1.4). In the hydrogeological discussion, attention is paid to 

porosity permeability, transmissivity, storage, flow directions, rates of 

flow, and to the abstraction of groundwater from the TNS. 

As mentioned previously, (Chapter 2 p 13) the quartz grains constituting the 

cl asti c component of the H1S have been cemented together ina matri x of 

silica. This syntaxial cement has rendered the n ls very low in primary 

porosity and permeability (Johnstone, 1982). Any capacity the rock may have 

possessed for storing or transmitting water, must therefore, be the result of 

secondary processes whi ch formed voi ds in the forms of j oi nts, fi ssures, 

faults and cleavages. These porous and permeable zones appear to be 

controlled strongly by directional factors related to regional stress patterns 

within the Cape Supergroup. 

The directional component in porosity and permeability has resulted in 

calculated values for transmissivity and storage, for any aquifer test, being 

influenced by the relative positions of pumping and observation boreholes. In 

testing an anisotropic aquifer such as the TNS, great care should be exercised 

with the planning of test holes (pumped and observation) "as fracture 

ani sotropy has a pronounced effect on the magnitude of drawdown" (Kohut et 

al., 1983, p 564) 

In spite of the drawbacks in not having enough available boreholes to pump, 

even less to use as observation holes, and no say in the positioning of the 

latter, it was possible to arrive at a number of values for T (section 5.2.3), 

which it is felt, approximate the transmissivity for different areas of the 

Coega Compartment. The situation was not as fortunate for the determination 

of S (section 5.2.4), which is far more reliant on observation boreholes than 

T. In spite of close agreement among a number of calculated results, the mean 

value, (according to the range given by Freeze and Cherry, 1979), is far too 

high for a confined aquifer. A separate determination (performed on data from 

borehole RH31), gave a realistic value but was reliant on an estimate for one 

of the unknowns, any error being squared in the calculation. 
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According to Darcy (1856), one can assume that the underground flow is in the 

direction of pressure gradient and at right angles to pressure contours or 

isopotential lines. 

~ 
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FIG, 28 PIEZOMETRIC SURF!,CE CONTCURS (in metres above sea level) 

It is well illustrated in Fi g. 28 that the pi ezometri c contours are generally 

orientatea north-south with the inference that groundwater flow should be from 

~Iest to east. Naturally, any direction of increased 

ani sotropi c aquifer wi 11 also play an important 

transmissivity in an 

part in detennining 

groundwater flow di recti ons. Neasurement of secondary permeabil ity features, 

such as joints, cleavages and cracks, and graphical representation on a rose 

diagram (Fig. 5), has revealed a dominant fracture direction in a WI~W - ESE 

direction with a secondary orientation at right angles to it. ~Iountain (1955) 

noted the general rough alignment of the chief artesian boreholes and 

suggested that there may be a system of joints associated with the 

Uitenhage-Coega Fault, and running parallel with it. This seems a fair 

assumption as the regional grain of Cape folding in the Southern Cape, is in a 

WNW - ESE direction. 
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Talma et al,. (1983) undertook an isotopic study of TMS groundwaters in the 

Ui tenhage area and found that modell eo ages increase from recent, at the 

Uitenhage Springs, to about 26000 years old near Coega (Fig. 27). This 

increase confirms that the flow direction along the central portion of the 

Coega Ridge is WNW - ESE. 

Anoma 1 ous results north and south of the central profil e do tend to confuse 

the issue, but may be explained by slower flow rates in northerly and 

southerly directions or may be the result of more rapid floVi along the Coega 

Fault. That the latter consideration has merit, is substantiated by the fact 

that some of the strongest boreholes in the area, SV3 (20,5 l/sec), CK 2 (4, 

54 l/sec originally), CK 10 (13,95 l/sec) and CK 11 (16,69 l/sec), are located 

on, or close to the Fault. Borehole CK2 intersected THS at 470 metres which 

strongly suggests that the i ntersecti on was made withi n the fault zone (see 

Fig. 4 B for cross-section). 

Assuming that the Fault is a zone of high transmissivity, it would be expected 

that groundwater ages from boreholes on or near the Fault should be lower than 

for water derived from sources an equal distance from the recharge area, but 

away from the Fault. Thi sis true for SV3 where the vlater is about 8000 years 

younger than from C2 which is roughly the same distance from recharge. 

Unfortunately the same is not true of CK2 where the water was dated at a 

similar age to nearby sample points away from the Fault. The reason for this 

is not, as yet, fully understood, although it may have something to do with 

the greater depth from which the water originates. 

In the Coega Compartment, groundwater is abstracted from the nls in four ways: 

a) By free-flowing boreholes and springs, \lhere the groundwater reaches the 

surface and is either stored and used, or is \lasted by bei ng all owed to 

flow away uncontrolled. 

As far as water usage is concerned, artesian floVi is by far the most 

important method, as two of the strongest abstraction points are the 

Uitenhage Springs (63,5 l/sec), and borehole SV 3 (20,5 l/sec). 
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b) By pumping non-flowing holes or attempting to increase the yield of 

flowing holes by pumping. With the exception of the Edwards Group on 

Amanzi Estate (27,9 l/sec), none of the pumped boreholes average more 

than 5,0 l/sec for more than 10 hours at a time. The total abstraction 

for the Tt-lS for pumped and free flowing holes was calculated at 150 

l/sec. This figure was obtained by recalculating pump rates per hour to 

l/sec for 24 hours. Windpumps were allocated an arbitrary value of 0,1 

1 I sec. 

c) By leakage, through corroded casing into slightly permeable layers 

within the Cretaceous. Groundwater loss by this method is impossible to 

quantify although those boreholes suspected of leaking have, to a large 

degree, been identified by hydrochemistry (Table B, p 83). 

The group of boreholes on Coega Kop (CK 9, 10, and 11), which are 

suspected to be amongst the worst offenders in terms of groundwater 

leakage, have been cleaned out in preparation for sealing with cement. 

An insight into the effects of seal ing these holes will possibly be 

gained at a later date, if local piezometric levels rise, and if the 

nearby pans, thought to be in existence only due to inflow of artesian 

water, dry up. 

d) By natural gravity flow into the sea, with the Tf.1S groundwater probably 

emerging somewhere offshore in Algoa Bay. 

Reference back to Fi g. 2 reveals tha t since water control regul ati ons were 

instituted in 1957, a period of constant flow lasting till about 1967 .Ias 

experienced . Thereafter the flow at the Springs increased steadily, 

suggesting that the controls .Iere working. This increased flow, however, 

appears to be confined to the Springs, as little or no increase in piezometric 

level has been recorded in areas more distant from the recharge area. The 

reason for this may be found in the increased rainfall which has been 

consistently above the mean since 1974, and which would naturally affect the 

Spri ngs long before the more easterly .Iater poi nts. 

It is fel t by the author that there is more work to be undertaken on the 

hydrogeology of this area. This is especially important with regard to well 

planned and executed aquifer tests, with properly situated and constructed 

observation boreholes, so that accurate values for T and S may be obtained. 
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7.1.2 Evaluation of Subordinate Aquifers 

Within the Cretaceous Uitenhage Group, no aquifers of any exploitable 

importance were discovered. This may be due to the scarcity of the Enon Fm. 

in the study area, as Bush (1983) found this unit to be a very good water 

carrier in the Kruis River Compartment. The Kirkwood and Sunday's River Fms. 

comprise mainly impermeable clays with only thin discontinuous sandstone 

hori zons. Duri ng expl ora tory dri 11 i ng small amounts of water were intersected 

in the sandstones (maximum yield = 0,25 l/sec), but Ilere of very poor 

quality. The one exception was the intersection in borehole C~16 of fresh 

water at 150 metres. This, however is attributed to water originating from 

the TMS (discussed in section 4. 3.3., p 45). 

The Bokkeve 1 d Group does possess sandstone aqui fers interbedded among the 

shales. The highest recorded yield in the study area Vias 2,8 l/sec for PK 

32. The duration of the test was not given. Water qualities are slightly 

better than for the Upper Cretaceous formations (refer to section 7 . 1.4 belo~I). 

In some cases (eg. PK4 and PK8) the Bokkevel d shows artesian characteristics 

where it is confined by the Cretaceous aquiclude. The Bokkeveld Group is the 

principal aquifer in the northern and north-western portion of the study area 

where the nlS is too deep for economi ca 1 dri 11 i ng. 

7.1.3 Redefining the boundaries of the Control Area 

It is the author's opinion that the Uitenhage Underground Water Control Area 

(U.U.W.C.A.), as it exists since Government Proclamation 260 in 1957, is far 

too large and and could be trimmed down to cover the only three areas of real 

importance, - the recharge area, the Coega Ridge and Kruis River. The latter 

are the only two areas where large scale irrigation is carried out, and both 

are reliant on TMS-derived artesian water for their irrigation requirements. 

It can serve no useful purpose to continue imposing drill ing and abstraction 

1 imitations on those areas where the HiS is way beyond the reach of a drill ing 

rig, such as south of the Coega Fault east of Uitenhage. The boundaries of 

the Control Area in Kruis River will be reassessed on the basis of the report 

by Bush (pending). 
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7 . 1.4 Lateral and Vertical Water Quality Variations 

Groundwater derived from the TMS aquifer tends to show a small increase in TDS 

content from the recharge area towards the sea (Talma et al., 1983). This is 

particularly noticable for the ions Na + K and HC03 , and is probably a 

result of dissolution of these ions during passage of water through the rock. 

Overall, however, the quality of ms Hater remains very good except where it 

becomes mixed with quantities of Cretaceous water. This mixing is thought to 

occur through corroded casing where the slightly acidic TNS water has 

dissolved the steel. 

The water deri ved from the overlyi ng Cretaceous sediments is of very poor 

qual ity possibly resulting from the deposition of salts when the rocks were 

first laid down (section 6.1.3 ,p 71). 

Bokkeveld waters, although of limited importance in this investigation are 

a 1 so of poor qua 1 ity, although s 1 i ghtly better than the Cretaceous. There 

appears to be very little mixing between Bokkeveld and TMS waters. ~iixing 

between Bokkevel d and Cretaceous waters does probably occur, but because of 

their similar chemistries this is extremely difficult to detect. 

7.2 Testing of Hypotheses 

7.2.1 Aquifer Geometry and Geology 

Hypothesis 1. The principal aquifer comprises the quartz-arenites of 

the Table Mountain Group. 

The sheer ~Jeight of evidence in the form of abstraction 

rates, water qual i ty and water use, ensure that th is 

hypothesi sis accepted. NobJithstandi ng the groundl/ater 

lost by leakage to the sea, the approximate average daily 

abstracti on from the HIS in the study area is about 150 

l/sec. This is compared with approximate values of 3,9 

l/sec and 7,1 l/sec for the Cretaceous and Bokkeveld 

waters respectively. 

The hypothesis is accepted 



Hypothesi s 2. 

Hypothesi s 3. 

Hypothesi s 4. 

- 97 -

The argill aceous rocks of the Ki rkwood and Sunday's River 
Formations act as an effective aquiclude. 

The fact that the TI~S aquifer does have artesi an 

characteristics requires that there must exist a 
confining layer or aquiclude. The geology of the area as 
deduced by mapping, geophysics and drilling has indicated 
that, where the THS aquifer is artesian, it is overlain 
by the Cretaceous rocks of the Kirkwood and Sunday's 
River Fms. It has been established (section 7.1.2 p 94), 
that minor aquifers do occur within the Cretaceous, but 
these narrow sandstone bands constitute only a small 
portion of the succession, which comprises mainly 
impermeable clays . 

This hypothesis is accepted. 

The Pre-Cretaceous Relief is extremely irregular. 

Reference to the evidence quoted in section 7.1 .1.1 
reveals that the surface of the HIS is very irregular. 
It can, with justification be compared to the present day 
Groot Winterhoek t·lountains which are highly dissected and 
which represent the exposed portion of the TNS which in 
the study area is covered by Cretaceous sediments. 

This hypothesis is accepted . 

The Uitenhage-Coega Fault, by juxtaposing impermeable 

with permeable strata, forms the southern boundary of the 
Coega Compartment. 

The Uitenhage - Coega Fault which downthrows the nls 
about 1000 meters has been fai rly accurately located in 
the subsurface by geological, resistivity and reflection 
sei smi c techni ques (see secti on p) . The + 1000 
meters succession of virtually impermeable Cretaceous 

sediments on the south side of the Fault, will act as a 
barri er to south\~aras groundwater flow, although the 
fault may itself act as a zone of transmission (section 
7.1.1.2 p ). 

Because of the 1 ack of di rect evi dence regardi ng the 
Fault as a barrier to groundwater flow, the hypothesis is 
accepted with reservations . 
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7.2.2 Geohydrology and Hydrochemistry 

Hypothesi s 5. 

Hypothesis 6. 

The Table Mountain quartz arenites form an 

inhomogeneous aqui fer wi th secondary permeabi 1 i ty bei ng 

governed by the degree and orientation of jointing, 

fracturing and faulting. 

As discussed in section 2.2.2.1, P 13, and section 

7.1. 1. 2 P 91, the THS has a very low primary poros i ty and 

permeabil ity. Any storage, or water carrying capacity 

possessed by the T~IS must necessarily be provi ded by 

secondary features such as those mentioned above. The 

degree of permeabil i ty is governed by the wi dth, and 

frequency of occurrence of the cracks and joints. The 

di rections of maximum and mi nimum permeabil ity are 

determined by the orientation and degree of 

interconnection between fractures. In borehole RH36, 

for instance, although the THS was intersected at 76 

metres, the hole had to be deepened to 108 metres before 

a water-carrying fracture was struck and an artesian flow 

established. A further example of inhomogeneity was 

provided by the drawdowns in boreholes CK9 and CKll 

respectively. When CKll was pumped there was virtually 

no effect on the artesi an flow of CK9. When CK9 was 

pumped, there was an almost immediate drawdown in CKll, 

and this increased steadily with pumping time 

The hypothesis is accepted. 

The di recti on of flow is predomi nantly from the WNW to 

the ESE. 

Data from the orientation of the piezometric contour 

lines (Fig. 28), isotope studies, geology and 

hydro-chemi stry all indi cate a predomi nant flow di recti on 

of WNW-ESE (secti on 7.1.1.2, P 92). Lesser flow loops 

(Verhagen pers. comm.) may occur locally, and there are 

almost certainly, northerly and southerly flow components 

in the vicinity of the recharge area . In general, 

hO\,ever, the avail abl e evidence all suggests a WIJW-ESE 

direction of flow. 

The hypothesis is accepted. 
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Water derived from the Table 110untain Group quartz 

arenites is less mineralised than that from the Bokkeveld 

and Cretaceous sediments. 

The superior quality of the THS-groundwater is amply 

demonstrated by the graphical and statistical techniques 

utilized in Chapter 6 (Fig . 21 - 25). As an example, the 

mean TDS contents for the three groundwaters are 170 

mg/l, 3294 mg/l and 5070 mg/l for the TMS, Bokkeveld and 

Cretaceous respectively. 

The hypothesis is accepted. 

It is the opinion of the author that a few aspects of the investigation are 

worthy of more attention and/or follow up work . These are; 

a) Additional aquifer tests are required to quantitatively assess the 

transmi ss i vi ty and storage of the HiS aquifer. These tests shoul d 

i nvo 1 ve a number of observati on boreholes at pre-determi ned 

directions and distances from the pumped hole in order to maximise 

the data retrieved from any single test. 

b) The drilling at borehole CN6 should be continued in order to obtain 

a fix on the depth to TMS in the coastal area . The deeper drilling 

may also help to explain the origin and movement of the artesian 

water struck in this hole. 

c) The artesian water from CM6 should be sampled and analysed for 

14C so that an age determi nati on may be made . Thi sis 

particularly important as CM6 is the borehole furthest from the 

recharge area to tap water derived from the HIS. 

d) The bounda ri es of the Control Area shoul d be redefi ned to i ncl ude 

on ly those areas in whi ch controls are necessary, i e. the recharge 

area, the Coega Ridge and Kruis River. 

e) The control s on borehole construction, especially with regard to 

the compul sory use of PVC casing, shoul d be retained and, if 

possible, more strictly enforced. 
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7.4 Conclusions 

In the Coega Compartment, the HIS forms the principal aquifer of the artesian 

system. The confined section of the ms which is available for exploitation, 

extends from the mountains in the west to the sea in the east, and from the 

Coega Fault in the south, to the Bokkevel d sub-outcrop in the north. The 

buried surface of the TI·IS is extremely irregular forming inl iers rising above 

the Cretaceous sediments. The predominantly argillaceous rocks of the 

Cretaceous form an effective aqui cl ude, and contri bute to the artesi an nature 

of the area. 

The predominant direction of groundwater flow is from WNW to ESE although 

mi nor flow loops and secondary flow di recti ons may ex i st 1 oca lly. 1,lovement of 

groundwater is controll ed by the ori entat i on and dimensi ons of secondary 

fractures in the HIS, reflecting the inhomogeneous nature of the aquifer. 

The quality of the HIS - derived groundwater is vastly superior to that of the 

Bokkevel d. The Bokkevel din turn provi des groundwater of sl i ghtly better 

quality than the Cretaceous. 
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APPENDIX 1 

UITENHAGE-COEGA BOREHOLE SURVEY DATA 

Abbreviations used. 

Stratigraphic 

Tt1S. Table Mountain Sandstone. 
Bok. Bokkeve 1 d Group. 
Cret. - Cretaceous Sediments. 

Lithological Equiptment 

t.s. topsoi 1 w. p. - windpump 
sst. sandstone p.h. - power-head 
s 1 tst. sil tstone m. p. - mono-pump 
cl. - clay s.p. - submersible pump 

sh. - shale c.p. centrifugal pump 
congo - conglomerate rec. - recorder 
b. b . - boulder bed h.p. horse-power 
cc. - calcrete kW. - kilowatt 
grav. gravel 
1 at. 1 ateri te 

Wa ter use Other 

dom. - domestic 
stock. - stock watering 

n.m. - not measured 
r.w.l.- rest water level 

irr. irrigation art. artesian 
indo industrial 



:; 
' ;: ~. 
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Date l'Iater Art. iJumred ;later r. Ll • .i. 
Sh."o. Or; lied lJe2th at Strat. R.'.L. flo'" ~;e d tgui~t. us. ("'3/ 1 , j{ehldrKs 

CADASTRAL fARi~: AL,/Y ~ BALI~ORAL 

t>ortion: Kern. Local name-~oodlands Owner: ,~r Saayman 

ASI 1930 500'. sh. 34,44m 0,6, lIs p.h.+5h .p. StocK 4413 "erlni t NO. 
elec.motor 348/3/2/(;;11 

l~a..( fJr Ad 1 &!2 
I,J~:),JOJglir • 

AB2 1930 50g/hr. broken 'fl . p. 

t>ortion: item. Local name-Alwyn hoek OWner: lirs C. Stumke 

Rrl26 392' 61,I5m I DOg/hr. p. h. do~.& t'ennit 1'10. 
stOCK J40/ J/l (;de 1 

riole to oe 
sealed.Ne", on. 
JJo;JOJl/y r . 

RH26A 11 /6/79 137,5m 47,2m O,I2,2m c J. not tested 'i. salty f"1 I led 
II B,3m -95,5m sh. in. 

-130,&n sst 
-137,&11 sil. 

~H26B 30/7/79 15J,5m 11,3m 0-21,1. cJ. 31,75m O,751/s p.h. l~ot in use. 
140m -I09,7m sh. 

-II 1,3m gr. 
-lS8,Shl sh. 

RH26C 16/11/79 162,Bm 7 J,2m 0-162,8m cJ. not tested Sa lty .ii lied in. 
112,dm 
13 7,2m 

~rl2bO 9/1 0/79 33,53m dry 0-33,51, cl. not tested "0 \'later. 
f"i lied in. 

Rrl26£ 10/1/80 lO,lm 51 ,dill 0-15 , 2m cU 37 , I2m JOg/"r p.h. J~ot in use. 
64,Om sh. 

0-70,lm sst. 

RH26f 4/2/&0 123, Im 0-30,5m el . 23,3"'" 0,2 I/s. m.p. dom.& 
-70,lm sst. stOCK 
-1 06,7m cl. 
-121.~ sst. 
-123,lm sh. 



Date 
Sh.~o. Drilled 

RH27 

, 
~W ~. hm~ 

:;~ 

., ..... :,) 

Depth at Strat. R • ./ .L. flow yield Equipt. 

60Ll ' 200g/h. In.p. 

"'ater 
use 

dam. 
&: s tOCI( 

(mglJ ) 
r. Ll. 5. t{elnark s 

r'enni t ,~o. 
J4dl J/2 (;00 ) 
IJJ,JJJ~/jr. 

~OT£ The abo'tfe oorehoies with the prefix "j{tI" ha'tfe been incorrectly numoered as they do not fall within tne Rietneutiel caddstral LlolJnddrY. rney 
should be numbered with the prefix "Ad". To avoid confusion and because the "lUI" numbers have been used in all correspondence dnd reports-the original 
numbe rs wil I De retained for the present. 

CAnAS fRAL r' A~,i: MANZI 

t>ortion: rtern. of Saimoral Annex. Owner: ,~r P. ILi. l'IIiven 

SAl 1912 

SA2 1927 

SA3 1947 

Portion: ~em. 

