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24 July 1996 5
Department Water Affairs and Forestry

Regional Director, KwaZulw/Natal

PO Box 1018

Durban

4000

FOR ATTENTION: Mr. SW Gillham

Dear Sir

GEOHYDROLOGICAL SERVICES IN KWAZULU / NATAL -
LADYSMITH DISTRICT |
It 1s our pleasure to submit the following copy of the report RVN38/05/92 entitled

“GEOHYDROLOGICAL SERVICES IN KWAZULU / NATAL - LADYSMITH DISTRICT” to
the Department Water Affairs and Forestry.

We trust that the report will fullfil the expectations of the Department Water Affairs & Forestry. We
will supply any additional information if needed and look forward to being of further service in the
future.

Yours sincerely

¥l

Mr. DC Rﬁdolph Pr.Sci.Nat

DIRECTOR
GEO HYDRO TECHNOLOGIES

Copies : 2)  Department of Water Affairs & Forestry, Natal Region.

1)  Thukela Joint Services Board.
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1. INTRODUCTION

1.1. BACKGROUND

Geo-Hydro Technologies (GHT) was commissioned by the Department of Water Affairs and
Forestry, KwaZulwNatal, Durban, to undertake geohydrological services in Central
KwaZulu/Natal Region - Emnambithi (Ladysmith) district. The geohydrological ‘services
included geophystcal surveying for the siting of boreholes in needy areas, as identified by
Thukela Joint Services Board, the drilling supervision of a possible three boreholes per
identified area and pump test supervision of the successfiil boreholes. During the course of the
project, GHT was to submit progress reports on the siting, drilling and pump testing activities.

At the conclusion of the project, GHT was to submit a report, detailing all work done, analyses
of the data gathered and management recommendations to Department of Water Affairs &
Forestry, KwaZulu/Natal, Durban,

2. GEOPHYSICAL EXPLORATION

The geophysical survey was done during January - February 1996 to detect and delineate
secondary structures for groundwater exploration. The geophysical exploration inchuded the
siting of boreholes for 28 identified areas.

'The purpose of the geophysical investigations were therefore to;

® evaluate the electromagnetic "Geonics EM34-3", magnetic and direct current sounding
techniques under the specific geclogical conditions, and

U to detect and delineate the aquifers as present in the area of interest.

Favourable conditions for the geophysical work, which prevail in the area, are;
. geological conditions, like;

e  the exploration target (dykes) which is conductive, and therefore it is an ideal
electromagnetic target and

U the dykes are normally magnetic, because of the presence of magnetite. The
magnetic method which measure the magnetic field intensity of the earth can be
used to map magnetic structures.

Unfavourable conditions for groundwater exploration were;

. cultural interference effects due to power lines, fences, etc. Close record were kept
during the survey of the distance between the geophysical equipment and power lines
and fences. The position of these interference objects was noted during the field survey
for use during the processing of the data.

e  The extreme rainfall conditions that occurred during February made some of the terrains
inaccessible after they had been sited. In some cases the sites could not be reached at all
due to the fact that rivers were in flood, cutting off all access. The rain furthermore
worsened the problems encountered with road conditions and topography. Dirt roads
were tumed into mudpiles and roads that had recently been graded became too slippery
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for the drill rigs to pass. Therefore, additional sites were sited where the geophysical
work was limited to the vicinity of the gravel roads.

Tables 1.1 and 1.2 give a summary of the geophysical surveys that were carried out at the
different communities for borehole placements. A short description of the geophysical
methods which were used during the survey can be found in Appendix A. The electromagnetic
and magnetic results printed out as profiles are listed in Appendix B.

2.1. CONCLUSIONS

Electromagnetic and magnetic profiling are too valuable of an investigation tool not to be used
to their full benefit. They allow the thorough coverage necessary to take an objective look at
the entire area under investigation. ' The geophysical data if collected, analysed and interpreted
correctly provide an insight into the conceptual geological model, rarely obtained through other
means. Borehole placement without the use of geophysics and a knowledge of the geology is a
primitive and risky investigative procedure.

From the work done on site, the following conclusions can be made;