RH21 

RH22 

tlH39 3/4/34 

2J5' 

196' 

6Sm 

1:.J6 ' 
205' 

0-I S5' cl. 
-23$' f:iS 

OWner: ,~r P.N.F. IH'tfen 

14\h 2Im-60g/hr. see bh. 
44m-2009/hr. 109 

14th-l,06 I Is 

~OTE The above 6 boreholes have been incorrectly numbered. 

f l o .... 

flow 

flow 

flow 

IJ,6\h 

Total for 151 /sec 
SAl ,2,3= 
5,6 I/see. 

I Dg/hr. 

13Jg/hr 

2,66 lIs 

i rr. 

11"'1"'. 

research 

They should have the prefix "Aof' (Ananz1) Defore the nUlnoer. 

a5 

22:; -' 

IS3 

11000 

J3hs. uAI,l,J 
ell,npri se the 
",'Iain uroup 
t>enni t r.Jo. 
34JI3/2(1:l0) 
4dO,J0091day. 

flo,," fro.n I3AI &2 
meas. o'tfer 
V-noten. 

Collapsed. 

Al fred '. s tl h. 

li ,nKa dn. 

£xpl.)ration 
uh. rJrilled fo r 
strat. info. & 
gC!opnjs. corr. 



..... 

- -

Date "'ater Art. Pumped "'ater r. Ll . S. 
Bn . No, Oril1ed Lle~th at Strat. R.~.L. flow Xi • 1d tgu1 ~t . us. (m2/1 ) t{enlark s 

CAOASTKAL t'ARl~: BAU£RSK~AAL 234 

Portion: 1. Loca l name-Bouwerskraal O\"ner: "'rs S,S.A, I~,Botha 

B~2 1962 300 1 25·, sh. 5.25m B009/hr. 2"rn.p. dam. &, Penlli t ,",a. 
220·. stock 34&/3/2(50&) 

8K4 1956 250· 30 ' sh. e,3()n 1000g/hr m.p. dam. err fatal 
100' stock. aostraction 

fralll t'tn. I not 
to eJ(ceed 
6,1l00,OOOg/yr • 

t'ortion: 2. Local name-Bouwerskraal (},omer: • k l.J,de I3.Slabbert 

BK6 15/5/63 386' 40' ms. flow 0,57 l/s ~750g/hr. e.p.+25 
190· h.p. stock 242 ~ennit J~O, 

330'. diesel 34J/3/2(544) 
1.:il:J/,S\llJg/yr. 

BK12 cl. &rl~S flow 1 Sealed wltn a 
steel plate. 

Portion: Rem. Local name-Glensamers Owner: I~r l~. C. Ran2er 

U9 350· Ti~S flow 0,12 l/s 2OOO9/hr dam. i rr 217 t'ennit 00. 
& stock J4d/J/l/(54;) 

J.u::l:i,OUU~/Jr, 

CAOASTRAL FMH: BONT~IIG 301 

BR1 500'. 200· e1. 200g/hr w.p. stock: 72011 

CAOASTRAL t'ARH: C£NTLlVR£S 231 

Portion: Rem. Owner: ."1r H.L C. J<.lelnhans 

CL1 1960 200' 120· gr. & sh. BOg/hr w.p. .dom & 3200 
stock 



Date \<later 
Bh.No. Drill ed Oepth at 

Cl2 21/4/65 217'. 130 

CL3 1964 330 ' 150' 

Cl6 16/10/70 520' 455' 

Portion: Centlivres west Outs2an 232 

Cl5 1957 660' 

Portion: 1. Owner: 14r.J.IL Pieterson 

ClB 30/10/73 231 ,8m n,lm 
1 Jl, 1m 

Portion: 2. O'riner: i4r.S.C.J. Bosch 

Cl9 7/5/80 HUn 91m 

G .. mer: 

Strat. ~.".L. 

gr. & sh. 17,89m 

gr. & sh. 

cl. & fi.\S 

Uitenhage Oivisional Council 

c1. 8. sh . 

0-77,lm sh 
-8Z.Jm sst. 

-23I,6m sh . 

0-4,9m t .S 
-57,9m c1. 
- 76 , 2m sst. 
-88.4m sh. 
-90,Bm sst. 
-103,Un sh. 
- 11:5.2m sst 
- 140,Un sh. 

77. 11m 

8S,SSm 

Art. 
flow 

I'umped 
lleld 

450g/hr 

150g/hr 

1000g/hr 

150g/hr 

120g/hr 
6h.p.eng 

lS001/hr 

'0 

EgulEt. 

w.p. 

w.p. 

m.p. 

¥4.p. 

p.h.+ 
stock. 

water 
use 

stOCK 

stock 

dam. & 
stock 

stock. 

50UO 

r.u.s. 
(m9/1 ) ilemarks 

3200 

6050 

4d4 Permi t ~o. 
J4J/3/2/(506) 

~ <> e' Q ~g/hr. ..las 

2570 

wedk. art. 442' 
x (i" casing 
cenented f n. 

1'10 penllit. 
..las weaK art. 

Pennit .w. 
340/3/2/( Sn) 
H7dm3/yr. 
400' x:)·'pvc. 
casi ng. 

Pennit 1'10. 
J4d/J/2/(S5~ ) 
SOOibJ/yr. 
14ax.13./;aJ/ddj 



~; 

Oate l'ater Art. Pumped Hater r.o.s. 
Bh.NO. Drilled DeEth at Strat. R.~.L. flo"" lield t:9uf~t. use (m~/l ) ~eJnarK s 

CADASTRAL fARJ~: COEGA 

Portion: ~em. OWner: J~r A. l'1a ttheu s 

Cl 400', 6,29m 2DDg/hr. uownpfpes st; 11 
in hole . 

C2 500' cl . & TI~S flow 122g/hr. 3600g/hr. stociC. 1300 Cas ing proo. 
corroded. 

C4 1928 sao' cl/ & [;1S 2,34m 144Dg/hr 3"m.p.+ dam. ill 322 
electric stoc~ 
motor 

Portion: 8 Owner: .~r Amersfoort 

C5 170' 2,81m .1200g/hr s.p. dam. & 165 
stOCK 

C6 650', an. sealed at 
collar. 

Portion: 2. Local name-Glen ~raham Ow'ner: ,-1r H. H. j~a asdor~ 

Cl0 250' c1. & sst 20,4Dm 6Dg/hr •• p. stock nOD was :>h. no. IIIfll 

Portion: 7. OWner: I~r D. J·lattheus 

C9 460' c1. & sst. flow ""eak p.h. dam. & 026 
stock 

~ortion: Rem. of Ptn. 3. Local name-Oe Rust Owner : rtr H. H. I~aasdorp 

C7 1944 450' c 1. & sst. flow 0,2 1/5 8DOg/hr. stock 



---". 

Date Water Art. Pumped l'Iater LO.S. 
Sh.No. Orilled Depth at Strat. R.~. L. flow yield Equipt. use (mg/l) 

CAOASTKAL F AKI~: CDEGA' S RIVER I~OUTH 

Portion: 1. Local name-Coegdsmond Owner: ;~r S. Potgieter 

C,il 495'. 

C,~6 151m- 0,21/s see bh. log 

Portion: 2. Local name-Sonop lll'l'ner: ,·11'" C. J. ferreira 

C.U 430', 24,3Om 

Portion: 4. Local name-Saltwork.s Owner: Cerebos rood Corporation 

C,~5 700' 4.97m 

CADASTRAl FAKli: COEGAS ~OP 316 

'>ortian 4. local name-Paisley Owner: i4r E. rI. Ferreira 

CKl 

CK2 25/1/57 

405' 

1541' 1541 ' 

blUe c1. 

0-1540-cl 
-1541-sst 

15,lOm 

flow 

300g/hr. p.h. stock. 

researcn 

200g/hr Droken 
w.p. 

400g/hr. p.h.+7.5 indo & 
h. p.motor dam. 

200g/hr. 

0,18 lis 3600g/hr. stock IJ6 

Kemarks 

t:xplordtion Iln. 
Ilri II ed for 
strat. info. & 
geophys. 
correlation. 

Open oh. 

Art. flo"" was 
orig. 5,4 lIsee. 
tl05S. sf tuated 
on Coega faul t. 



... 
~,-,., 

Date i'later Art. Pumped l4ater r .O.S. 
Sh.NO. iJri lIed Oe~th at Strat. ~ ••• L. flow lield £9 ui et • use (m9/ 1) KelRarks 

Portion: ~em. Laca 1 name-Ke 1 vi n Grove Owner: .~r C J j·lattheus 

CK4 432', Fi lIed in. 

CK5 6UO' 6.SJm 350g/hr. llpen on. 

CK6 170'. 3.05m 250g/hr. p.h.3h.p. riot in use. 

etCI7 150'. 125' 100g/hr. rilledin. 

1'0 rtion: Local name-PollocKshaws Owner: 141" C.J. 14attheus 

CK7 300' 4,64m 800g/hr. p.h. ,bt in use. 

CK9 796' flow 14. (;Ieaned for 
sealing. 

CKIO Sept.1950 808'. 156'-;n sst. Cret.to 790' 3.65m 1205m3/d 135 CI eaned for 
354' seal ing. 01"19. 
791'-w.l. art. flow was 

rose 1 d:i009/hr~dlld I 
to 93'. 

792'-w.l. 
rose 

to 7Y, 
804'-1'1.1. 

rose 
to 18'. 

805', -flow. 

CKIl 26/353 782', Cret. to 781' 3,dam I 442m3/d 124 Bh. stopped 
f10W'109 in 
1962. Cl eaned 
for sealing in 
19d4. 

Portion: ~em. of Ptn 1. Local name-~o11ocKshaws Owner: 141" C. J. Mattheu5 

CK13 1940 200'. ee •• el • • Tr·IS 8,87m 90Og/hr. s.p.3.G. dam &. 189 
h.p. stock. 

CKI4 1949 315 1 95' cc .• cl .• rl'ls 12UUg/hr. m.p. t40t in use. 



" ', 

'.-

Ilate ~ater Art. Pumped water r. O. S. 
Sh.No. Or; lIed Oe~th at Strat. ~.W.L. flow ~f.ld E9uf~t. us. (ong/I ) ,{ernark. s 

CKI5 204' 1200g/hr s.p. dam. 530 ProD. I edk.i ng. 

Portion: 7. local name-~elvin Grove Owner: l~r Rossouw Booysen 

CKI6 127m 32,83 p. h.driven dom. & 
oy tractor stock 

Portion: 13 Owner: SOEKOR 

CKI9 Nov.1968 15()n weath.sh 35,87m 120g/hr. rlole used for 
instr. 
caliordtion 

CAOASfAAL 'AR,~: ~OOR"~OI~ 229 Owner: l~r C J I'i eterson 

OKI I 945 500' cc. ,cl., T,~S. flow 20g/hr. stock 165 v. weak art. 

OK2 14/5/1947 254' 53'. 1440g/hr. ,".p. stocK "erlnit I~O. 
197', 34d/J/2( I 00) 

O~4 14/2/45 331 '. gO' cc. ,cl. I r,4S. 15,590 2000g/hr m.p. dam. AI rota l 
135' stock aostract1on 

from ~K2,4.6 
not more than 
I,O~5,OOOg/yr . 

OK6 1967 700', 10Og/hr 

OK7 19/1/82 89,7m 82.3m 0- Sen cc. 70.~Bm 0,38 I/s w.p. stock 
-14 cl. 
-19 sst. 
-23 sltst. 
-29 cl. 
- 33 sst. 
-90 cl. 

CADASTRAL 'ARI~: GAASSRIOGE 228 O",ner: rregathl~n 'arms (Pty) Ltd. 

GR5 182m 64,87m Open hole. 

,,~IO 2.IOm broken 
w.p. 



,~ 

Date ioIater Art. Pumped .later T.Ll.;) • 
6h.No. Drill ed Oe~th at Strat. R ••• L. flow lield £gu1~t. use (m9/1 ) i{emarks 

GRII flow v vleak III 

CADASTRAL ,AIM: CRASSRIDGE 226 OWners: Hrs de Beer and Hi ss ){autenbach 

GRl 1932 250'. 19,58 80g/hr. w.p. stock 2950 Permit ~o. 
34~!3/2f( SJ9) 

uj{2 1~45 SJO' 200g/hr. p.h.lh.p. stocK Total 
abstract; on 
4Jli>n3/yr. 

GR3 500', 29,43m 30g/hr. w.p. stock 

GRI3 16/10/72 403' 210' 0-150'. cc. ~. w.p. stock 
-210' cl . " .IV -113', sst. 
-403' cl. 

CADAS TRAL f AIM: KILLIIAGT 269 

Portion: Local name-Leliekrans Owner: ;·1r van Vuuren 

Hill 1965 332' 228' T~S. 66,5Om 210g/hr. Open bh. 

H~lA 13/6/71 426' 360-380 ' 0- 25' cl. 1126g/hr p.h. dom. AI 
-426' Ti~S stock. 

H~2 7/7/74 351 ' 210', cl. & TI~S 24g/nr. w.p. stock 

Portion: Rem Local naiile-Hillwacht iMner: .. ~r G. V. Naude 

H./3 1960 300' 39,66m 900g/h r . m.p. dom. & 
stock. 

HII4 600'. 42,66m broken 
"'.p. 

CAOAS TRAL f AR,~: ~LEI"£ GRASS RUG. Ol'l'ner: I~r Saalman 

KGI 38,16 w.p. stock. 3700 

Kli2 hand p. dom. 454 



. ..:...,; 

Date i'later Art. Pumped I'Iater T.lLS. 
Sh.No. Drilled Oepth at Strat. R.'.L. flow yield _ £quipt. use (mg / ll 

CADASTRAL FARM: LDIIGIIODD 295 

Portion: Rem. of Ptn. 4. local na me-longwood OWner: ;otr H. I~ . van der I ~erwe 

RH5 1958 320 1 38,12m 

RH25 27/8176 102m 74m 0- 70m el • 16,OOm 
-102m Tl!S. 

RH33 8/6/71 454 1. 423 1. 0-195 1 cl. 
-454 1 n~s. 

Portion: 7. Local name-Little Springs Owner: ur ~ossouw 

RH7 1940 290'. 240 1
. 

RH8 flow v weak 

RH9 1951 450 '. 300 1
, 

"ortion : 3. local name-lon~ood OWner : I~r 14.J . J. van RensbtJr9 

RH23A 6/10171 4a3 1 457' 0-31311 cl. flow 0,24 lis 
-433 1 ms. 

Portion : 2. Local name-lon~ood Jwner: I~r £.J . . 4eirin9 

RH6 1958 310 1 300 1 e1. & T,~S. flow v weak. 

2009/hr. 

1,6 lis m.p. 

634g/hr. 

4009/hr. hand p. 

2,86 lis m.p.+ 
4krl motor 

0,14 lis w. p. 

1290g/hr. m.p. 

dam. & 
stacie 

1rr., dom 
stock. 

dam. &; 
stacie. 

dam. & 
stacie 

stock 

136 

124 

~emark s 

"ermi t NO. 
346/3/2 (5 57) 
54I,500,/yr. 

:i41,::i0tJg/yr. 

547 ,5uu911r. 

/'lot in use. 

"ermit NO. 
346/3 /2(579 ) 
Rnl u,51 IIsee 
Rn6 l,J4 IIsee 
Rn' a,03 I/see 

"enni t NO. 
3461 312( 412) 
30ag/hr. 
1, u9:i,00llg/yr. 

Penni t No. 
346/J/2(4JI) 
~M6 u,075 l/sec . 
RHJ2 to De 
sealed. 
Rn32A 
6637m3/yr. 
0,51 I/see. 



' .. -
.:~ .. 
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Date water Art. Pumped i'iater r.o.s. 
Bh. No. Orill ed Oepth at Strat. R.~.L. flow yield Equipt. use (mg/I) 

R~32 2/6/70 433' 

RH32A 5/10/79 108m 

350' 
416 i 

102m 

0-280' cl. 
-290'. sst. 
-338' c1. 
-354' sst. 
-361l'. cl. 
-433' n-ts. 

0- 930 cl. 
-103m r,~s. 

Portion: 1. Local name-Longwood Owner: I~r J. S. Rudman 

RHI2A 34d'. 315'. 

t>ortfon: 6. OWners-,~rs Thompson & I.JrS Beneke 

RH11 1960 110' 60' 

RH40 21/4/82 62m 42m 

0-150' cl 
-3413' r:~S. 

cl. & T,~S. 

0-41m cUsst 
-62m ms. 

flo·,., weak IOI4g/hr. 

flow 30g/hr. 1,8 I/s. 

8,d4m 6309/hr. 

300g/hr. 

flow 200g/hr. 1980g/hr. 

w. p. 

w.p. 

I.S"m•p. 

hand p. 

dOllt. & 
stock. 

dam. & 
stock. 

dam. & 
stOCK. 

do.. & 
stock. 

IJ~ 

165 

212 

162 

;ternaries 

To Ile sealed. 

Permit 1'110. 
34d/J/2( Ill) 
I ,095,tJ009/yr., 

t'ennit ~o. 
J~8/3/2(576 ) 
4916mJ/yr. 

..1. of R~40 
greatly aff. oy 
pumpi ng of ,(Hd. 

NOTE: fhe boreholes listed under Longwood above have been incorrectly numbered. They were originally thought to oe situated within the Rietheuwel 
cadastral boundaries and were allocated the prefix "~HoI . The numbers should be changed to contain the Longwood prefix OIL"," .>ut because tne ~ti 
numbers have been used so frequently in correspondence and reports they will be retained for the present to avoid confusion. 

CAtJASTKAL NAI~E: ,~ORl~0'4SVLAJ(TE 562 1'40 .... part of the ["otherwell Township-Administered by the E.C.A.B. 

;~V2 400' 

,~V3 300'. 

CAOAsrRAL HArlE: ,APEH~UILSVLtI Owner: ,~r ' •• • F. Hiven 

PV2 27/5/82 117m 104m 0-42mcl. 
-117m mdst. 

36,Om 

4009/nr. 

1209/hr 

II/sec. 

w.p. stock 

w.p. stock. 

212 

15J 

,~ot in use. 

Filled in. 

Permit NO. 
J4d/J/2(ld3) 
491dmJ 3yr. 



... ....::,.. 

Date water Art. !'ulQped !later r.~.s. 
Bh.No. Drilled Oe~th at Strat. ~ ••• L. flow lield Egui ~t. use (m~/l I j{emark.s 

CAOAsr~AL ~I\,~E: ~~E~rICEKRAAL 233 

Portion: 20. local name-Randalia Owner: j<\r D.J. louw 

PK2 1960 300', 140', sh. 20,09m 6OO9/hr Recorder ~esearcn 
240', 

PK30 9/12/68 325' 80 i
, 0_2S i bb. ,cl flow 90g/hr 2,7 1 Is. stoCK 142 !'erm; t for 

310' - 90 ' sst. ~KJ~,;J; 

325' -270' cl .• sst 348/J/2(4;HJ 
-325' Ti<\S. 50UOmJ/yr. 

POS 16/11/81 106m 103m 0- 90m cl. 24,Dm 0,7 1 Is. w.p.+p.h. stock. 472 
-106m r'lS. 2.2k •• 

Portion: 7. Owner: I<\r t'.J. du Pisanie 

PK4 1959 420' 100', cl.&sh. flow 90g/hr 100g/hr I.S"m.p. irr.6 280~ Penni t ~o. 
stock. J48/3/2(51JI 

~K4-2, 4Uu,uUUg/yr. 

PK6 1963 320' cl.&sh. 11,66m w.p. stock. \:5til.l ~"ci-JUu ,~olU9ljr 

PK7 1963 380' 100', cl.&sh. 9.31m PK7-1,~95,uOlJg/yr. 
26ll', 

~K28 17 11/69 437' 25', sh&sst. flow v weak. 12UOg/hr 2"m.p. i rr.& Art. f1 ow ori 9 
13J' 6h.p. stock. 124g/yr. 
430' 

Portion: 11 . Owner: I<\r £.1", Saa,lman 

PK8 1962 250', ISO', sh. flow 200g/hr. 72Ug/hr stock. 3000 

Portion: 17. Local na~e-Harmonie Owner: ,~r J.F. Sauders 

PK9 1963 250' ISO', sh. 40,44m ISOg/hr w.p. stock. 400u Permi t i~O. 
348/J/2(5S~J 
3UUOg/day 
I,U95,UUUg/yr . 



:.-, 

~,; 

Date ~ater Art. I'umped water r. a. S. 
Bh.No. Drlll ed De~th dt Strdt. R.W.L. flow lleld Egul ~t. use (mgl1 ) Remarks 

Portion: 16 . OW'ner: I"r P. GreW'ar 

PKID 1958 220' 170' c1.&sh. 10,88m 30~9/hr w.p. stock 250U Penni t NO. 
348/J/2(,U9) 
JOUOg/ddY 
l,U~;,UUUg/yr. 

l'ortion:6. local name-Eureka Owner: 11r O.S . 'Iermaak. 

PK13 268' 21,53m 800g/hr. Open nole 
• 

PK13A 3U/9/77 5Cm T,~S. 16 ,57m 1 lIsec ... p.+p.h dam & 136 I'ennit ~o. 

stock. J48/J/2(514) 
4J7d.ilJ/yr. 

Portion: 13. Owner: I~r C.P. ferreira 

PK18 1956 230'. 212'. 

PK32 11/8/75 48m 27m a-22m cl. 6,22m 2,B l/s w.p. stock 52UO Perini t NO. 
43m -4&11 sh. 348/3/2( 528) 

4380..3 /yr . 
U,J8 1/, 

Porti on: Rem. Owner: r~r J. "'itching. Alses (Pty) Ltd. 

PK22 28/9/65 620' 0- 84' sst. 11 ,81m 50Ug/hr l.Jonthly water-
-620' cUsh. level medS. 

Portion : 8. Owner: ,~r S.J. R.udman 

PK31 11/4/69 363 ' 340'. 0- 62' cl. 150g/hr w.p. dam. & 2240 I'ermit I~O. 
- 70' bb. stock J48/J/2(;01) 
-240 ' cl. JUUOg /d dY 
-255' sst. l,ll:J::i.lJJJg/j r. 
-340' sh . 
-363' sst . 



,..5 

Date i'later Art. Pumped water r.U.S. 
ah.~O . Drilled Depth at Strat. R.w.L. flow yield Equipt. use (mg/I' 

Portion: 21. Owner: I~r C. van Antwerpen 

P04 30/a/79 144,Om 140,()n 0- 9am sst. 
-144m T,~S 

Portion: 12. Local name-Ruimte Owner: Ik f.L. Louw 

PK33 12/8/75 94,5m 24,4m 
64,Um 

0-2I,()n cl,sst 32.33", 
-94,5m sh. 

Portion: 2S-A Ptn. of Ptn 7. Owner: I~r J.J.O. lo/illiamson 

PK36 19/4/73 553', 

PK37 12/8/74 302m 

CAOASfAAL fM,~: 290 UIT.Q.lo.3. 

305', 

18()n 

0- 80' cl. 
-182 1 she 
-184 1 sst. 
-3U4' sh. 
-305 1 sst. 
-553'. she 

Local name-Glen I~ere Owner: i~r O.J. welgemoed 

PKI4 1927 500 1
• 450' cl.&TI~S. 

l,64m 

3,l2m 

flow 

0,64 I/s 

0,29 I/s 

3,2 l/s 

240g/hr 600Ug/hr 

w.p. 

w.p. 

c.p. 

s.p. 

dome & 
stoCIC. 

stock. 

dam. & 
stOCK 

dome & 
stock 

stock. 

~or£: This borehole is probe incorrectly numbered as it does not fall within the Prenticekraal cada.stral boundarj. 

384 

,{e,narK 5 

Pennit NO. 
34d/3fl(od7) 
437am3/yr. 
O,3d l/s . 

t'ermit rlo. 
348/3/2( 032 ) 
4~7",,3/yr. 
U,Jd l/s. 

Pennit I~O. 
348/3/2(0/2) 
I successful 
oh. 
I,O)o,OOO~/yr. 
JuOg/nr. 



· .: ' ...... ~, 

Date Water Art. Pumped ~ater T.O.S. 
~h."o. Drill ed oJe~th at Strat. ~ ••• L. floW' lield t:gui ~t. use (m2 /1 ) ,{elnarK s 

CADASTRAL FARH: RIETHEUWEL 296 

Porti on: 14. OWner: ,k L.J. Hu1der 

RH1 243' 240'. c1.&TIiS was 2,52 130 Sealed with 
lIs cement. 

RH31 1983 7Sm ISm see bh. log f1 oW' 1,2 lIs 9,0 lIs dam. & 124 "erml t tro. 
stock. 34J/3/2f( 136) 

loOOg/ctay .le"l. 
for rUil 

HH31 6am dry c1. Sealed ",ith 
cement. 

Port; on: d. Owner l~r N.". Smi th 

RH4 1951 779 1 3609/hr. Collapsed. 

Portion: 13. O..,ner: l~r N.P. Smith 

RH2 240' c1. Sal ty, 
ctlllajJsed. 

RH24 19/1/74 83,8m 49m 0-12m c1. was 0,5 not tested 140 Sealed with 
82m -83,8m TMS. lIs cement. 

RH34 1983 98m dry see bh. log. Collapsed. 

.lH35 1983 202m dry see bh. log. Collapsed. 

RH36 1983 108m 108m see btl. log. flow 1,9 lIs 9,0 lIs irr. & 130 Perm! t NO. 
stock. 348/312(104) 

4911.5m3/yr. 

~H3B 1913 76,2m 4d,8m D-55,Om c1. 400g/hr. ---- "'as weak art. 
55,am -76,2m TI~S. Sealed with 

celnent. 



· '--'" 

Date iJater Art. jlulnped ;later r. u.S. 
Sh.No. Or; 11 ed Oe~th at Suat. R.~.L. flow t ie1d Eguie t • use (mg/ll .{emarlCs 

Portion: 7 Owner: Rietheuwel Farm rare-fEci (rtll Ltd, 

RH3 1956 483' s.p. poultry t'enn; t "0. 
j.jd/J/2( IdJ) 
>,595,u"09/yr. 

Port; on: 4. Local name-Amanzi Estates Owner: ,41'" P.~.f. Niven. 

RHI4 1955 863' 0-120' cl. flol'/ Total i rr. 130 RHI4, I> .! 16 
-175' sst. flow I<.nO"'n as tn~ 
-538' cl. for foxcroft uroup 
-863', r,~s. ~H14,15,16 t>ennit ~o. 

=2300g/hr J4d/3/2/(IBd) 
144,Uililg/ddY • 
• H14 01"'1 g. 
yielded IiIJ0g/nr. 

RHI5 1959 1036 flow w.p. dam. RHI5 ori g. 
yielded 8140g/hr. 

RHI6 flow f rr. 

RH17 1956 55m with both s.p. irr. & 130 RHI7, 18&19 
pumps on, ISh.p. dom Known as tne 
total yield tdW'ards uroup. 
for RH 17&IJ Perini t NO. 
=22,IU0g/hr 348/J/2( I 891 

4aU,OOOy/day. 

RHlt! 1916 I SBm(7) IO.65m s.p. irr. & Flow stopped 
15h.p. do.n 1 9S4. 

RHI9 1951 227'. 170'. -176' 0- 19' lat. IO,5am recorder research Also called 
209' -126', c1. "Ndude" Dorehole. 

-227', r,~s. 

Portion: ~em wner: ;~r N.~. Smith 

RH28 1910 300' 33,35m 300g/hr w.p. dam. & 270 Pennit No. 
stock. 34d/J/2(JJ) 

AI13 
oorehol es 
100g/hr. 
J65,OIlUg/yr. 

RH29 1910 250' 13,51m 10Og/hr w.p. ~~lJ not in use. 

RH30 1963 550' 500' ee .• e1 .• sst. 59. 33m 60g/h. w.p. stock. 



Oate 
Sh.No. Drilled 

"'. 
, .' 

............ 1 

\oIater Art. I'umped water r.O.S. 
Depth _ at Strat. R.~.L. flow ,yield Equipt. use (mg/l) R.emarks 

NOTE: Borehole RH30 is incorrectly numbered. 
IIGIi'I. 

It falls within the Grass Rug 297 cadastral boundary and should nave nUIRoer prefi;(ed by the letters 

Other RH numbers may be found under l ongwood. }\Inanzi or Alwyn Balmoral. 

CADASTRAL f'AR,~: SANOI'ONTEIN 291 

"ortion: 2. Owner: .. ~r J.J.H. Claase 

SrI 13/3/ 1916 592', 

CADASTRAL f'A~~: SrlLL~£LL 

0-542'cl 
-592', T,~S. 

Portion: Rem. Owner: P E ,~unicipality. E.C.A.B . 

S>12 685'. 

Sutton Vallance-see ~ells Estate 

CADASTRAL FAiM: SIIARTKOPPEN 302 

"ortion: item. of Ptn. 1 Owner: l ~r A. I~attheus 

SKI 300' 

Portion: 17 Owner: I~r Pi enaar 

SK4 250 ' 

Portion: 20 Local name-Read1n2 Owner: A120a r3r1 cl<: and fi 1 e 

SK7 960' 

SK8 5UO'. 

flow v. weak 

23,04m 

was weak 

200g/hr. 

IOOg/hr. w.p. 

400g/hr. s.p. 
Idhrs/day 

IOOg/hr s.p. 

Orig. yield 
10,d0Jg/ nr. 

f'i lled in. 

1100 Hot in use. 

stock 5500 

indo 177 

dom. JJ6D 

i>ennit 1'40. 
34d/3f2( 442) 
o5"jcnJ /day 
24,00I1,3/yr• 



j~ 

Date Water Art. Pumped water r.ll.S. 
Bh.No. Drilled Depth at Strat. R.w.L. ____ flow yield Equipt. use (mg/l) 

Portion: 27 . Owner: Salnova Salt 

SKID 

SKII 

SK2DA 

592 1
• 

684 1 

IBm D-10m sand 
-17m sst. 
-IBm c1. 

Portion: ~em. of Hn. Reading Owner: Algoa Brick and rile 

SK12 790 1 720 1 cl .• bb .• Ti~S. 

Portion:5. Owner: I~r A. J~attheus. 

24,53m 

0,35 

flow 

6,OBm 

40g/hr 

850g/hr. 

50g/hr. 

6,7 1 Is. 

2000g/hr. 

m.p. Sh.p . 

s.p. 
3h . p. 

w.p. 

dom. 295~ 

630~ 

dam. 625 

stock. 0260 

Re.narK s 

riot in use. 

Not in use. 

t'roo. leaking. 

SKI3 

NDfE: 8hs. SI<18 and 5;(19 bel ow are incorrectly numbered. They fall within the Coegak.op cadastral ~oundary and should oe prefixed tifth the letters 
'ICK" . 

SK18 17/5/28 276' 

SK19 

CAOAS r KilL F A.,1: ~ [fE,~riAG£ CO,~1ONAGE 

UC1 1919 520'. 

CAOASftlAL i'M,1: wEL8£DACHfSFONfEIN 300 

Portion: Rem. local name-Greenhills Owner: 

wFI 170'. 

wFIA 1976 122m 21m 
40m 

116m 

0-254 1 cl. 
-276 1 Ti~S. 

I~r C. l~ul1 er 

0-21m bb. ,c1 . 
-43m sst. 
-49m c1. 
-122m sst. 

flow 40g/hr 

flow 50g/hr 

flow 0,15 lIs 

3,2Bm 

2DOOg/hr 

7,5 lIs 4"m.p. 
50h.p. 

dam. &. 
stOCK. 

dom. 8. 
stock. 

stock 

frr., dam 
stock. 

390 

390 

177 

Orfg. art. flow. 
lSdOg/hr . 

Orig. art. flow 
5tJuJ!)/nr. 

I~onthly w.l . meas 

jlermft NO. 
348/3/2(4)J) 
1,65 I Is 
1188Im3/yr. 



-.i ' .. ' 

Ilate W'ater Art . Pumped wiater r.~.s. 
Bh. NO. Orill ed Oe~th at Strat. R.;I.l. flow lield Egui ~t. use (mg/ll ~emarl<s 

Wf3A 1976 111m 0- 37m Crete flow 200g/hr. 500Dg/hr dolO. & 14d I,u lIs 
-11m ms. stocl( 720UnJ/yr. 

Portion: 7. local n ame-r~aasward (f,o/ner: l~r H.H. Maasdor2 

~f5 11 ,35m 200g/hr. w.p. dome & 407 Pennit ~o. 
stock. 3401 3/2( 3d51 

.f5 12,uOOg/day 

WF6 1953 720'. 620 '. 0-620' cl. 6,/4m 6000g/hr ~9 p.h. irr. & .,6 liu,DuO,/day 
720 '. -720' H1S 4)5hp. stock. 

IIfl4 1955 730' 250' flow 0,4 lIs 3,B l Is 012 p. h. frr. dt adS .fl4 IJJuDUg/day 
4,6kll. 

.F15 1954 4lh) '. 100'. "'0 T,~S. 13,040 10Jg/hr • • p. stock. :i.lJ(j1J 

~f23 1953 700' 350' cl . &T;~S. flow weak 32DOg/hr 2"m.p. irr.& 124 
stock. 

Portion : 3. Local name-~albl !'ark Ow"ner: ,~r 1"1.1"1. l~aasdor2 

.In 200g/hr w.p. stock. 169U i'ennit/'lo. 
J4d/J/2( 1751 
.,7 30,JOug/day. 

~f8 1953 5.9m 1200g/hr .fd ~,JuUg/d.y. 

.If9 IUOg/hr w.p. stock 

,FlO 7,6d 150g/hr w.p. stock 

IIF24 217'. 75g/hr. w.p. stock 

~f26 154' 6.471n w.p. stock. 

Wf35 1984 127m 25m 60g/hr see bh.log 2,34m 1,2 l Is research 1027 dh. drilled for 
127m 1,2 lIs carr. 0 strate 

info. 

Portion: 4. Owner: r~r H.H. i~aasdor2 

Wf27A 139m 5,5Om 1200g/hr 1.5"m.p. dom.& Penuit ~a. 
Sh.p. stOCK J4d/312(Jdll 

JOUg/hr. 
1,090,JJOg/yr. 



,,' 

': .::.';: 

ilate Water Art. Pumped Io/ater T..J.S. 
Bh.No. Drill ed DeEth at Strat. R.i/.l. flow ~ield EguiEt. , use (mg/1 ) ~emdrlc.s 

Portion: 6. local name-6randwd2 Owner: Maste r Brickworks 

i/FI2A 25/5/70 504' 140' 0-497~ cl . flow v. weak 660g/hr p.h.5h.p. indo salty PefiUi t 1'10. 
497 " -504' sst. J4d/J/2( ;10) 

300g/hr. 
I,O";,OO"g/yr. 

Portion : 13. Local name-Airedale Owner: 1'11" rl.f. rait 

IoIF16 1954 920' 604' cl. &: TI~S . flow 60g/nr 1200g/hr 21S Sedled .... ith a 
steel plate. 

1/1'17 1954 750', 50Q', cl. & r,~s. flolll 200g/hr aOOg/hr dam. 6c 2J6 Permit NO . 
stock 34&/3/2/(3d6) 

2" ,U"g/day. 

Portion: 15. Loca l name-Airedale !Mner: I~r C.C.B. Rade,nez:er 

.F18 1938 350', 300' cl. & ms BOOg/hr s.p. dom.& indo 

\~t=33A 1975 137,7m 9,lm 0-9.1m sst. 4.20m I ,I I/s s. p. dam.&! indo 
45,7m -54.9m cl. 
86,9m -86,9m sst . 

-137,7 c1. 

Portion: 9. Local name-Airedale Owner: lk ti.i~. Llold 

_F19 1954 920' 720', cl. & sst. 1l,22m 400g/hr s.p. dam. 

Port ion: 10. Local name-Hillside Owner: .1r Pentz 

~r' 21 1956 1050 ', 750' 18,64m 500g/hr s.p. dam. a: 1 nd . ---- I'ennit rio. 
1000', 340/3/2 (311 ) 

>,""Og/day. 



..... :; 
_.' 

!late .later Art. I'umped .later r.O.S. 
Bh.No. Drilled Depth .t Str.t. R.~.L. flow yield Equipt. use long/I) 

Portion: ~em. of ~tn. 1 Owner: Bastia {tdms.} Bke. 

WF31 400' 280' 0- 22' cl. 72.48m BOg/hr w.p. stock 
- 7lJ' cl. 
- 80' sst. 
-260 ' c1. 
-280' sst. 
-400' c1. 

CADAS fRAL fAR;~: WELLS ESTATE 

Portion~ 11. Owner: Quarry Sales, P E j~unicipality 

SVI 200', SDg/hr. lII.p. dom. & 266 
stock. 

~emarks 

t>ennit tlo. 
J4il/J!2IoI4) 
0.38 I/sec. 
4917m3/ yr. 

SV3 1220' 850' Cret . to sao' flow 16.300g/h pressure ; nd. SAR. lJ6 'I strong art. 

SV4 

SV7 

NDfE: 

gauge . 

1226' l,92m 

10,5', 1,27m Sds 

These 4 boreholes are incorrectly numbered. rhey fall within the ~'ells estate cadastral Doundary and not Sutton 'Iallance . 

~n.proo.Dlocked. 

Large diam.well. 



APPENDIX 2 

GROUNDWATER CHH1ISTRY 
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GROUNDWATER CHEMISTRY UITENHAGE / COEGA AREA. PAGE NO , . 

~ampling Date of H Conduc- . Na K Ca Mg S04 Cl TAL NH4 N0
3 

F Si P 

Poin t Sample Number pH tivity 
(Sh.Ne) (mS/m) 

in mg/f 

SK 1 82.08.18 2412788 7, 3 187 3 10 18 35 15 54 480 125 0,396 0 ,006 0,384 6 0,006 

SK 4 82.09.07 43 24 7 ,6 940 1~40 13 400 160 350 3200 75 0,125 0,138 0, 889 6 0 , 006 

SK 7 82 . 08. 18 2796 7 , 3 40 40 10 ,2 2 1 37 96 0,037 0,141 0,679 8 0,005 

SK 8 82.08 .18 2801 7,6 570 1 250 9 18 3 340 1620 110 0 ,083 0,100 1.737 6 0,003 

SK 10 82.08.18 2819 8,2 500 11 00 4 0 6 23 0 1380 170 0,109 0,097 2 , 429 6 0,000 

SK ' 2 82.08.18 3263 7 , 2 106 200 8 15 3 45 240 11 0 0,052 0,089 1, 088 7 0 , 008 

SK 18 82.08 .1 8 32 71 6,9 66 85 16 17 10 20 160 50 0,044 0 ,091 0 , 570 7 , 0,008 

SK 19 82.08.18 3289 6,8 66 90 5 17 10 24 160 50 0 ,048 0,094 0,497 7 0,003 

SK 2011. 82 .08.19 3297 6,1 1070 19 00 110 85 200 430 3600 0 13,486 0,097 0,308 1 0,006 

CK 2 82 . 07.23 2649 7, 7 23 32 8 6 3 0 29 55 0,024 0,078 0,495 7 0.025 

CK 13 82.07.23 2657 7 ,7 32 37 11 11 6 6 50 52 0,039 0,022 0,376 9 0, 0 16 

CK 15 82.07.23 2665 8 ,1 90 140 15 30 10 35 200 110 0,026 0 ',019 0 ,422 8 0, 000 

SV 1 82 . 09. 19 3221 7,6 45 59 11 15 9 9 70 100 0,044 0,102 0,828 8 0,014 

SV 3 82.08.18 3239 7,1 23 27 10 6 4 6 37 44 0 ,044 0,105 0,604 9 0 ,029 

SV 7 82.08.19 324 7 7,4 150 200 18 65 33 63 220 370 0,048 0,523 1,236 1 ~ 0,06 1 

MV 2 82.08.18 3255 7,6 36 68 8 5 3 9 39 120 0, 052 0, 139 0,736 9 0,0 58 

MV 3 82. 07.23 2712 6 ,7 26 31 3 10 4 15 53 25 0,034 0 ,212 0 ,186 3 0 ,0 09 

C 2 82.08.18 4227 7,3 220 330 24 60 21 18 6 30 60 0,060 0,033 0 , 300 5 0,009 

c 5 82.08. 18 4251 7, 4 28 40 9 7 2 1 36 80 0,036 0,066 0 ,528 7 0 .. 0 13 

C 9 82.08.18 4269 7,9 14 0 205 21 37 16 35 380 50 0,035 0,038 0,384 6 0,009 

WF 311. 82.07 . 16 2631 7,5 25 30 11 5 4 0 33 42 0,0 24 0, 03 0 0,403 7 0,060 

WF 5 82.09.29 49 18 8,2 69 150 2 3 2 21 100 170 0,023 0,105 0,865 5 0 , 026 

WF 14 82.09.29 4926 7 , 8 150 290 5 18 3 14 400 11 5 0,015 0,070 0,497 7 0,008 

WF 15 82.09.29 4934 8,0 850 1550 29 175 120 470 25 50 230 0,033 1,426 1, 018 6 0 ,007 

WF 16 8 2. 09.08 43 32 8, 1 37 77 1 3 0,6 0 30 145 0,044 0 ,050 0,654 11 0,079 

WF 17 82 . 09.08 4316 7,9 40 87 2 2 0,3 2 32 150 0,045 0 ,1 35 0,71 2 9 0,041 

WF 23 82.09.29 5304 7,2 21 27 11 5 3 3 33 46 0,022 0,000 0.360 7 0,019 

8R 1 82.09.09 424 3 8,2 1220 2600 18 140 70 830 3550 170 0 ,315 0,797 0, 898 6 0,008 

RH 1 82.07 .22 2720 6,9 22 24 7 7 4 2 43 32 0,038 0,056 0,340 13 0,010 

RH 8 82 . 07 . 22 2738 6,9 23 24 8 7 4 3 41 37 0,031 0.030 0,456 11 0.028 

RH 1 1 82.07.22 2770 6,9 36 35 1 2 9 6 27 60 35 0,014 0,077 0,237 7 0, 000 

RH 15 82.09.22 5370 7 ,2 . 23 29 9 5 3 6 48 32 0,028 0,0 07 0,357 11 0,016 

RH 18 82.09.22 82415354 8, 2 22 27 8 5 4 8 45 24 0,032 0,005 0,349 13 0,009 

. 



" ::, 
-.....iI 

GROONDWATER CHE~lISTRY U lTENHAGE / COEGA AREA. PAGE NO 2. 

Sampling Date of H Conduc- Na K Ca Mg S04 cl TAL NH4 N0
3 

F Si P 

Point Sample Number pH t iv i ty 
(Sh.Ne) (mS/m) 

in mg/i 

RH 22 82.10.22 8241603 6,6 26 37 9 7 5 4 50 40 0,007 0 , 056 0,288 6 0,017 

RH 23A 82.07.22 270 6,9 21 24 8 5 3 2 40 37 0,067 0.028 0,241 14 0.039 

RH 28 82.07.22 269< 7,6 46 85 3 0,6 0,3 19 70 80 0,033 0 , 000 1,520 8 0,375 I 

RH 32 82.07.22 2681 7,2 22 30 8 5 3 1 7 42 29 0,036 0,000 2,295 14 0,007 

RH 32A 82.07.22 267: 7,7 28 30 8 17 4 0 38 58 0,024 0,016 0,262 14 0,008 

KG 1 82.09.09 422' 7 . 7 630 870 40 180 165 230 1700 280 0,046 0,062 0,413 9 0,009 

KG 2 82.08.17 427 8,8 77 180 0,5 1 1 0 80 270 0,042 0,039 5.796 6 0,008 

BA 1 82 . 09.22 540 1 7,0 38 50 6 6 7 12 85 24 0,030 0,043 0,272 8 0,026 

GR 1 82.07.16 262: 7,9 500 830 32 80 105 115 1400 300 0,032 0,374 0,608 9 0,002 

GR 11 82.08.17 4285 7,5 30 45 11 5 2 0 40 83 0,045 0,041 0.983 6 0,001 

OK 1 82 . 08.17 4293 7,5 28 48 7 2 1 0 40 76 0,042 0 , 042 0,626 5 0.054 

PK 4 82.09.15 434( 7,9 470 820 10 70 ' 70 250 1140 310 0,041 0.051 0,642 6 0,014 

PK 6 82.10.22 6041 7,6 265 3.20 8 65 70 70 700 130 0.031 0,043 0,520 10 0,008 

PK 8 82.09.22 542 I 7,6 520 860 11 110 105 330 1300 380 0,039 0,044 0,681 . 8 0,005 

PK 9 82.09.22 541 ' 8,2 680 1400 15 55 ' 60 350 1950 300 0,030 0,0 1 1 0,601 5 0,006 

PK 10 82.09.15 4366 8,6 430 800 16 42 54 220 1050 330 0,0 16 0.024 0,536 6 0.008 

PK 13A 82.09.29 5320 7,1 23 29 7 3 6 5 54 37 0,031 0,002 0.418 6 0,004 

PK 18 82 . 09.15 4382 7,8 860 1330 20 230 270 540 2600 260 0,017 0.050 0,554 7 0,009 

PK )0 82.07.22 2754 6,8 ,24 27 8 4 6 0 47 47 0,347 0,031 0.511 4 0.006 

PK 31 82.09.29 5338 8,2 380 720 11 22 36 140 1020 2:40 0.023 0.2:51 0.858 8 0.000 

PK 32 82.09.15 4358 7,5 880 1290 19 320 270 570 2500 380 0,041 0.000 0.953 6 0,006 

PK 34 82 . 09 . 29 5388 7,2 65 100 4 ' 8 1 0 20 150 55 0,029 0.007 0,368 6 0,008 

PK 35 82.07.22 2746 7,2 80 145 5 8 9 12 180 85 0,045 0,031 0,604 9 0.02S 

UC 1 82.09.29 5362 7,4 30 40 6 6 S 3 56 52 0,028 0,039 0,590 5 0,011 

BK 6 82.10.21 6083 6,8 41 51 5 13 8 16 80 45 0.010 0,048 0,293 7 0,007 

SK 9 82.10.21 6075 5,7 47 67 2 5 10 14 120 11 0.010 0,050 0,365 5 0.007 

CL 1 82.10.22 6067 8,0 540 945 12 50 75 210 1450 320 0,029 0,095 1.404 6 0.008 

CL 2 82.10.22 6059 8,3 540 940 20 60 100 420 1300 410 0,02:4 0,069 1,362 5 0,009 

CL 3 82.10 . 21 6122 7,9 1500 2720 46 210 300 710 4700 500 0,039 0,280 0,999 5 0.001 

CL 6 82.10 . 21 6106 7,7 82 170 2 7 2 22 160 130 0.007 0,045 0.510 7 0,008 

CL' 8 82.10.21 6091 8,0 850 1690 37 60 115 440 2500 360 0.0 10 0 ,. 047 1,547 2 0.008 

AS 1 82.08.17 4308 7,9 750 1450 30 73 78 440 2100 120 0 .035 0.219 0,736 5 0,014 

SPRINGS 82 . 09.22 82415396 6,2 14 20 1 2 1 3 39 6 0,029 0,107 0,300 5 0,034 



APPENDIX 3 

RESISTIVITY FIELD SHEETS AND 

INTERPRETED CURVES 
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Map Ref. : 33" 40' 48" 
25" 31' 58" 

Date : 14.01. 83 Direction: 116" 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 ,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23 , 74 
56,2 
12,57 

156 , 7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

V 

mV 

1165 
546 
174 

26,8 
187 

3,42 
14,7 
1,94 
7,49 
4,37 

11,3 
3,53 
8,83 
2,24 
5,56 
2,18 
1 ,83 

,733 
3,08 
1,05 
4,34 

,391 
1,55 

,764 
, 501 

2,01 
,214 
,848 
,147 
,562 
,104 
,405 
,161 

Survey : COEGA 

E.S. No . 1/3 

I 

rnA ..n.m 

72 95,3 
135 55,6 
148 29,1 
124 18,8 
125 18,8 
115 4,7 
117 4,7 
139 4,3 
137 4,1 
160 4,2 
162 4,1 
268 4,6 
267 4,5 
278 5,1 
277 5,0 
215 5,7 
297 6,2 
176 6,5 
175 6,6 
436 7,4 
434 7,5 
292 8,4 
283 8,5 
268 10,0 
299 10,5 
293 10,3 
269 11 ,2 
270 10,9 
306 12,1 
302 11 ,6 
327 12,5 . 
325 12,1 
298 11 ,9 



") 

t~ap Ref.: 33°41'10" 
25° 31' 50" 

Date: 12.01.83 Oi recti on: 130° 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 
3770 

22000 

V 

mV 

1550 
43,7 

184 
378 
189 

5,05 
19,50 

2,00 
7,16 
3,90 
9,93 
1 ,90 
4,66 
1 ,50 
3,72 
1 ,19 

,878 
,618 

2,76 
,394 

1 ,68 
,252 

1 ,14 
,354 
,203 
,828 
,125 
,502 
,145 
,282 
,217 

1 ,09 

,945 

Survey: CO EGA 

E.S. No. 1/4 

I 

rnA 

103,5 
119,3 
123,2 

98,8 
99,6 
97,6 
98,3 
95,6 
96,3 

104,8 
106,3 
104,0 
105,2 
123,2 
126,3 

84,5 
104,7 
110,4 
111 ,3 
126,6 
123,3 
156,0 
156,4 
100,7 

98,6 
99,7 

143,3 
142,4 
273 
143,1 
615 
795 

66,2 

-nm 

88,2 
50,3 
36,9 
21 ,5 
23,8 
8,1 
7,5 
6,4 
5,6 
5,8 
5,5 
6,4 
6,1 
7,6 
7,3 
7,9 
8,4 
8,8 
9,3 
9,6 

10,3 
10,2 
11 ,3 
12,4 
12,9 
12,5 
12,3 
12,2 
13,3 
12,3 
13,8 
13,4 

15,0 



'., 
: .. ) 

Hap Ref.: 33° 41' 49" 
25° 31' 35" 

Date: 11.01. 83 Di recti on: 130° 

OA MN 
m m 

1 0,5 
1 ,5 
2 

0,5 
0,5 

3 0,5 
2 

5 0,5 
2 

7 0,5 
2 

10 2 
5 

15 2 
5 

20 2 
5 

30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 
3770 

22000 

V 

mV 

7253 
1575 

695 
274 

1505 
23,0 

187 
6,1 

27 ,2 
12,5 
39,2 
1 ,50 
4,15 

,616 
2,77 

,960 
,552 
,415 

1 ,50 
,192 
,720 
,211 
,217 
,157 
,067 
,278 
,157 
,595 
,020 
,070 
,023 
,078 

,056 

Survey: COEGA 

E.S. No. 1/5 

I 

mA 

52,3 
34,3 
33,3 
43,2 
43,4 
21 ,6 
35,8 
33,1 
31 ,5 
88,0 
87,8 
34,8 
34,5 
26,3 
44,5 
40,6 
37,9 
43,2 
41 ,9 
34,7 
34,5 
74,2 
22,2 
33,9 
26,7 
26,9 

139,0 
138,6 

28,6 
28,0 
43,6 
43,9 

53,8 

..n.m 

816,8 
630,9 
516,3 
356,5 
435,9 
166,9 
196,9 
56,7 
65,1 
22,1 
26,3 
15,2 
16,5 
14,7 
15,4 
13,3 
14,6 
15,1 
13,5 
17,1 
15,7 
17 ,8 
15,2 
16,3 
15,7 
15,6 
16,0 
14,9 
17,6 
15,6 
20,7 
17 ,3 

22,9 



') 

Map Ref.: 33° 42' 31" 
25° 31' 20" 

Date: 20.01.83 Direction: 122° 

OA MfJ 

m rn 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 
3770 

22000 

V 

rnV 

1252 
623 
343 
124 
633 
58 

211 
26,5 
93,5 
53,0 

147 
10,42 
26,7 
6,38 

30,3 
7,98 
4,13 
5,51 

21 ,9 
1,17 
7,97 
1 ,33 
4,69 
2,49 
0,379 
1 ,94 
0,169 
0,656 
0,295 
1 ,13 
0,188 
0,791 

0,562 

Survey : COE GA 

LS. No. 1/6 

I 

rnA 

70 
129 
176 
167 
202 
262 
262 
243 
242 
341 
342 
192 
193 
212 
402 
258 
251 
518 
522 
210 
369 
491 
445 
513 
134 
184 
116 
116 
350 
347 
286 
343 

430 

..n.rn 

105 
66,4 
48,2 
41 ,7 
39,4 
34,7 
30,4 
33,5 
29,1 
24,1 
25,3 
19,1 
19,0 
18,9 
18,6 
17 ,4 
16,5 
16,7 
15,8 
17,1 
16,3 
17,0 
16,4 
17,1 
17,7 
15,9 
20,6 
19,6 
21 ,2 
20,3 
25,8 
22,5 

28,8 



) 
: .. -.... 

~lap Ref.: 33' 43' 12" 
25' 31' 06" 

Date: 18.01.83 Direction: 140' 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
354 

6280 
1555 
3520 
6270 
1058 

14120 
3471 

25100 
6220 

39250 
9759 
3770 

22000 

V 

mV 

2925 
506 
417 
118 
549 
35,8 

147 
24,7 

105 
82,3 

220 
12,9 
32,5 
9,8 

25,0 
14,1 
4,36 
1 , 27 
2,55 
1 ,35 
5,42 
0,840 
3,37 
1 ,32 
0,630 
2,99 
0,224 
0,868 
0,574 
1,28 
0,182 
0.706 

0,920 

Survey: COEGA 

E.S. No. 1/7 

I 

rnA 

632 
331 
550 
363 
368 
324 
313 
469 
474 
796 
803 
315 
313 
442 
447 
579 
314 
138 

68 
278 
279 
356 
353 
301 
262 
289 
179 
174 
734 
425 
273 
274 

547 

Jl.m 

27,3 
21 ,0 
18,8 
18,3 
18,8 
17,3 
17,7 
16,2 
16,7 
16,1 
16,1 
14,4 
14,3 
13,9 
13,8 
13,7 
13,9 
14,4 
14,1 
14,9 
14,6 
14,8 
14,8 
15,4 
15,1 
15,6 
17,7 
17,3 
19,6 
18,7 
26,2 
25,1 

37,0 



) 

~lap Ref.: 33° 43' 30" 
25° 30' 59" 

Date: 25.01.83 Direction: 108° 

OA MN 
m m 

1 0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

Y 

mY 

47·;5 
1270 

439 
90 

483 
12,68 
54,6 
2,77 

11 ,07 
2,61 
8,51 
1 ,00 
2,82 

,618 
1 ,81 
1 ,03 

,465 
,380 

1,77 
,480 

2,25 
,258 

1 ,169 
,214 
,340 

1 ,63 
,244 

1,045 
,155 
,716 
,125 
,295 

Survey: COEGA 

E.S. No. 1/8 

I 

mA 

94,8 
70,0 
70,4 
63,2 
62,3 
75,1 
74,0 
86,9 
86,0 
83,4 
81 ,4 
69,5 
69,2 
72,9 
73,5 
78,6 
61 ,4 
76,1 
75,2 

172,8 
176,2 
147,7 
148,9 
56,7 

168,0 
168,8 
185,0 
185,0 
175,0 
176,0 
178,8 
98,8 

.Jl.m 

295,0 
249,3 
154,3 
80,0 
97,5 
26,5 
27,8 

9,8 
9,7 
4,9 
6,2 
5,1 
5,6 
5,3 
6,1 
7,4 
7,6 
7,8 
8,9 
8,5 
9,6 

11 ,0 
12,2 
13,3 
12,7 
14,6 
18,6 
19,6 
22,2 
25,3 , 
27,4 
29,1 



.) 

Map Ref. : 33° 44' 09" 
25° 30' 46" 

Date: 13.01.83 Direction: 108° 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 
3770 

22000 

V 

mV 

3215 
734 
135 
45,2 

253 
11 ,0 
46,5 

5,07 
19,1 
8,17 

21 ,8 
3,24 
8,15 
1 ,70 
4,25 
1 ,21 

,908 
1 ,33 
6,04 

,901 
4,01 

,606 
2,73 

,739 
,650 

3,17 
,434 

2,07 
,323 

1 ,49 
,169 

1 ,02 

,776 

Survey: COEGA 

LS. No. 1/9 

I 

rnA ..n,m 

278 68,1 
204 49,4 
107 31 ,2 
167 15,2 
169 18,8 
242 7,1 
244 7,2 
259 6,0 
256 5,6 
236 5,4 
236 5,4 
186 6,1 
185 6,1 
154 6,9 
154 6,8 
88,0 7,7 

110 8,3 
241 8,6 
239 9,5 
318 8,7 
323 9,4 
426 8,9 
432 9,8 
244 10,7 
349 11 ,7 
351 13,6 
429 14,3 
436 16,5 
457 17,7 
464 20,0 
425 15,6 
423 23,5 

518 33,0 



- ) 

Hap Ref .: 33° 44' 30" 
25° 30' 39" 

Date: 17.01.83 Direction: 160° 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 
3770 

22000 

V 

mV 

204 
205 
125 

77 ,4 
300 
16,1 
64,9 
5,90 

27,5 
6,55 

17,6 
2,42 
6,01 
1 ,08 
2,60 
4,60 
2,89 
1 , 97 
8,57 
1 ,27 
5,42 

,765 
3,23 
1 ,76 

,910 
3,95 

,457 
2,12 
0,290 
1 ,26 

,177 
,491 

,420 

Survey : COEGA 

E.S. No. 1/10 

I 

rnA 

217 
229 
196 
220 
219 
207 
206 
233 
228 
193 
194 
195 
195 
146 
142 
543 
545 
513 
515 
531 
531 
570 
552 
573 
484 
477 
523 
534 
510 
507 
415 
415 

402 

.Jl.. m 

8,5 
12,3 
15,8 
19,8 
17,2 
12,2 
11 ,9 

7,8 
7,4 
5,3 
5,3 
4,4 
4,2 
4,6 
4,52 
4,8 
5,3 
6,0 
6,3 
7,4 
7,7 
8,4 
9,1 

10,8 
11 ,8 
12,5 
12,2 
13,8 
14,3 
15,5 
16,7 
17 ,9 

23,0 



. . , 
. " 

Map Ref. : 33° 45' 06" 
25° 30' 23" 

Date : 17.02.83 Direction: 120° 

OA MN 
rn rn 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

V 

rnV 

535 
183 
52,0 
12,3 
67,S 
2,66 

11 ,72 
3,12 
3,08 
4,63 
9,77 
4,10 
8,60 
1 ,53 
2,88 
3,81 
1 ,17 
1 ,93 
9,42 
0,37 
1 ,782 
0,62 
2,97 
1 ,28 

,804 
3,78 

,539 
2,47 

,352 
1 ,50 

,159 
,690 

Survey: COEGA 

E. S • No. 1/11 

I 

rnA 

204 
245 
189 
192 
193 
166 
165 
352 
350 
228 
215 
416 
421 
246 
224 
561 
287 
692 
686 
221 
221 
629 
625 
499 
488 
516 
616 
618 
627 
623 
448 
449 

..n.rn 

15,4 
10,3 
6,8 
3,6 
4,4 
2,5 
2,7 
2,7 
2,8 
3,2 
2,7 
3,5 
2,8 
3,9 
3,2 
3,8 
4,1 
4,4 
5,2 
5,1 
6,1 
6,2 
7,4 
9,0 

10,3 
11 ,0 
12,4 
13,9 
14,0 
15,0 
13,9 
15,0 



.) 

Map Ref: 33" 42' 42" 
25" 35' 30" 

Date: 17/2/83 Direction: 140" 

OA MN K Y 
m m mY 

1 0,5 5,89 6200 
1 ,5 0,5 13,74 2620 
2 ,5 23,74 899 
3 0,5 56,2 237 

2 12,57 1470 
5 0,5 156,7 43,2 

2 37,7 228 
7 0,5 307,5 7,75 

2 75,4 37,2 
10 2 155,5 8,39 

5 58,9 21 ,9 
15 2 352 3,68 

5 137,4 8,76 
20 2 627 3,84 

5 247 8,90 
30 5 562 2,49 
40 5 1001 1 ,28 
50 5 1567 1 ,120 

20 377 4,85 
70 5 3075 ,395 

20 754 1 ,65 
100 5 6280 ,191 

20 1555 ,766 
150 20 3520 ,637 
200 20 6270 ,328 

80 1508 2,53 
300 20 14120 ,211 

80 3471 1 ,579 
400 20 25100 ,158 

80 6220 ,310 
500 20 39250 ,30 

80 9750 1 ,09 
750 80 22000 

Survey: CO EGA 

I 

mA 

76 
89 
71 
70 
70 
75 
75 
56 
55 
52 
52 
59 
59 

106 
105 
64 
73 

110 
109 
86 
86 
91 
90 

168 
137 
273 
179 
354 
232 
122 
662 
656 

E.S. Ho:2/1 

...n.m 

480 
404 
313 
190 
264 
90 

115 
42,5 
51 ,0 
25,1 
24,8 
21 ,9 
20,4 
22,7 
20,7 
21 ,9 
17 ,6 
15,9 
16,8 
14,1 
14,5 
13,2 
13,1 
13,3 
15,0 
14,0 
16,6 
15,5 
17 ,1 
15,8 
17,8 
16,2 



~) 

Map Ref: 33° 44' 01" 
25° 35' 11" 

Date: 6/1/83 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 ,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
200 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 
377 

3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 
3770 

22000 

Di recti on: 

V 

mV 

690 
222 

33 
8,36 

45,8 
2,26 
8,64 
1 ,46 
5,21 
1 ,41 
4,32 
0,236 
0,573 
0,217 
0,540 
0,488 
0,800 
0,240 
1 ,48 

,219 
1 ,25 

,106 
,363 
,063 
,071 
,142 
,172 
,596 
,072 
,024 
,057 
,193 

.148 

Su rvey: CO EGA 

1l~0 

I 

rnA 

144,7 
195,8 
78,5 
88 
87,5 
66,9 
66,7 
92,0 
91 ,0 
58,1 
57,9 
22,5 
22,3 
34,8 
34,6 
64,0 

152,0 
69,9 
69,8 

104,0 
105,3 

87,1 
46,4 
14.3 
27,6 
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Map Ref: 33° 44' 38" 
25° 34' 59" 

Date: 1/2/83 
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Map Ref: 33" 45' 30" 
25" 34' 49" 

Date: 22/02/83 
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~1ap Ref: 33° 46' 15" 

25° 34' 35" 
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'1 R f 33° 46' 46" "ap ,e : 
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Map Ref: 33° 46' 06" 

25° 35' 57" 

Date: 23/03/83 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 ,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Di recti on: 

V 

mV 

3520 
985 
409 
192 
982 
46,6 

189 
23,8 
89 
45,2 

17~, 

3,84 
12,85 

3,65 
12,3 

,797 
,170 
,155 
,656 
,215 
,812 
,215 
,902 
,412 
,211 
,715 
,120 
,388 
,207 

1,438 
,284 
,957 

Survey: CO EGA 

077° E. S. No: 3 

I 

rnA 

11 
7 
5 
9 
9 

13 
13 
24 
23 
57 
57 
31 
30 
68 
68 
47 
18 
25 
24 
56 
55 

114 
III 

97 
70 
70 
71 
68 

197 
404 
268 
361 

..n.m 

1885 
1933 
2023 
1199 
1371 

562 
549 
305 
292 
123 
180 

43,6 
58,9 
33,7 
44,7 
9,5 
9,5 
9,7 

10,3 
9,7 

11 ,1 
11 ,8 
12,6 
15,0 
18,9 
15,4 
23,9 
19,8 
26,4 
22,2 
30,3 
25,8 



.) 

Map Ref: 33" 45' 47" 

25" 35' 39" 

Date: 23/03/83 
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Map Ref: 33° 43' 57" 

25° 35' 41" 

Date: 12/04/83 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 ,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Di recti on: 

V 

mV 

1390 
125 
233 
130 
226 
32,3 

104 
10,8 
33,7 
3,80 

14,0 
,688 

2,30 
,306 
,920 
,6130 
,172 
,243 

1 ,175 
,110 
,487 
,118 

1 ,111 
,622 
,521 

1 ,102 
,211 
,818 
,146 
,654 
,074 
,334 

Survey: 

I 

rnA 

24 
6 

26 
44 
21 
54 
53 
70 
70 
53 
53 
42 
42 
40 
40 
68 
30 
62 
51 
50 
50 

102 
206 
229 
313 
156 
240 
234 
270 
270 
200 
198 

COEGA 

E.S. No: 5 

.n.m 

341 
286,0 
222,0 
166,0 
135,0 

93,7 
74,0 
47,4 
36,3 
11 ,1 
15,6 

5,8 
7,5 
4,8 
5,7 
5,6 
5,7 
6,1 
7,3 
6,8 
7,3 
7,3 
8,4 
9;6 

10,4 
10,7 
12,4 
12,2 
13,6 
15,0 
14,5 
16,4 



... J 

Map Ref: 37° 44' 17" 
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Map Ref: 33° 43' 52" 
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25' 32' 18" 

Date: 15/04/83 
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5,89 
13,74 
23,74 
56,2 
12,57 
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37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Directi on: 

V 

mV 

1500 
1730 

794 
294 

2685 
114 
477 

27 
114 
43 

154 
2,98 
9,06 

,793 
2,14 
1 ,653 

,624 
,279 

1 ,03 
,491 

1 ,77 
,269 
,985 
,512 
,367 

1 ,66 
,766 

4,69 
,461 

2,05 
,399 

1 ,768 

Survey: 

153° 
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mA 

4 
12 
11 
13 
25 
27 
27 
30 
30 
78 
78 
64 
63 
67 
65 

133 
82 
50 
49 

157 
149 
152 
149 
149 
154 
155 
495 
683 
411 
414 
480 
479 

COEGA 

E. S. flo: 9 

-fl-m 

2209 
1981 
1286 
1271 
1350 

662 
666 
277 
287 
85,7 

116 
16,4 
19,8 

7,4 
8,1 
7,0 
7,6 
8,7 
7,9 
9,6 
9,0 

11 ,1 
10,3 
12,1 
14,9 
16,2 
21 ,9 
23,8 
28,2 
30,8 
32,6 
36,0 
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Map Ref: 33" 42' 47" 

25" 29' 35" 

Date: 24/03/83 
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5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 

V 

mV 

332 
162 
86,2 
48,2 

213 
7,46 

29,6 
6,50 

25,5 
12,3 
32,2 

7,57 
19,7 

2,03 
5,10 
6,21 
3,82 
3,58 

15,65 
1 ,60 
6,86 

,948 
7,17 
2,34 

,347 
1,570 

,571 
1 ,379 

,448 
1 ,169 

,433 
1,444 

Survey: 

130" 

I 

rnA 

344 
342 
322 
422 
422 
188 
188 
329 
328 
328 
317 
434 
440 
206 
208 
525 
553 
735 
740 
600 
602 
684 

1225 
809 
197 
198 
576 
311 
626 
368 
724 
566 

CO EGA 

E.S. No: 10 

.n.m 

5,7 
6,5 
6,6 
6,4 
6,3 
6,2 
5,9 
6,1 
5,9 
5,8 
6,0 
6,1 
6,2 
6,2 
5,9 
6,6 
6,9 
7,6 
8,0 
8,2 
8,6 
8,7 
9,1 

10; 2 
11 ,0 
12,0 
14,0 
15,1 
18,0 
19,8 
23,5 
24,9 
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Map Ref: 33° 45' 39" 

25° 37' 49" 

Date: 20/04/83 
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5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
2~,7 

562 
1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Di recti on: 

Y 

mY 

626 
294 

51 ,9 
33,1 
71 ,5 
8,0 

30,1 
3,32 

12,0 
10,33 
27,8 
2,00 
5,10 

,820 
2,03 
2,53 
3,73 
1 ,037 
3,81 

,938 
3,49 

,541 
2,00 
1 ,25 
1 ,89 
8,90 

,951 
8,51 

Survey: 

073° 

I 

rnA 

24 
41 
20 
46 
23 
49 
49 
52 
51 

125 
125 

70 
69 
60 
58 

160 
325 
110 
108 
135 
134 
112 
112 
113 
265 
265 
270 
508 

CO EGA 

E.S. No: 11 

..n.m 

154 
98,5 
64,2 
40,4 
39,1 
25,6 
23,2 
19,6 
17,7 
12,9 
1 3,1 
10,1 
10,2 
8,6 
8,6 
8,9 

11 ,5 
14,8 
13,3 
21 ,4 
19,6 
30,3 
27,8 
38,9 
44,7 
50,7 
49,7 
58,1 
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Map Ref: 33 0 45' 54" 

25 0 36' 18" 

Date: 26/04/83 
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200 20 

80 
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80 
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80 
750 80 
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5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Di recti on: 

V 

mV 

1570 
550 
199 

51 ,2 . 
290 

10 
47,8 

2,93 
26,3 
4,65 

14,0 
1 ,27 
3,37 
1 ,27 
3,3 
1 ,24 

,873 
1 ,46 
4,77 

,313 
1 ,10 

,275 
1 ,18 
1 ,018 

,413 
,748 
,297 
,516 
,490 
,926 

Survey: CO EGA 

058 0 LS. No: 12 

I 

rnA .nrn 

18 518 
15 504 
13 379 
17 169 
17 214 
29 54 
29 62 
35 25,7 
71 27,9 
46 15,7 
46 17,9 
46 9,7 
45 10,3 
96 8,3 
97 8,4 
70 10,0 
95 9,2 

197 11 ,6 
195 9,2 
80 12,0 
79 10,5 
83 20,8 

161 11 ,4 
264 13;6 
166 15,6 

77 14,6 
211 19,9 
105 17 ,1 
474 25,9 
252 22,9 
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r~ap Ref: 33°46' 37" 
25°37 ' 42" 

Date: 20/4/83 
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80 
500 20 

80 
750 80 
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5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 017° 

V 

mV 

4260 
1060 

340 
87,2 

476 
9,25 

44,6 
1 , ;68 
7,63 
3,93 

11,88 
2,44 
6,67 
1 ,029 
2,79 

,691 
,743 
,299 

1 ,13 
,249 
,988 
,141 
,486 
,377 
,350 

1 ,38 
,254 

0,99 
,615 

2,40 

Survey: COEGA 

E. S. No. 13 

I 

rnA ...n.m 

141 178 
128 114 
109 77,2 
118 41,5 
119 50,3 
100 14,5 
100 16,8 

70 7,4 
69 8,3 

117 5,2 
116 6,0 
169 5,1 
170 5,4 
119 5,4 
120 5,7 

59 6,6 
100 7,4 

56 8,4 
56 7,6 
79 9,7 
78 9,6 
65 13,6 
65 11,6 
84 15,8 

115 1 9,1 
113 18,4 
136 26,4 
136 25,3 
474 32,5 
472 31 ,6 



Map Ref: 
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33°45'44" 
25°39'41" 

21/4/83 
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2 
0,5 
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0,5 
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2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 170° 

V 

mV 

515 
160 

79 
25 

104 
12,6 
23,3 
6,05 

21 ,9 
3,69 

10,56 
,973 

2,59 
,663 

1,75 
,734 
,854 

1 ,24 
5,04 
2,15 
8,50 

,389 
1 ,48 

,685 
,336 

1 ,35 
,550 

1 ,22 
,175 
,699 
,123 
,888 

I 

mA 

28 
28 
29 
29 
29 
56 
28 
66 
66 
43 
43 
45 
44 
59 
58 
49 
92 

194 
195 
611 
608 
214 
207 
214 
179 
175 
578 
322 
306 
303 
290 
539 

Survey: COEGA 

E. S. No. 14 

Stm 

108 
79,0 
67,4 
48,4 
45, 1 
35,3 
31,4 
28,2 
25,0 
13,3 
14,5 

7,6 
8,1 
7,0 
7,5 
8,4 
9,3 

10,0 
9,7 

10,8 
10,5 
11 ,4 
11 ,1 
11 ,3 
11 ,8 
11 ,6 
13,4 
13,2 
14,4 
14,3 
16,6 
16,1 
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MN K 
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0,5 5,89 
0,5 13,74 
0,5 23,74 
0,5 56,2 
2 12,57 
0,5 156,7 
2 37,7 
0,5 307,5 
2 75,4 
2 155,5 
5 58,9 
2 352 
5 137,4 
2 627 
5 247 
5 562 
5 1001 
5 1567 

20 377 
5 3075 

20 754 
5 6280 

20 1555 
20 3520 
20 6270 
80 1508 
20 14120 
80 3471 
20 25100 
80 6220 
20 39250 
80 9750 
80 22000 

Direction: 

V 

mV 

1077 
178 
55,3 
35,5 
79,0 
24,7 

100,5 
5,71 

22,7 
17 ,3 
49,4 
3,60 
9,74 

,767 
2,02 
1,27 

,434 
,781 

2,86 
,479 

1,77 
,347 

1 ,231 
,606 
,403 
,718 
,274 
,917 
,359 
,315 
,106 
,344 

I 

rnA 

19 
14 
17 
54 
26 

126 
125 

70 
70 

163 
162 
140 
140 

62 
61 
83 
43 

110 
108 
108 
109 
140 
138 
135 
148 

71 
193 
191 
317 
102 
153 
154 

Survey: COEGA 

E. S. No. 15 

.n.m 

334 
175 
80,3 
37,0 
38,2 
30,7 
30,3 
25,1 
24,5 
16,5 
18,0 

9,1 
9,6 
7,8 
8,2 
8,6 

10,1 
11 ,1 
10,0 
13,6 
12,2 
15,6 
13,9 
15,8 
1 7,1 
15,2 
20,0 
16,7 
28,4 
19,2 
27,2 
21 ,8 
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25° 30' 59" 

27/4/83 

MN K 
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0,5 5,89 
0,5 13,74 
0,5 23,74 
0,5 56,2 
2 12,57 
0,5 156,7 
2 37,7 
0,5 307,5 
2 75,4 
2 155,5 
5 58,9 
2 352 
5 137,4 
2 627 
5 247 
5 562 
5 1001 
5 1567 

20 377 
5 3075 

20 754 
5 6280 

20 1555 
20 3520 
20 6270 
80 1508 
20 14120 
80 3471 
20 25100 
80 6220 
20 39250 
80 9750 
80 22000 

Direction: 018° 

V 

mV 

1700 
342 
289 
48,0 

260 
7,23 

30,9 
3,12 

12,5 
5,54 

14,2 
1,78 
4,7 
1 ,081 
2,65 
1 ,17 

,814 
,780 

3,61 
,685 

3,13 
1 ,75 
7,94 

,920 
,508 

2,35 
,239 
,454 
,154 
,358 
,234 

1,23 

I 

rnA 

83 
71 

171 
129 
129 
116 
115 
147 
146 
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157 
114 
111 
124 
122 
116 
124 
164 
163 
247 
245 

1078 
1075 

262 
266 
267 
260 
127 
288 
145 
597 
717 

Survey: CO EGA 

E. S. No. 16 

.nm 

120 
66,2 
41,8 
20,9 
25,3 

9,8 
10,1 

6,5 
6,5 
5,4 
5,3 
5,5 
5,3 
5,5 
5,4 
5,7 
6,6 
7,5 
8,3 
8,5 
9,6 

10,2 
11 ,5 
12,4 
12,0 
13,3 
13,0 
12,4 
13,4 
15,4 
15,4 
16,7 
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Map Ref : 33°47'45" 
25°40'06" 

Date: 18/5/83 

OA MN 
m rn 

0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
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13,74 
23,74 
56,2 
12,57 
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37,7 

307,5 
75,4 
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58,9 
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137,4 
627 
247 
562 
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1567 
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3075 
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6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction : 078° 

V 

rnV 

634 
270 
118 
237 
153 
93,5 

432 
31 

142 
54 

150 
17,3 
46,2 
11 ,6 
30,2 
16,4 . 
8,60 
8,15 

18,4 
1 ,70 
7,21 

,605 
2,47 
1 ,27 

,695 
2,87 

,701 
2,86 

,243 
,931 
,223 
,860 
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rnA 

34 
30 
28 
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149 
149 
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80 
81 
76 
76 

106 
106 
168 
217 
431 
223 
243 
245 
287 
288 
349 
320 
324 
640 
645 
321 
732 
444 
444 

Survey: COEGA 

E.S . No. 17 

.sLrn 
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124 
104 

95,1 
104 

98,3 
109 

91 
101 
105 
109 
80,1 
83,5 
68,6 
70,4 
54,9 
39,7 
29,6 
31 ,1 
21 ,5 
22,2 
13,2 
13,3 
12,8 
13,6 
13,4 
15,5 
15,4 
19,0 
17,4 
20,6 
18,9 
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Map Ref: 33°46'47" 
25°38'45" 

Date: 28/4/83 
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137,4 
627 
247 
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1567 
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3075 
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6280 
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3520 
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3471 
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Direction: 123° 

V 

mV 

326 
91 
83 
12,4 
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7,61 

27,6 
2,44 

18 
10,30 
26,9 

7,23 
17,8 

3,46 
8,36 
1 ,43 

,376 
,292 
,575 
,345 

1 ,38 
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,403 
,209 
,094 
,362 
,100 
,373 
,199 
,392 
,030 
,107 

Survey: COEGA 

E.S. No. 18 
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rnA . .l1.m 

4 480 
4 313 
9 228 
4 174 
9 145 

10 119 
10 104 
7 107 

15 90 
22 72,8 
22 72,0 
50 50,9 
47 52,0 
61 35,6 
57 36,2 
39 20,3 
20 18,8 
25 18,3 
11 19,7 
62 17,1 
59 17,6 
40 16,6 
37 16,9 
49 15,0 
40 14,7 
37 14,8 
84 16,8 
79 16,4 

133 18,9 
134 18,2 

49 24,0 
49 22,2 
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Map Ref: 33° 43' 13" 
25° 39' 07" 

Date: 18/4/83 
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Di recti on: 168° 
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1 ,34 

16,0 
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47 
46 

112 
53 

125 
124 
156 
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Su rvey : CO EGA 

E. S. No. 19 

.n.m 
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Map Ref: 33" 43' 12" 
25" 29' 36" 

Date: 16/2/83 
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40 5 1001 
50 5 1567 

20 377 
70 5 3075 

20 754 
100 5 6280 

20 1555 
150 20 3520 
200 20 6270 

80 1508 
300 20 14120 

80 3471 
400 20 25100 

80 6220 
500 20 39250 

80 9750 

Direction: 090 0 

V 

mV 

677 
234 
86,7 
37 

159 
13,9 
55,1 

5,5 
21 ,0 
10,6 
28,3 

2,9 
7,49 
4,31 

10,8 
5,40 
3,62 
2,70 

10,48 
,770 

2,93 
,260 
,980 

1 ,1 6 
1 ,07 
4,75 

,182 
,790 
,318 

1 ,20 

I 

mA 

244 
261 
188 
217 
217 
275 
275 
227 
227 
239 
238 
144 
144 
402 
400 
453 
520 
558 
559 
270 
268 
153 
150 
338 
519 
527 
193 
193 
415 
420 

Survey: COEGA 

E.S. No. 20 

.am 

16,3 
12,3 
11 ,4 

9,6 
9,2 
7,9 
7,6 
7,5 
7,0 
6,9 
7,0 
7,1 
7,1 
6,7 
6,7 
6,7 
7,0 
7,6 
7,1 
8,8 
8,2 

10,7 
10,2 
12,1 
12,9 
13,6 
13,3 
14,2 
21 ,7 
17,8 



Map Ref: 

Date: 

OA 
m 

1 
'. 1,5 .) 

2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33°43'16" 
25°30'00" 

13/2/84 

MN 
m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 170° 

V 

mV 

295 
353 
214 
89,6 

366 
23,6 
89,0 
10,84 
40,00 
15,3 
40,6 
13,58 
24,8 
4,21 

10,34 
7,52 
3,14 
<.,.8 

13,69 
2,02 
8,61 
1 ,353 
5,22 
2,05 

I 

rnA 

225 
540 
573 
545 
545 
534 
530 
540 
540 
436 
436 
248 
674 
535 
530 
868 
578 
631 
803 
802 
803 
783 
781 
459 

Survey: COEGA 

E.S. No. 21 

.nm 

7,72 
8,98 
9,24 
9,23 
8,44 
6,93 
6,33 
6,17 
5,59 
5,46 
5,48 
5,08 
5,06 
4,93 
4,82 
4,87 
5,44 
6,16 
b,'r~ 

7,75 
8,08 

10,85 
10,40 
15,7 



Map Ref: 

Date: 

OA 
m 

-_.J 1,5 
2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33°43'21" 
25°29'41" 

13/2/84 

MN 
m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 
377 

3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 182° 

V 

mV 

193 
113 
29,5 
6,60 

39,8 
2,05 

10,0 
1 ,58 
7,44 
4,29 

11 ,25 
4,15 

10,4 
2,99 
7,64 
3,83 
2,20 
1 ,91 
8,38 
1,66 
3,73 
1 ,23 
4,98 
2,32 
1 ,73 

I 

mA 

49 
151 
134 
114 
117 
101 
103 
128 
130 
133 
136 
271 
273 
326 
332 
338 
319 
392 
402 
556 
302 
628 
635 
454 
448 

Survey: COEGA 

E.S. No. 22 

JLm 

23,2 
10,3 
5,4 
3,3 
4,3 
3,2 
3,7 
3,8 
4,3 
5,0 
4,9 
5,4 
5,2 
5,8 
5,7 
~, It 
6,9 
7,6 
7,9 
9,2 
9,3 

12,3 
12,2 
18,0 
24,2 



) 

Map Ref: 33"42'35" 
25"29' 17" 

Date: 13/2/84 

OA ~'N 
m m 

1 0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 130" 

Y 

mY 

403 
255 
109 

29,8 
163 

3,9 
17,1 

1 ,57 
6,22 
2,88 

22,4 
1 ,93 
9,42 
1 ,57 
3,93 
1 ,92 
1 ,16 
1 ,15 

10,28 
1,01 
4,73 

,924 
3,78 
1,33 
1 ,05 

,698 

I 

rnA 

60 
124 
145 
175 
176 
113 
114 
121 
119 
124 
361 
183 
356 
229 
231 
214 
190 
257 
493 
345 
350 
431 
435 
247 
245 

246 

Survey : COEGA 

E.S. No. 23 

.n.m 

39,6 
28,3 
18,6 

9,6 
11 ,6 

5,4 
5,7 
4,0 
3,9 
3,6 
3,7 
3,7 
3,6 
4,3 
4,2 
5,0 
6,1 
7,0 
7,9 
9,0 

10,2 
13,5 
13,5 
19,0 
26,8 

40,1 



14ap Ref: 33·44'04" 
25·33'32" 

Date: 14/2/84 

OA 14N K 

m m 

1 0,5 5,89 
1 ,5 0,5 13,74 

'~) 2 0,5 23,74 
3 0,5 56,2 

2 12,57 
5 0,5 156,7 

2 37,7 
7 0,5 307,5 

2 75,4 
10 2 155,5 

5 58,9 
15 2 352 

5 137,4 
20 2 627 

5 247 
30 5 562 
40 5 1001 
50 5 1567 

20 377 
70 5 3075 

20 754 
100 5 6280 

20 1555 
150 20 3520 
200 20 5270 

80 1508 
300 20 14120 

80 3471 
400 20 25100 

80 5220 
500 20 39250 

80 9750 
750 80 22000 

Di recti on: 119· 

V 

mV 

610 
195 

94,3 
38,2 

497 
14,2 
58,3 

7,27 
29,1 
15,2 

121 
8,84 
8,45 
7,81 

20,3 
12,07 

6,37 
5,47 

19,8 
2,31 
8,49 
2,10 
7,51 
3,72 

I 

mA 

71 
96 
98 

122 
340 
114 
113 
129 
127 
147 
413 
247 
86 

445 
434 
563 
490 
626 
612 
453 
452 
710 
697 
589 

Su rvey : COEGA 

E.S. No. 24 

50,6 
27 ,9 
23,8 
17,6 
18,4 
19,5 
19,5 
17,3 
17,3 
16,1 
17,3 
12,6 
13,5 
11 ,0 
11 ,6 
12,0 
13,0 
13,7 
12,2 
15,7 
14,2 
18,6 
15,8 
19,0 



.-\ .,<) 

Map Ref: 33°43'44" 
25°28'20" 

Date: 14/2/84 

OA MN 

m m 

1 0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 31° 

V 

mV 

159 
163 
54,8 
9,00 

41,4 
2,77 
9,63 
2,60 
8,89 
1 ,05 
7,73 
2,57 
6,20 
1 ,58 
7,46 
2,98 
2,10 
1 ,02 
5,4 
1,06 
4,97 

,922 
3,80 
1 ,95 

,847 
3,51 

,495 
1 ,88 

,341 
1,394 

,208 
,884 

I 

mA 

35 
134 

91 
49 
50 
77 
78 

142 
142 
38 

110 
197 
197 
197 
380 
301 
348 
243 
249 
410 
414 
563 
571 
601 
380 
437 
449 
462 
469 
470 
426 
428 

Survey : COEGA 

E.S. No. 25 

.n.m 

26,8 
16,7 
15,0 
10,3 
10,4 

5,6 
4,7 
5,6 
4,7 
4,3 
4,1 
4,6 
4,3 
5,0 
4,8 
5,6 
6,0 
6,6 
7,8 
8,0 
9,1 

10,3 
10,3 
11 ,4 
14,0 
12,1 
15,6 
14,1 
18,3 
18,4 
19,2 
20,1 



Map Ref: 

Date: 

OA 

m 

1 
;] 1,5 

2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33°43'10" 
25°28'44" 

14/2/84 

MN 
m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23 , 74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 
377 

3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 027° 

V 

mV 

161 
48,6 
16,2 
13,0 
92,2 
4,26 

22,2 
1,81 
9,2 

12,4 
31 ,9 
~, 1'1 

9,47 
2, "10 

6,65 
3,04 
1 ,93 
2,n 

10,2 
1 ,45 
5,86 

,693 
t,n 
1,472 
1,004 

,826 

I 

rnA 

48 
50 
49 

134 
137 
139 
141 
119 
119 
341 
347 
262 
268 
311 
315 
317 
350 
585 
595 
568 
580 
470 
477 
371 
347 
413 

Survey : COEGA 

LS . No. 26 

m 

19,8 
13,4 
8,2 
5,5 
8,5 
4,8 
5,9 
4,6 
5,8 
5,7 
5,4 
5,1 
4,9 
S, 't 
5, 'l? 
5,4 
5,5 
~,o 

6,5 
7,8 
7,6 
9,3 

10,0 
14,0 
18,1 
28,24 



'I 
/ 

Map Ref: 33°43'54" 
25°28'53" 

Date: 15/2/84 

OA MN 
m m 

1 0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 031° 

V 

mV 

136,7 
90,9 
19,4 

9,01 
55,6 
1 ,57 
7,54 
2,14 
3,42 
8,75 

23,9 
8,26 

21 ,7 
3,68 
9,59 
3,42 
3,11 
1,77 
7,57 
0,89 
'3,' " 
,719 

2,22 
1 ,15 

,690 
l, ~ It 

,438 
1 ,49 

,227 
,756 
,321 
,800 

I 

rnA 

20 
63 
57 

118 
118 

67 
68 

161 
56 

277 
280 
560 
564 
422 
425 
382 
482 
<.,5 
424 
375 
374 
482 
385 
379 
3'3 
365 
375 
385 
281 
281 
505 
440 

Survey: COEGA 

E. S. No. 27 

.nm 

40,0 
19,8 
8,4 
4,3 
5,9 
3,7 
4,2 
4,1 
4,6 
4,9 
5,0 
5,2 
5,3 
5,5 
5,6 
5,0 
6,5 
6,7 
6,7 
7,3 
7,6 
9,4 
9,0 

10,7 
11 ,9 
12,1 
15,7 
13,4 
20,3 
16,7 
25,0 
17,7 



Map Ref: 

Date : 

OA 
m 

1 

.J 
1,5 
2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33° 44' 02" 
25° 29' 38" 

15/2/84 

MN K 

m 

0,5 5,89 
0,5 13,74 
0,5 23,74 
0,5 56,2 
2 12,57 
0,5 156,7 
2 37,7 
0,5 307,5 
2 75,4 
2 155,5 
5 58,9 
2 352 
5 137,4 
2 627 
5 247 
5 562 
5 1001 
5 1567 

20 377 
5 3075 

20 754 
5 6280 

20 1555 
20 3520 
20 6270 
80 1508 
20 14120 
80 3471 
20 25100 
80 6220 
20 39250 
80 9750 
80 22000 

Direction : 092° 

V 

mV 

311 
70 
29 
13,2 
57 
13,07 
20,0 
5,49 

20,8 
8,00 

19,5 
2,12 
5,10 
5,56 

13,1 
5,04 
2,98 
1,84 

12,7 
1 ,76 
7,09 
0,99 
3,77 
1 ,31 
1 ,02 
3,08 

,525 
2,21 

,115 
,55 
,184 
,900 

I 

rnA 

54 
65 
66 
75 
75 

246 
97 

211 
213 
190 
192 
108 
110 
469 
474 
382 
371 
334 
587 
584 
588 
543 
553 
380 
497 
370 
540 
559 
211 
210 
374 
406 

Survey: COEGA 

E.S. No. 28 

J1.m 

33,9 
14,8 
10,9 

9,9 
9,6 
8,3 
7,8 
8,0 
7,4 
6,5 
6,0 
6,9 
6,4 
7,4 
6,8 
7,4 
8,0 
8,6 
8,2 
9,3 
9,1 

11 ,4 
10,6 
1 2,1 
12,9 
12,6 
13,6 
13,7 
13,7 
16,3 
19,3 
21 ,6 



~) 

Map Ref: 33"43'35" 
25"29'58" 

Date: 15/2/84 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 2D 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 102" 

V 

mV 

889 
250 
118 

29,9 
155 

15,5 
22,8 

7,23 
28,6 
11 ,9 
12,3 

6,94 
6,95 
3,92 

11 ,4 
4,87 
4,05 
1 ,98 
8,26 
1 ,01 
7,51 

,830 
3,45 
1 ,76 

,720 

,417 

I 

rnA 

135 
136 
164 
144 
145 
317 
112 
326 
330 
296 
104 
382 
136 
342 
350 
314 
438 
318 
321 
295 
546 
470 
476 
522 
355 

373 

Survey: COEGA 

E.S. No. 29 

..am 

38,8 
25,3 
17 ,8 
11,7 
13 , 4 

7,7 
7,7 
6,8 
6,5 
6,3 
6,7 
6,4 
7,0 
7,2 
8,0 
8,7 
9,3 
9,8 
9,7 

10,5 
10,4 
11 ,1 
11 ,3 
11 ,9 
12,7 

15,8 
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I~ap Ref: 33·42' 52" 
25 0 28'19" 

Date: 21/2/84 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 

300 20 
80 

400 20 
80 

500 20 
80 

750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
5280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 086 0 

V 

mV 

428 
163 

61 ,9 
28,5 
96 
6,21 

19,6 
4,71 

14,6 
4,75 

30,0 
15,6 
13,75 

8,88 
7,60 
7,35 
6,33 
2,16 

17,65 
1 ,30 
5,06 

,720 
2,91 
1 ,55 
1 ,02 

,579 

,395 

I 

mA 

108 
119 
111 
135 
135 

9,6 
96 

143 
144 

98 
247 
729 
267 
732 
261 
553 
795 
389 
792 
386 
387 
384 
386 
388 
390 

386 

364 

Su rvey : COEGA 

E.S. No. 30 

..n.m 

23,3 
18,8 
13,8 
11 ,9 
8,9 

10,1 
7,7 

10,1 
7,6 
7,5 
7,2 
7,5 
7,1 
7,6 
7,2 
7,5 
8,0 
8,7 
8,4 

10,4 
9,9 

11 ,8 
11 ,7 
14,1 
16,4 

21 ,2 

27,2 



,J 

Map Ref: 33'46'28" 
25'35'44" 

Date: 21/2/84 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 D,S 
3 D,S 

2 
5 D,S 

2 
7 D,S 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 172' 

V 

mV 

470 
250 
12 
12 
89 

8,74 
32,0 

0,73 
6,10 
3,26 
8,4 
3,11 
7,25 
1 ,00 
2,14 
0,85 
3, 25 
1 ,56 

10,8 
0,59 
2,29 
0,60 
1 ,12 
2,72 
0,86 
2,75 
0,37 
1 ,40 

,62 
,73 
,38 
,454 

I 

mA 

5 
28 

2 
9 

17 
17 
17 

3 
7 

10 
10 

2 
21 
13 
13 
17 

129 
104 
181 

76 
78 

153 
79 

394 
225 
228 
260 
263 
756 
228 
595 
214 

Survey: COEGA 

E.S. No. 31 

.JLm 

554 
123 
148 

74,9 
65,8 
80,6 
71 ,0 
74,8 
65,7 
50,7 
49,S 
49,8 
47,4 
48,2 
40,7 
28,1 
25,2 
23,5 
22,5 
23,9 
22,1 
24,6 
22,0 
24,3 
24,0 
18,2 
20,1 
18,5 
20,6 
19,9 
25,1 
20,7 
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11ap Ref: 33°46' 02" 
25°40'02" 

Date: 21/2/84 

OA MN 
m m 

1 0,5 
1 ,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 060° 

V 

mV 

256 
90 
38 
10,98 
48,0 

5,09 
20,1 
6,32 

24,4 
10,36 
28,5 
3,00 

15,1 
1 ,95 
5,38 
2,53 
1 ,30 
1 ,18 
8,41 

,73 
1 ,74 

,23 
,86 
,65 
,56 

,30 

,20 

0,24 

I 

rnA 

136 
148 
143 
128 
129 
189 
190 
433 
436 
354 
355 
210 
391 
232 
238 
256 
232 
309 
555 
319 
203 
177 
181 
274 
335 

361 

381 

168 

Su rvey : COEGA 

E. S. No. 32 

Slm 

11 ,1 
8,4 
6,6 
4,8 
4,7 
4,2 
4,0 
4,5 
4,2 
4,6 
4,7 
5,0 
5,3 
5,3 
5,6 
5,6 
5,6 
6,0 
5,7 
7,0 
6,5 
8,2 
7,4 
8,4 

10,5 

11 ,7 

13,2 

56,1 
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Map Ref: 33°47'26" 
75°41'09" 

Date: 23/2/84 

OA MN 
m m 

0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 
377 

3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 148° 

V 

mV 

149 
41,6 
10,0 
5,78 

31 ,1 
1,5 
6,29 

,69 
2,8 

,72 
2,00 

,50 
1,34 

,37 
1,00 

,48 
,83 
,53 

2,17 
,41 

1 ,63 
,32 

1 ,31 
,75 
,53 

1,37 
,15 
,58 
,16 
,32 
,08 
,45 

I 

rnA 

61 
64 
54 

132 
134 
159 
160 
173 
177 
100 
101 
185 
187 
242 
244 
254 
649 
546 
553 
605 
607 
688 
702 
691 
673 
395 
325 
231 
216 
217 
368 
380 

Su rvey: COEGA 

E.S. No. 33 

Jtm 

14,6 
8,9 
4,6 
2,5 
2,9 
1 ,5 
1 ,5 
1 ,2 
1,2 
1 ,1 
1 ,2 
1 ,0 
1 ,0 
1,0 
1 ,0 
1 ,1 
1 ,3 
1 ,5 
1 ,5 
2,1 
2,0 
2,9 
2,9 
3,8 
4,9 
5,2 
6,5 
8,7 

18,6 ? 
9,2 
8,5 

11 ,5 
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Map Ref: 33°47'02" 
25°40'52" 

Date: 23/2/84 

OA MN 
m m 

1 0,5 
1,5 0,5 
2 0,5 
3 0,5 

2 
5 0,5 

2 
7 0,5 

2 
10 2 

5 
15 2 

5 
20 2 

5 
30 5 
40 5 
50 5 

20 
70 5 

20 
100 5 

20 
150 20 
200 20 

80 
300 20 

80 
400 20 

80 
500 20 

80 
750 80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction : 157° 

V 

mV 

110 
37,9 
16,9 

4,91 
21 ,7 
0,53 
2,42 

,40 
1 ,80 
'3,4-0 

9,36 
,96 

2,57 
,87 

2,26 
1 ,48 
1 ,17 
1,28 
4,59 

,67 
2,88 

,42 
1 ,75 

,60 
,24 

,17 

I 

rnA 

195 
186 
175 
184 
182 

76 
76 

120 
120 
463 
465 
275 
275 
379 
375 
450 
535 
813 
685 
692 
695 
695 
695 
395 
228 

220 

Survey: COEGA 

E.S. No . 34 

.Sl.m 

33 
2,8 
2,4 
1,5 
1 ,5 
1 ,1 
1 ,2 
1 ,0 
1 , 1 
1 ,1 
1 ,2 
1 ,2 
1 ,3 
1 ,4 
1,5 
1 ,8 
2,2 
2,5 
2,5 
3,0 
3,1 
3,8 
3,9 
5,3 
6,6 

10,9 



Map Ref: 

Date: 

OA 

m 

1 

) 1,5 
2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33°46'52" 
25°43' 51" 

29/2/84 

MN 
m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 
377 

3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 056° 

V 

mV 

823 
522 
311 
220 
825 

97 
344 

53 
191 
100 
241 
38,1 
90 
26,2 
61 
10,9 
1 ,61 
3,36 
8,38 

,83 
1 ,72 

,76 
2,84 

,370 
,500 

1 ,31 
,195 
,530 
,172 
,710 

0,110 
0,342 

I 

rnA 

51 
59 
52 
64 
64 
54 
54 
52 
52 
52 
51 
45 
46 
63 
63 
63 
43 

254 
150 
164 

92 
338 
338 
107 
198 
136 
196 
169 
344 
348 
196 
202 

Survey: COEGA 

E.S. No. 35 

-fl.m 

95 
122 
148 
193 
162 
281 
240 
313 
277 
299 
278 
298 
269 
261 
239 

97 
37,5 
20,7 
21 ,1 
15,6 
14,1 
14,1 
13,1 
12,2 
15,8 
14,5 
14,0 
10,9 
12,6 
12,7 
22,0 
16,5 



Map Ref: 

Date: 

OA 

m 

1 

:,~) 
1,5 
2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33°46'31" 
25°43 ' 47" 

29/2/84 

MN 

m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 
377 

3075 
754 

6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction: 054° 

V 

mV 

495 
634 
507 

51 
262 
13 
69 
5,6 

28 
10 
83,6 
1,80 

16 
1 ,48 
4,12 
1,40 

,37 
,29 

1 ,16 
,28 

1,06 
,14 
,16 
,40 
,27 

1,36 
,27 

1 ,26 
,30 
,33 
,05 
,30 

I 

rnA 

5 
12 
18 

6 
6 

10 
10 
14 
14 
14 
40 
13 
38 
39 
38 
40 
29 
38 
36 
74 
74 
90 
26 

160 
195 
199 
410 
415 
317 
201 
209 
149 

Survey: COEGA 

E.S. No. 36 

Jl..m 

583 
726 
697 
478 
549 
204 
260 
123 
151 
111 
123 

48,7 
57,9 
23,8 
26,8 
19,7 
12,8 
12,0 
12,1 
11 ,6 
10,8 

9,8 
9,6 
8,8 
8,7 

10,3 
9,3 

10,5 
23,7 
10,2 
9,4 

13,1 



Nap Ref: 

Date : 

OA 

m 

1 
,-, 1,5 

) 2 
3 

5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

400 

500 

750 

33"44'54" 
25"41 '03" 

1/3/84 

MN 
m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 
80 
20 
80 
20 
80 
80 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 
3471 

25100 
6220 

39250 
9750 

22000 

Direction : 024" 

V 

mV 

1155 
409 
498 
515 

2780 
31 

110 
11 ,2 
21 
10,4 
25,6 

,863 
1 ,78 

,113 
,481 
,098 
,088 
,064 
,260 
,093 
,406 
,064 
,269 
,240 
,187 

1 ,94 
,129 
,536 

I 

rnA 

1 
1 
3,5 

27 
27 
24 
24 
47 
26 
80 
81 
49 
49 
23 
41 
23 
34 
36 
35 
87 
90 
91 
91 

124 
130 
128 
136 
133 

Survey: COEGA 

E.S . No. 37 

...n.m 

6803 
5622 
3517 
1072 
1294 

202 
173 

73 
60,9 
20,3 
18,6 

6,2 
5,0 
3,1 
2,9 
2,4 
2,6 
2,8 
2,8 
3,3 
3,4 
4,4 
4,6 
6,8 
9,0 

12,3 
13,4 
14,0 



Map Ref: 

Date: 

OA 
m 

':-) 1,5 
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5 

7 

10 

15 

20 

30 
40 
50 

70 

100 

150 
200 

300 

33°47'21" 
25°40'37" 

1/4/84 

MN 
m 

0,5 
0,5 
0,5 
0,5 
2 
0,5 
2 
0,5 
2 
2 
5 
2 
5 
2 
5 
5 
5 
5 

20 
5 

20 
5 

20 
20 
20 
80 
20 

K 

5,89 
13,74 
23,74 
56,2 
12,57 

156,7 
37,7 

307,5 
75,4 

155,5 
58,9 

352 
137,4 
627 
247 
562 

1001 
1567 

377 
3075 

754 
6280 
1555 
3520 
6270 
1508 

14120 

Direction: 134° 

V 

mV 

88 
45 
24 
9,2 

44 
2,9 

14 
1,5 
6,4 
2,9 
8,2 
3,1 
8,6 
1,8 
4,8 
2,2 
1 ,52 
0,94 
3,7 

,565 
2,2 

,175 
1 ,34 

,94 
,65 

,449 

I 

mA 

323 
325 
323 
327 
327 
326 
324 
325 
323 
321 
322 
783 
785 
790 
788 
777 
763 
780 
781 
695 
695 
394 
695 
720 
695 

705 

Survey: COEGA 

LS. No. 38 

..f!.m 

I . • (. 

1 ,9 
1 ,8 
1,6 
1,7 
1 • t,. 
1 ,6 
1,4 
1,5 
1,4 
1 ,5 
1 ,4 
1 ,5 
1 ,4 
1,5 
1 ,6 
2,0 
1 ,9 
1 ,8 
2,5 
2,4 
2,8 
3,0 
4,6 
5,9 

9,0 



) 

Map Ref: 33" 46' 21" 
25" 42' 02" 

Date: 1/3/84 

OA MN K 

m m 

1 0,5 5,89 
1,5 0,5 13,74 
2 0,5 23,74 
3 0,5 56,2 

2 12,57 
5 0,5 156,7 

2 37,7 
7 0,5 307,5 

2 75,4 
10 2 155,5 

5 58,9 
15 2 352 

5 137,4 
20 2 627 

5 247 
30 5 562 
40 5 1001 
50 5 1567 

20 377 
70 5 3075 

20 754 
100 5 6280 

20 1555 
150 20 3520 
200 20 6270 

80 1508 
300 20 14120 

80 3471 
400 20 25100 

80 6220 
500 20 39250 

80 9750 

Direction: 160" 

V 

mV 

648 
248 
89 
43 

140 
43 

137 
67 

205 
46 

122 
13 
33 
24 
64 
29 
11 ,3 

5,31 
13,4 

2,20 
8,48 

,47 
1 ,93 

,93 
,50 

2,12 
,05 
,70 
,130 
,430 
,090 
,330 

I 

mA 

10 
8 
5 
6 
6 

14 
15 
40 
40 
18 
18 
11 
11 
33 
34 
97 

137 
143 

92 
160 
161 
114 
121 
169 
180 
182 

55 
195 
202 
203 
194 

' 194 

Su rvey : COEGA 

E.S. No. 39 

.nm 

381 
426 
440 
403 
293 
481 
344 
515 
386 
397 
399 
416 
412 
456 
465 
168 
82,6 
58,2 
54,9 
42,3 
39,7 
25,9 
24,8 
19,4 
17,4 
17 ,6 
12,8 
12,5 
16,2 
13,2 
18,2 
16,6 
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Map Ref: 33" 45' 40· 
25 0 42' 00· 

Date: 2/3/84 

OA MN K 

m m 

1 0,5 5,89 
1,5 0,5 13,74 
2 0,5 23,74 
3 0,5 56,2 

2 12,57 
5 0,5 156,7 

2 37,7 
7 0,5 307,5 

2 75,4 
10 2 155,5 

5 58,9 
15 2 352 

5 137,4 
20 2 627 

5 247 
30 5 562 
40 5 1001 
50 5 1567 

20 377 
70 5 3075 

20 754 
100 5 6280 

20 1555 
150 20 3520 
200 20 6270 

80 1508 
300 20 14120 

80 3471 
400 20 25100 

80 6220 
500 20 39250 

80 9750 

Direction: 119 0 

V 

mV 

65 
15 
26 
20 

278 
9,6 

36 
1 ,68 

12,0 
10,8 
22 
4,12 

11 ,3 
1 ,99 
6,33 
3,01 
1 ,77 

,71 
1 ,95 

,56 
1 ,63 

,34 
1 ,20 

,67 
,39 

1 ,51 
,210 
,740 
,070 
,390 
,090 
,304 

I 

rnA 

2 
2 

13 
25 
73 
58 
59 
31 
62 

146 
86 

160 
148 
155 
172 
184 
192 
113 

64 
169 
105 
197 
144 
188 
172 
172 
200 
199 
166 
166 
205 
203 

Survey: COEGA 

E.S. No. 40 

J)..m 

191 
103 

50 
45 
48 
25,9 
23,0 
16,7 
14,6 
11 ,5 
15,1 

9,1 
10 ,5 
8,1 
9,1 
9,2 
9,2 
9,8 

11 ,5 
10,2 
11 ,7 
10,8 
13,0 
12,5 
14,2 
13,2 
14,8 
12,9 
10,6 
14,6 
17,3 
14,6 
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Map Ref: 33° 45' 41" 
25° 43' 14" 

Date : 2/3/84 

OA MN K 

m m 

1 0,5 5,89 
1,5 0,5 13,74 
2 0,5 23,74 
3 0,5 56,2 

2 12,57 
5 0,5 156,7 

2 37,7 
7 0,5 307,5 

2 75,4 
10 2 155,5 

5 58,9 
15 2 352 

5 137,4 
20 2 627 

5 247 
30 5 562 
40 5 1001 
50 5 1567 

20 377 
70 5 3075 

20 754 
100 5 6280 

20 1555 
150 20 3520 
200 20 6270 

80 1508 
300 20 14120 

80 3471 
400 20 25100 

80 6220 
500 20 39250 

80 9750 

Direction: 043° 

V 

mV 

885 
300 
238 
108 
401 

87 
312 

36 
368 

33 
306 

15 
99 
19 
59 
11 ,5 

1 ,80 
IS .,0 

7,9 
,38 

1 ,63 
,26 

1 ,12 
,340 
,250 

1 ,04 
,100 
,380 
,070 
,257 
,036 
,139 

I 

rnA 

3 
2 
3 
3 
3 
8 
8 
7 

21 
6 

17 
16 
33 
63 
64 
84 
59 

161 
163 

99 
99 

155 
157 
105 
131 
133 
113 
114 
123 
123 
102 
103 

Survey: COEGA 

E.S. No. 41 

.nm 

1737 
2061 
1963 
2023 
1680 
1704 
1470 
1581 
1321 

855 
1060 

330 
412 
189 
228 

77 
30,5 
15,3 
18,3 
11 ,8 
12,4 
10,5 
11 ,1 
11 ,4 
12,0 
11 ,8 
12,5 
11 ,6 
14,3 
13,0 
14,1 
13,2 
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Map Ref: 33° 47' 38" 
25° 42' 26" 

Date : 2/4/82 

OA t~N K 

m m 

1 0,5 5,89 
1,5 0,5 13,74 
2 0,5 23,74 
3 0,5 56,2 

2 12,57 
5 0,5 156,7 

2 37,7 
7 0,5 307,5 

2 75,4 
10 2 155,5 

5 58,9 
15 2 352 

5 137,4 
20 2 627 

5 247 
30 5 562 
40 5 1001 
50 5 1567 

20 377 
70 5 3075 

20 754 
1 DO 5 6280 

20 1555 
150 20 3520 
200 20 6270 

80 1508 
300 20 14120 

80 3471 
400 20 251 DO 

80 6220 
500 20 39250 

80 9750 

Direction: 037° 

V 

mV 

516 
502 
213 

60 
230 

9,8 
34,2 
1 ,37 
5,21 
1,40 
3,40 
0,94 
2,40 
0,52 
1 ,41 
1 ,08 

,501 
,326 

1 ,37 
,460 

1 ,70 
,241 
,926 
,542 
,368 

1 ,63 
,735 

3,26 

I 

mA 

4 
11 
11 
13 
12 
34 
30 
30 
30 
32 
29 
59 
56 
62 
60 

101 
76 
72 
77 

157 
158 
144 
144 
149 
157 
150 
472 
469 

Su rvey: COEGA 

E. S. No . 42 

760 
632 

4,78 
260 
241 
45 
43 
14,0 
13,1 
6,8 
6,9 
5,6 
5,9 
5,3 
5,8 
6,0 
6,6 
7,1 
6,7 
9,0 
8,1 

10,5 
10,0 
12,8 
14,7 
16,4 
22,0 
24,1 



COEGA 1/3 1000 
LAYER THICKNESS RESISTIVITY 
0,7 155.0 

E 8,6 4,0 
30,4 7,5 

E 100 12.0 .r:. 1'\ TOTAL S VALUE : 6.20 0 

10 
'\.. 

10 100 1000 

" ') .. AB/2 

COEGA 1/4 1000 LAYER THICKNESS RESISTIVITY 
1 ,1 72,0 
8,9 5,0 E 

123,6 12 I 0 
64,4 5,0 E 100 

20,0 .r:. 
0 

TOTAL S VALUE: 24.97 

10 "" .... 
"'- --

1 
1 10 100 1000 

AB/2 

COEGA 115 1000 
LAYER THICKNESS RESISTIVITY 

1,7 740 
10.5 18 E 
22,0 10 

E 100 90,0 20 .r:. 
86,6 5 0 

100 

~ 
\ 

TOTAL S VALUE: 24,60 ......... 
10 

10 100 1000 

ABI2 



COEGA '/6 1000 
LAYER THICKNESS RESISTIVITY 

0,6 '20 
7,8 30 E 

13,55 '0 
100 360,4 '8 E 

'50 
.c: 
0 I~ 

TOTAL S VALUE: 21,64 -f...... --10 

C) 
1 

1 10 100 1000 

AB/2 

COEGA , 17 1000 
LAYER THICKNESS RESISTIVITY 

3,2 20,5 
E 14,0 '4,0 

289,0 15,0 
E 100 200,0 .c: 

TOTAL S VALUE: 20,42 0 

r--... 
10 

1 10 100 1000 

ABI2 

COECA , 18 
1000 LAYER THICKNESS RESISTIVITY 

, ,4 360 

'" 
14,4 6 E 
32,0 20 

100 41 ,0 5 E 

\ ,00 .c: 
0 

TOTAL S VALUE: 12,20 

10 

10 100 1000 

AB/2 



COEGA 1/9 1000 
LAYER THICKNESS RESISTIVITY 

1 ,16 90 
13 , 1 7 E 
22 , 7 20 

E 100 64,9 5 .c 
180 0 

T<YrAL S VALUE: 15,99 

10 
~ ~ 

1 
1 10 100 1000 

ABI2 

"') 

COEGA 1/10 1000 
LAYER THICKNESS RESISTIVITY 

2 29 
20 5 E 

8 8 
100 260 15 E 

200 
.c 
0 

TOTAL S VALUE : 22,40 

10 ~ ~ 
.......... ---

10 100 1000 

AB/2 

COEGA 1 III 1000 LAYER THICKNESS RESISTIVITY 
8,0 22 
3,8 2 E 

32,2 6 
E 15 100 
.c 

TOTAL S VALUE: 7,30 0 

10 ........ -"........ --
10 100 1000 

AB/2 



COEGA 2/1 1000 
LAYER THICKNESS RESISTIVITY 

1,764 490 
18,0 20 E 

110 ,0 12 
100 20 E 

TCYrAL S VALUE: 10,07 .r:: 
0 

~ 
'\ -10 

1 
10 100 1000 

AB12 

COEGA 2/2 1000 
LAYER THICKNESS RESISTIVITY 

0 , 7 S6 
1 , 4 7 E 

22.4 4 
E 100 56,25 20 .r:: 

46,5 S 0 
200 

TOTAL S VALUE : 17,92 
10 
~ ------~ --

1 
10 100 1000 

ABI2 

COEGA 2/3 1000 LAYER THICKNESS RESISTIVITY 
0,525 35,0 
3,1 10,0 E 

17 , 6 20,0 
100 232,0 11 ,5 E 

200,0 .r:: 
0 

TOTAL S VALUE: 21,37 

i'-.... 
10 

10 100 1000 

AB/2 



COEGA 2/4 1000 
LAYER THICKNESS RESISTIVITY 

1 ,0 290 
E 4,5 14 ~ 18,2 14 
E 100 84.5 20 .r:; 

86,0 5 0 
100 

TOTAL S VALUE: 23,04 
10 

1 
10 100 1000 

ABI2 
':>, .. .. I 

COEGA 2/5 
1000 LAYER THICKNESS RESISTIVITY 

1 ,1 160 
6,5 2 E 

141 ,4 7 
109,1 3 E 100 

100 
.r:; 
0 

TOTAL S VAI.·UE: 59,82· 

10 

........ 

\ ./ 

1 
10 100 1000 

AB/2 

) 

COECA 2/6 1000 LAYER THICKNESS RESISTIVITY 
1 ,0 480 
5,0 13 E 
8,4 7 

E 100 20,0 12 .r:; 
240,0 5 0 

30 
TOTAL S VALUE: 51 ,25 ' . 

10 

'" \ -
10 100 1000 

AB/2 



COEGA 3 1000 LAYER THICKNESS RESISTIVITY 
2,25 1120,0 
4,2 111.0 E 
68,5 8,5 

100 35,0 E 
TOTAL S VALUE: B,09 ..c 

0 

10 

"'\ 
1\ ~ 

-

10 100 1000 

AB/2 

COEGA 4 1000 
LAYER THICKNESS RESISTIVITY 

, 1 ,3 420 
6,9 25 E 

135,0 11 
E 100 300 ..c 

TOTAL S VALUE: 12,55 0 

~ 

'" r-.. 10 

. 

1 
10 100 1000 

AB/2 

COEGA 5 1000 
LAYER THICKNESS RESISTIVITY 

0,8 350 
1 ,5 300 E 

27,6 6 
100 44,1 9 E 

18 ..c 
0 

TOTAL S VALUE: 9,50 

~ 
\ 

10 '\. --" 

10 100 1000 

AB/2 



COEGA 6 1000 
LAYER THICKNESS RESISTIVITY 

1,0 190 
E 1,76 55 

24,6 10 E 100 82,5 15 .r:. 
70 0 

TOTAL S VAUJE: 7,99 

........... 

~ -~ 10 

1 
10 100 1000 

ABI2 

COEGA 7 Hioo 
LAYER THICKNESS RESISTIVITY 

2,0 150 E ,1,74 110 
28,6 9 E 100 
79,5 15 .r:. 

25 0 

TarAL S VALUE: 8,50 

10 

~ 

~ -~ 
1 

10 100 1000 

AB/2 

COEGA 8 1000 
LAYER THICKNESS RESISTIVITY 

0,25 20 
2,5 10 E 
4,5 36 

E 100 21 ,0 7 .c 
203,0 16 0 

35 
TOTAL S VALUE: 16,07 -10 

1 10 100 1000 

ABI2 



COll:A 9 

LAYER THICKNESS 
1 

0 ,16 
30 
99 

RESI STIVITY 
2200 
1400 

8 
15 

200 

TOTAL S VALUE: 10 , 3 

COEGA 10 
LAYER THICKNESS RES I STI VITY 

0 ,77 , 0 
'22 ,2 7 

204, 0 1 2 
300 

TOTAL S VALUE: 20, 24 

COEGA 11 

LAYER TH I CKNESS RES I STI VI TY 
6 ,0 250 
3 , 54 27 

18, 36 6 
200 

TOTAL S VALUE: 3,1 9 

E 

E 
.;; 
o 

E 

E 
.;; 
0 

E 

E 
.;; 
0 

1000 

100 

I-
............ 

\ 
10 i\ ,/ 

10 100 1000 

AB / 2 

1000 

100 

10 .-/" 

1 
10 1 00 1000 

AB/2 

1000 

100 

10 
~ / 

~, 

-
1 10 100 1000 

AB / 2 



COEGA 12 
LAYER THICKNESS RESISTIVITY 

1 ,1 950 
3,4 37 

17,4 6 
150,0 15 

150 
TOTAL S VALUE: 12,99 

COEGA 13 
LAYER THICKNESS RESISTIVITY 

0,88 188 
1 ,2 

19,8 
65,0 

TOTAL S VALUE: 8,99 

35 
5 

13 
150 

E 

E 
.I:: 
0 

E 

E 
.I:: 
o 

1000 

100 ~ 

'" ~ 
10 

1 10 100 1000 

ABI2 

1000 

100 i'.... 

~ V 
........ -10 

1 10 100 1000 

AB/2 

10 100 1000 

AB/2 



COEGA 15 1000 
LAYER THICKNESS RESISTIVITY 

0,9 250 
3,1 55 E 

20,0 6 
E 100 

132,0 20 
.t: 

40 0 
TOTAL S VALUE: 9,99 · 

10 

.......... 

~ r-. -----
1 

10 100 1000 1 

AB/2 

COEGA 16 
10~0 

LAYER THICKNESS RESISTIVITY 
0,5 75,0 

E 0,7 52,0 
22,0 5,5 

E 100 24'0,0 15,0 .t: 
30,0 0 

TOTAL S VALUE: 20,02 

10 ~ -
......... -

1 10 100 1000 

ABI2 

COEGA. 17 
1000 LAYER THICKNESS RESISTIVITY 

0,33 700 
3,3 110 E 

11 ,3 130 ......... 
149,0 12 E 100 

30 .t: 
0 

TOTAL S VALUE: 12,53 ~ -10 

1 10 100 1000 

AB/2 



, 

COEGA 18 1000 
LAYER THICKNESS RESISTIVITY 

0.76 440.0 
E 4.94 110 J 0 

123,5 17,6 
E 100 35,7 3,0 .t:: 

200.0 0 
TOTAL S VALUE: 18,96 

~ 
......... 

"'-
10 

1 
10 100 1000 

ABI2 

COECA. 19 1000 LAYER THICKNESS RESISTIVITY 
0.41 660 

114,0 12 E 
20 

100 TOTAL S VALUE: 9,50 E 
.t:: 
0 

1\ 

\ -10 

10 100 1000 

AB/2 

COEGA 20 1000 LAYER THICKNESS RESISTIVITY 
0,9 15 

13,0 7 E 
22.0 4 

E 151 J 0 25 100 
.t:: 

50 0 
TOTAL S VALUE: 13 

10 - -----
10 100 10C 

AB/2 



COECA 21 
LAYER THICKNESS RESISTIVITY 1000 

1 7 
1 15 E 

45 4,5 
200 E 100 

TOTAL S VAWE: 10 ,21 .J: 
0 

10 
.,-

~ 

10 100 1000 

AB/2 

COEGA 22 
LAYER THICKNESS RESISTIVITY a,s 52 

1QOO 

5,2 3,5 E 
56 8 

200 E 
.J: TOTAL S VALUE: 8,50 0 

100 

'" V 

'" --10 

-
10 100 100, 

AB/2 

COEGA 23 
1000 LAYER THICKNESS RESISTIVITY 

1,1 38 
15 J 3 3,5 E 
61,2 17 

400 E 100 
.J: TOTAL S VALUE: 8,00 0 

10 "" V 
"'- ~ 

10 100 1000 

AB/2 



COEGA 24 
1000 LAYER TH ICKN ESS RES I STIVITY 

0, 7 95 
3 23 E 

30 9 
30 E 100 

TDTl\L S VALU E : 3 ,47 .r::. 
0 ~ -~ 

10 

10 100 1000 

AB / 2 

COEGA 25 1000 
LAYER THICKNESS RE S I STIVITY 

1 27 E 1 2 4,4 
3 1 8 E 100 

22 .r::. 
TOTAL S VALUE : 6,66 0 

10 ~ --............ ---
10 100 1000 

AB / 2 

COEGA 26 1090 
LAYER THICKNESS RE S ISTI VI TY 

0,5 57 E 
0, 5 14 

59 5,5 E 100 
20 0 .I:: 

TOTAL S VALUE : 10 ,77 0 

10 
~ /' 

........ .-

10 100 1001 

AB / 2 



COEGA 27 1000 
LAYER THICKNESS RESISTIVITY 

0,42 90 
E 0,16 23 

5 I 26 3,6 
E 100 30 7 .r::. 

187 600 0 
TOTAL S VALUE: 21,34 

10 '" /' 

"" -
1 

10 100 1000 

ABI2 

COECA 28 1000 
LAYER THICKNESS RESISTIVITY 

1 13 E 12,1 5 
18,4 8 E 100 

200 12 .r::. 
200 0 

TOTAL S VAWE: 21,46 

10 r-... ----....... --
1 

1 10 100 100C 

-AB/2 

COEGA 29 1000 
LAYER THICKNESS RESISTIVITY 

1 ,1 25 E 11 ,4 6,5 
7 10 E 100 

156 12 .r::. 
30 0 

TOTAL S VALUE: 15,50 

10 ~ -
10 100 1000 

ABI2 



--- . 

-, .. 1 

COEGA 30 
LAYER THICKNESS 

0,7 
35.4 

128 

TOTAL S VALUE: 

COEGA 31 
LAYER THICKNESS 

0.55 
3,6 
3 

270 

TOTAL S VALUE: 

COEGA 32 
LAYER THICKNESS 

0,62 
6 

37 
81 

TOTAL S VALUE: 

RESISTIVITY 

16 
7 

20 
100 

11 .50 

RESISTIVITY 
800 

50 
75 
17 
50 

, 6.00 

RESISTIVITY 
14 

4 
5 

12 
20 

15.69 

1000 

E 

E 100 
.r:; 
0 

10 "" ~ 

10 100 100 

ABI2 

1000 

~ E 

E 100 
.r:; "-0 

10 

10 100 1000 

ABI2 

1000 

E 

E 100 
.r:; 
0 

10 .-
~ -r---

10 100 1000 

AB/2 



COEGA. 33 1000 
LAYER THICKNESS RES I STIV I TY 

0 , ' 30 E , 6 
26,2 , , , E 100 
96 8 ~ 

200 a 

TOTAL S VALUE: 36,00 

10 " 
~ 

~ ~ V 
1 10 100 1000 

AB / 2 

COEGA 34 1000 
LAYER THICKNESS RE SISTIVITY 

0 , 8 4 E 
15,5 , , , 
76 , 3 7 E 100 

'00 .c 
a 

TOTAL 5 VAlliE : 25, 19 

~ ~ 
,/ 10 

10 100 1000 

ABI2 

COEGA 35 1000 
LAYER THICKNESS RES I STIVITY , , , 60 

3 ' 000 E 
276 ' 2 

200 E 100 
.c TOTAL S VALU E ; 23,02 a ---- "-V 

~ 
10 

10 100 1000 

AB / 2 



COEGA 36 
LAYER THICKNESS 

1,5 
5 

192 

TOTAL S VALUE! 

COEGA 37 
LAYER THICKNESS 

0,8 
2,5 

57 

TOTAL S VALUE; 

COEGA 38 
LAYER THICKNESS 

1,2 
46 

TOTAL S VAWE: 

RESISTIVITY 
1200 

200 
10 
,2 

19,23 

RESISTIVITY · 
11000 

300 
2,5 

200 
22,S1 

RESISTIVITY 
2,2 
1,4 

200 
33,40 

E 

E 
.t:. 
0 

E 

E 
.t:. 
0 

E 

E 
.t:. 
o 

1000 

~ 
100 

10 
~ 

10 100 1000 

AB/2 

1,000 

100 

~ 
\ 

\ 
10 1\ ,., 

\. ,./ V 

10 100 1000 

ABI2 

1000 

100 

- -'" 
/ 

10 

10 100 1000 

AB/2 



COEGA 39 1000 
LAYER THICKNESS RESISTIVITY 

1 ,6 300 
E 10 450 

40 30 
E 100 

273 10 .c 
200 0 

TctrAL S VALUE: 28,66 "" ~ 
~ -

10 

10 100 1000 

AB/2 

= 

COEGA 40 1000 
LAYER THICKNESS RESISTIVITY 

0,65 160 E 
1,65 70 

32,7 11 E 100 
15 .c 

0 TOTAL S VAWE: 3,00 

10 
~ I-

1 10 100 1000 

ABI2 

COEGA 41 1000 
LAYER THICKNESS RESISTIVITY 

1 ,5 1800 
2,8 2300 E 

11 .5 160 
100 11 E 100 ,. .c 

0 
TctrAL S VALUE: 9,16 

-......... 

"" ~ 
10 

10 100 1000 

AB/2 



\ 

, 

COEGA 42 1000 
LAYER THICKNESS RESISTIVITY 

1,2 850 
E 35 5,5 

115 18 E 100 
200 .r:. 

TOTAL S VAWE: 12,75 0 

10 

1\ 
\ / --

1 
10 100 1000 

ABI2 



APPENDIX 4 

BOREHOLE LOGS 



0 

10 

20 

_.:-, 
:-." 1 30 .,' 
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Sited on Resistivity Sounding Site No.6 

BOREHOLE NO: WF 35 (G 35739) EXPLORATION BH. 

CADASTRAL FARM:WELBEDACHTSFONTEIN 300 

TEST YIELD: 1,2 lis 

WATER 

DEPTH STATIC 
BOREHOLE 

STRIKING 
WATER LEVEL LITHOLOGY 

10' LEVEl 
CONSTRUCTION 

& WATER 
QUALITY 

2 .34m. 

25D. 
0 ,1 l/sec 
3200 ,.g/l .. 

,; 
'" ~ 

0 
~ 

'" " -" • • 0 

.... 3200 I.:g/l 
• • ~ 
• 
'" • ~ 3300 mg/l • 
" 0 
'H 

" • "-
" 3500 L-:e/l ., 
e e 
~ 

'" 
3500 L1g/1 

2900 rug/I 

2000 ",g/l 

126m ~~~~ 1,2 1/.oc 
2200 mg/l 

Cable tool percussion drilling 
30/1/84 - 7/3/84 

OESCRIPTION 

TopMil 

Boulder horizon 

Reddish-brown clay 

Blue-grey clay 

Reddish-brown clay 

Fine-grained,light_grey 
silty sandstone 
Yiater: 60 gph. 

Inter bedded red,purple 
and grey clays 

Slue- grey clay 

Red c lay 

White,medium-grained 
sandstone. No meas. water 

Illue - grey clay 

fled clay 

Fine-grained green-/Jrey . 
silty sandstone 

Red clay 

Green clay 

White quartzite (T.M.S.) 

rig. 



Sited on Uesist1vity Sounding Site No. 9 

BOREHOLE NO: RH 39 (G 35740) 
CADASTRAL FARM: AI-IA NZ I 294 

TEST YIELD: 2.66 I/sec 
WATER STRIKING 

BOREHOLE LEVEl 

EXPLORATION BH. 

Cabl e tool percussi on drillit16 rig 

12/}/04 - 13/'1/04 

DEPTH 1m) 

o 

STATIC 
WATER 
lEVU 

CONSTRUCTION & WAHR lITHOLOGY 
QUALITY 

DESCRIPTION 

10 

20 

30 

40 

50 

60 

70 

BO 

90 

100 

110 

120 

'30 

"0 

13.60m 

~ 
o 

20tl 
0,1 l/scc 
11800 mg/l 

11600 me/1 

11360 UJ{J/l 
44" 
0,25 l/sec 

11360 J.:Jg/l 

11500 mdl 

11550 mg/l 

12400 '>e/1 

12 100 1..1;/1 

12040 r..g/l 

12100 oS/l 

i 1660 l:;g/l 

113·10 .gjl 

"340 WJ</l 

.; : 

Bou1c.e l' horiz(>l1 

Green-gr(~:: . Fino! sra! r.e J siltstone 

Light r;rl1:y clay 

Boulder horizon 

Rell cl "' :I 

Light bTey silts t one 

Rell clay 

Red clay 

r.ree n-grey clay 

lIai.·J. \lhite qunrhite (T .t·:.S.) 



Sited on itesir.tivity Sounding Site No. 3e. 

BOREHOLE NO: CM 6 (0 36201) EXPLORA nON BH. 
CADASTRAL FARM: COEOA' S RIVER MOUTH 
TEST YIELD: 

WAlIR STRIKINC 
STATIC BOREHOLE UVEl 

Ci:bIe t(.J ol !.ercussioh ,!rilli flQ cit; 
( 19/4/t~ - ),/10/';4 ) 

DfPTH 1m} WATER CONSTRUCTION It WATER lITHOLOGY OESCRIPTlOIII 

0 

20 

40 

60 

80 

100 

120 

140 

160 

lao 

200 

220 

240 

260 

LEVEL 

FLOW 

0,211/5 1 '" ~ ,. 
" 
" " ri 
0 

• ~ 
0 

" " ~ 
oil 
ri 
0 

... 
~ 

ii-
'" 
" " '" • 'j 

" 0 

" • ri 

• P-
o 
ri 

• • ~ 
0 • • ~ , 
0, 
ri 
0 

,,-
N 

" 
~ 

QUAlITY 

r 49147 "iJ1 1 

::::: ~:: iUIWm 
t-_ c..-

4)400 "1£1 1 

49400 ''lSI 1 

45400 I~ 1 

t=----'-
,----l-:--=-C 
r-:: 
,- ---E-::::-::: 

Grey-.:r,=en :.:i1 ty cIaj' 
Fine-B'rc.im.d 6reen-&rI~y 811 t 
H~io~oc'f~~' Cl'aineti sanJ 
Red cIa] 

FiT.e_ltri.l.ineu t;l:uen-b'Tey s.11 ty san,Jstor.e 

CrC!en-i;rey da;r 
Fine-craineu 1·~::~en-6rey s11 ty iu • .!15 tonl: 
Creen-zrey clay 

n"d cla:r 

Creen-urey clay 

Red clay 

,11700 u;;/ 1 .:.:.:-:.:-:.:. }'ine-erail~ed Ugr.t g::;eenhh-crey S~d.BtoT,e 

r.-~ 

43000 001 1 
r-_-

42950 r.g/ I 

t=--:.-c 
t-==~~ Red clay 

f---
f..----...; 

)6000 ~g/ 1 

E-=-=-
40G5C i!ogl 1 f-"_ ,--
43250 "1;1 1 t:-------
48200 ugl 1 ~ ::= 

f-----
26600 cgl 1 ~---:.-

1030 ~i>/ 1 U~~f~I 

1320 L~g/ I 

:::- ::= 
~=--=-: 

Dark bro",.r. ula:r 
Rl.!'d clay 

Creen-3rey c19,y 

ReJ clay 

Creen- grey clay 

Flr.e-(7'air.ed e'reen-;;rey 
{water ± O,?l lIs 

Red c1<.ly 
Crey dt.y 
~(ed ch;,-

Grey clay 

sandstone 
) 

Int~rbedJed lieht-crrey silty 
sandstone a.nd red clay 

Drilling liuGpe n.le:i at the end of !.:ctober .... ilen cavlr-c luade 
furtl".er prueress ir.:poGs111e. Cement had bE-en pu;oped into 
t he hole in an ntteapt to lJtabil1se ti lO fliJe-w .. lls but 
fc.ilc:!d to harJen. 



BOREHOLE NO: RH 31 (PRIVATE 

CADASTRAL FARM: RIETHEUWEL 

TEST YIELD: 8,9 I/sec 

BH. ) 
296 

WATER STRIKING 

DEPTH 1m) 

o 

STATiC 
WATER 
lEVEL 

BOREHOLE 
CONSTRUCTION . 

lEVel 
& WATER 
QUALITY 

LITHOLOGY DESCRIPTION 

Topsoil 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

FLOW 
1.21/sec 

~. 

" 

: : :-:-: : : 
.• : .... ! .... : . • 

- -
. ...... 

Red clay with silty bands 
Red-brown silt 
Red clay with silty bands 
Light green silty clay 

Red clay with silty bands 

Multicoloured silty clays 

Red clay with silty bands 
Multicoloured silty clays 
Light-grey to white clay 

: ~"",,:,,=". . Reddish-brown clay wi th 
interbedded yellow-grey 
and blue-grey mudstones. 

:-"7:,:".: 
... . . ' Light-brovn sugary sandstone 
: ','-;-'::' ':: with minor interbedded clay 

, .. .. . 
...... 

75m . . . .. Hard whi te quartzi te- TMS. 
8.9 l/sec . 
128 mg/l 



BOREHOLE NO: RH 34 (PRIVATE 

CADASTRAL FARM: RIETHEUWEL 

TEST YIELD: DRY HOLE 

BH. ) 
296 

WATER STRIKING 
BOREHOLE LEVEL 

DEPTH 1m) 

o 

STATIC 
WATER 
LEVEL 

CONSTRUCTION & WATER LITHOLOGY 
QUAllTT 

All casinp: 
removed. 
Borehole 

collapsed. 
10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

.... :~: ... 

: . '.~'.':. 

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

..... ' .' 

DESCRIPTION 

rink clay and calcrete 

Red clay 

~ed and grey clay 
Purple-red clay 
Khaki-brown silty clay 

~rown siltstone wi th 
l:linor clay 
Khaki-brown silty clay 

Bro·.m siltstone with 
Itiner clay 

Interbedded red and 
grey-white clays 

Fine-grained greenish­
erey s ilty sandstone 

Red clay 

Fine-grained greenish­
grey silty sandstone 



BOREHOLE NO: RH 35 (PRIVATE BH.) 

CADASTRAL FARM: RIETH EUWEL 296 
TEST YiElD: DRY HOLE 

WATER STRIKING 
lEVEL 

DEPTH (m) 

o 

STATIC 
WATER 
LEVEL 

BOREHOLE 
CONSTRUCTION 

All cas i ng 
removed . 
Borehole 
collapsed . 

& WATER 
QUALITY 

LITHOLOGY 

---

........ 
20 

40 

60 

80 

100 

120 

14 0 

160 

180 

200 

DESCRIPTION 

Topsoil 
'v/hi te clay 
Khaki-brown silty sand 
Red clay 
Khaki-brown silty Band 

Red clay with narrow 
bands of s ilty sands t one 

Fine- grained greenish­
F,Tey silty sandstone 

l1ulti-coloured clays 
with interbedded grits 
and siltstones 

Fine grained greenish­
grey silty sandstone 
}!ul ti-coloured clays 
with minor s il tstones 

Fine- graine d gr eenish­
e rey s ilty sandstone 

Red clay 

F.gr. ere en-grey a1ty sst. 
Green- grey sandst one with 
fragments of TNS . 

Fine-grained greenish­
grey silty sandstone with 
minor grits and red clay 
bands. 



BOREHOLE NO: RH 36 (PRIVATE BH, ) 

CADASTRAL FARM: RIETHEUWEL 296 
TEST YIELD: 7.7 I/sec 

WATER STRIKING 
BOREHOLE LEVEl 

DEPTH Iml 

o 

STATIC 
WATER 
LEVEL 

FLOW 

1,9 I/sec 

CONSTRUCTION & WATER 
QUALITY 

LITHOLOGY DESCRIPTION 

E::::='1 Topsoil 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

83" 
0 .1 l/sec 

..... , . Red clay with thin si lty int~rbed s 

r'",' ",' ',-'",' ,-,';' Light-grey silty sandstone 

--

.. :-::~. , 

.. ' ~"";i':' .. 

.. ~.:.:..::.-:-:-... 

. . . . . .. , . 

Interbedded red and light 
grey-green clays 

. Red clay with thin ail ty interbeds 
Red and green clays 
\fui te clay band 

Red clay with narrow interbedded 
. bands of slightly coarser silt 

546 mg/l ,,", 

108m 
7.7 l/sec 
130 mo/l 

:"..oft, sugary , medium-grained 
r,andB tone~ Prob. weath. TNS. 

.... . lIard whi te quartz! te-TMS. 



APPENDIX 5 

AQU IFER TESTS 
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50 

60 

. . ..... 

BOREHOLE NO. 

ASW1 '13.4 m 

(flowing hole) 

. . . .. . . .... ~ ----.--- . 

ASW2 =13 . 0 m 

........... _- .. 

RH 31 
t.SW3=22.7m 

STEP DRAWDOWN TEST ' 

~., .. -.-

10 100 1000 

TIME 0) (minutes) 

J ACOB ANALYSI S 

~ .Sw (m ) AQ ( m' / day ) A Sw/"'l C 

x 10- 2 x~-5 

1 13,4 317 4,2 

2 13,0 168 7,7 7, 2 

3 ~2 ,7 220 10,3 6,7 

4 15,1 66 22, 9 44,.0 
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BOREHOLE NO. RH 31 

STEP DRAWDOWN TEST 

• 

I 

10 

---- -------- l>SW1 = O. 7 m 

- ------------- l>SW2=1.1 m 

__ A _____ ------- l>SW3 = 2.1 m 

J 

100 

TIME (I) (minutes) 

HAZELL ANALYSIS 

Mean 4SW = 1,55 m 

Mean ~ = 570 m' / day 

= 67 m' / day 

J 

1000 
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BOREHOLE NO. RH 31 

RECOVERY TEST 

IllS 

I 
I 
I 
I 
I 
I 
I 
I 
I 

__ ~~ ~Y~L':' ___ J 

laO 1000 

tIt" (minutes) 

THEIS RECOVERY METHOD 

t = time in days since pumping started 

t- = time in days since pumping stopped 

Q = rate of recharge = rate of discharge 

~ 518 m'l day 

bS = Residual drawdo ..... n per log cycle of tit" 

T = 2,30 Q/ 4~dS 

= 5,4 m'l day 



o 

. . .... AS W1 =1.B6m 

. .. 
2 

3 
u; 
~ 
0; 

.5 
§ 
z 4 

.. " ~ BOREHOLE NO. CK 10 
) 0 

Q 

~ « a: ST~P DRAWDOWN TEST 
Q 

5 

6 

., 

7r-------------,-------------.---------____ , 
10 100 1000 

TIME (tl (minutes) 

Step ASW (m) AQ (m' / da~) ASw/ A Q c 

X10- 3 x10-6 

1 1,86 740 2,50 

2 0,97 200 4,85 2,5 

3 1,04 215 4,47 -0,9 

4 2,26 51 44,31 149,7 

Ignoring the value for step 4, mean C = 8,0 x 10-5 



o 

-- - -- --
l1S W1 =O,83m 

2 
---- .... -- -.---- - -:-

3 

4 

aSW4 = 2,59 m 

5 

BOREHOLE NO. CK 10 

6 STEP DRAWDOWN TEST 

7r--------------,---------------,--------------, 
10 100 

TIME (t) (minutes) 

HAZELL ANALYSIS 

Mean to Sw 1,62 m 

Mean Q = 1010 
, 

m 

T 2,3 Q / 411""6 S .... 

114 m' / day 

1000 



7 
'>. 
'" c BOREHOLE NO. CK 10 
;; 
E 6 STEP DRAWDOWN TEST 

E' 

-E • en 5 
::" .") M , 

0 
z ;;: x 
0 
c 4 ;;: 
« 
et: 
C 
U 
u: 3 
U 
III 
"-en 

2 

200 400 600 800 1000 1200 1400 

DISCHARGE RATE (0) (rn'l Day) 

BIERSCHENK AND WILSON ANALYSIS 

Well loss factor (el Slope = 2,45 x 10-6 

Aquifer loss factor (B) = Y intercept = 0 ,68 x 10-3 

Drawdown(S )= 
w 0,68 x 10-3 Q + 2,45 x 10-6 «2 

Transmissivity = 1,22/B 

= 1794 m2
/ day 
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BOREHOLE NO. CK10 (PUMPED HOLE) 

30 HOUR CONS TAN T RATE TEST 

MEAN DISCHARGE (Q) =1106 m3/day 

SAl =7.33m 

• 

Al 

! 
! 
, 

• 

• ,6SAPS.91 m 

• 
• • • • 

10 

JACOB'S ME'THCD 

• • 
•• 

• • •• 
• • 

• 
• 

! 
· 
· · · I : 

• • 
• •• 

I : _·········· __ ·· __ ···_· ·····_·1··--' 
log cycle I 

• 

tOl=43min s 

100 

TIME (t) (minutes) 

CHOW ' S flETHOD 

I 

t A1 =720mins l 

1000 

= 34 m' / day 1, 24 

·'(u), 2,75 (from tables) 

T, Q W(u), /41< SA' 

= 33 m' / day 
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BOREHOLE NO. CK 11 (OBS. BH. TO CK . 10) 

30 HOURS CONSTANT RATE TEST 

• 

MEAN DISCHARGE (Q) = 110~ ........ ..... !.op.. : ~.:~~ ......... . 
DIST. FROM CK.10 (r) =4,40m a y! 

1 
, 

S~;:4.88';-- ----- - ----------- -- -1------- -- -

i 
.. j " 

ASA2 = 6 .OSmi 

i 
! 
i , . 

.. I~~ .. 7J.~!~_ .......... 1 .. - ... "! 

ASA1 . ,.15 ~ i · 
j 

SAl=l,92m , ------- --- --- -- -------i-------I 

• 

:1;1.13 mlns 

10 

! : 

tAl .. 50 mlns 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

100 

TIME (t) (minutes) 

J ACOS I S METHOD 

T1 = 2.3 Q ! 44 5A1 . 

so 176 m
l /day 

CHOW I S METHOD 

F (u ) 1 SA, I 11 SAl 

', 67 

I 
I 

: tA2 = 
6 00 mins 

1000 

5, 2, 25 T,t0 1 / rt 

1, 50 x 10 . 2 
W ( u ) 1 3 .79 ( from tables) 

u, rl S, / 4T",t 

For vali dity u ( 0 , 0 1 

ie. when t >64 mins. 

T2 33 ul/ da y 

52 • 2,56 x 10 . 1 

Val id when t) 5406 mi ns 

u1 

T1 

5 1 

F (u ) 2 = 

W( u )2 

u2 

T2 

52 

1.30 x 10.2 

Q W( u) 1! 4~5A 1 

174 m' / day 

4 u,T,tA, / r • 

', 62 x 10.2 

0 , 8 1 

1 , 65 

', 2 x 10 - 2 

24 rot / day 

2, 48 x 10 . 2 
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10 
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BOREHOLE NO. CK 10 (085. BH. TO CK 11) 
12 HOURS CONSTANT RATE TEST 
MEAN DISCHARGE (Q)=1141 m3/day 
DIST.FROM CK11 (r) =4.40m 

• • 
• • • • 

eA 

• • • 
• • 

••• • 
•• • •• 

~1 L-________________ ~------------------~------------------
0.1 

THEIS METHOD 

u = 0,1 

5 = 0,4 

t/r2
;C,17 

T ; <Q/ 4 •• )'.l(u) 

; 227 m' / day 

S ; 4T(t/ r')u 
-2 =1,07x10 

10 100 
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BOREHOLE NO. CK11 
STEP DRAWDOWN TEST 

• • • • • 

- __ -- -- -- --R.W.L. 

• • • • 
~ 

b.SW4 = 2.68m 

10 100 1000 

TIME (Il (minutes) 

JACOB ANALYSIS 

Step 6SW (m) 6Q Cm' / d.~) ",SW/6 Q C 

X 10-3 x~-6 

1 3,53 942 3,7 

2 1,99 227 8,7 4,2 

3 1,88 145 12,9 11,2 

4 2,68 145 18,4 18,9 

Mean C 11,4 x 10-6 
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6SW3 = 3.94m 

BOREHOLE NO. CK 11 
STEP DRAWDOWN TEST 

10 100 

TIME (t) (minutes) 

HAZElL ANALYSIS 

Mean ASW ; 3,23m 

Mean Q = 1221 m' / day 

T = 2,3 Q / 4~AS 

= 69 m' / day 

1000 



10 

8 

6 

4 
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BOREHOLE NO. CK 11 (PUMPED HOLE) 

12 HOURS CONSTANT RATE TEST 

MEAN DISCHARGE (Q) = 1141 m2/day 

log cycle 
r· ·-·-·· ·-··· -·····-~---· ·· ~ · ····-· · -·-~ 

SM=~7gm i 
--------------------- --- ----- --7- - --- - -- --- - - ,Al 

! 

• 
• 

• • ••••• 
• • • • 

I 

i 
!ASAl = 8,10 m 
i 
: 
! 
i 
i .... . " •• 1 

• • • ••• 1 

, 

10 100 1000 

TIME (tl (minutes) 

JACOB'S METHOD CH OW I 5 NETHOD 

T1 = 2, 3 Q / 4"" SA1 F(u)1 = SA1 /" SA1 

= 26 m' / day 0 , 96 

W(u)1 = 2,04 (from t ables) 

T1 = Q '(u)1 /4"SA1 

= 24 n' / day 
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BO REHOLE NO. CK10 (OB5. BH. TO CK 11) 

12 HOURS CONSTANT RATE TEST 

MEAN DISCHARGE (Q) = 1141 m3/day 

DIST. FROM CK11 (r) = 4.4 m 

• • 
• 

Al 

• 0 

• ----- -_.- -_ •• - • __ A. -+- _ . .. " •... _ .. _ .. 

• log cycle 0 

• I 
• I 

• I 
I 

• I • I 
I 
0 
I 
I 
I 
0 
I 
I 
I 
I 
I 

I tAl=35~ins 

10 100 

TIME (I) (minutes) 

• 
• 

J AC03 0 S METHOD CHO\l 0 S HETROD 

Tl = 2,3 Q/4 t. SA, F(u) = SA' I·S A, 

= , 86 ml/ day = ',55 

• 

5, 2,25 T,to, I r 
, 

W(u) = 3,50 (from tables) 

= 1,50 x '0-2 u = 0,0'7 (from tables) 

u, = r'S, 14T,t T, = Q W(u) / 4~SA' 

For validity u I.. 0,01 
= ,83 m'l day 

ie. when t ') 56mins 
S, 4uT,t A, I r 

, 
= 

= 6 -2 ',5 x,O 

• • 

1000 
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BOREHOLE NO. BA 1 
(MAIN GROUP) 

STEP ORAWDOWN TEST 

10 

IISw1 ) 8,25 m 

Iflowin~ hole) 

"­---

" .... 

100 

""" 

"~--1 ASW3 =1,71 m 

...... ... 

~}w, .,"-
" 

lClOO 

TIME (t) (minutes) 

JACOB ANALYSIS 

Step • Sw (m) 4Q (m' / da~) 

1 ~8.25 890 

2 2,72 67 

3 1,71 43 

4 1,79 97 

4Sw/ 4 Q 

x 10-3 

, 9,27 

40 , 60 

39,77 

18,h5 

c 
x-;-5 

( 3,27 

-0,75 

-15,22 



BOREHOLE NO. SA 1 
2 (MAIN GROUP) 

-;;; 
e 
;; 
S 
§ 

4 

6 

8 

z 10 
~ o 
o 
~ 

'" a: 
o 

12 

14 

STEP DRAWDOWN TEST 

• 

• 

.... ~ -- ------ ---- ---. ---.- ----. 
• 

• • • 
• 

• 

• 

t.SW3 = 3.40 m 

1 6~--------------.---------------,---------------~ 
10 100 

TIME (I) (minutes) 

HAZELL ANALYSIS 

Mean ~ Sw = 3,08 m 

Hean Q = 986 m'l day 

T = 2,3 " I 4.rASw 

59 m'l day 

1000 



••• • 
. . 

BOREHOLE NO. BA 1 

'6 9 HOURS CONSTANT RATE TEST 

(PUMPED HOLE) 
• 

'4 

'2 

'0 

8 

6 

4 

2 

MEAN DISCHARGE (0) =1230m3/day 

SA1 ;13,12 m Al 
-----------------

.6.SA1 = 6,77m 

.. _ ..... _ ... _._ .. . __ .. _ L . __ ._ .. i 

,0 

JACOB'S HETHOD 

Tl = 2,3 Q / 4n'"ASAl 

= 33 m
1

/ day 

I 
I 
I 

I 

: tAl = 50 mins 

,00 

TIME (t) (minutes) 

CHOW ' 5 HETHOD 

= 1, 94 

W(u)l = 4,43 (from tables) 

T, = Q \I(u), / 4<SA' 

= 33 rnl/ day 

1000 
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BOREHOLE NO. BA 1 

RECOVERY3 AFTER 9 HOURS PUMPING 
AT 1230 m Iday • 

• 

• 

, , 
. __ ....•..... I.~Jl .. £.w.L_ .... _) 

• 
• 

tit" (minutes) 

THEIS RECOVERY HSTHOD 

T= 2 , 3Q / 4lfh S 

= 27 m' / day 

6S=8,2Sm 
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BOREHOLE NO, RH 17 (EDWARDS) 

24 HOUR CONSTANT RATE TEST 

MEAN DISCHARGE (Q) = 2400 m3J day 

• 
• • 

• 
• 

• •• LOG CYCLE -.. --------------------, 
• •••• • I , , , 

: 6SA =l,15m , 

• 

7 ~--------------~--------------~--------------~ 
10 

JACOB' 5 METHOD 

= 382 m' / day 

100 

TIME (t) (minutes) 

CHOW' 5 METHOD 

F(u) = SA/aSA 

= 4,'93 

w(u) = 2,30 F(u) 

= 11,34 

382 m' / day 

1000 
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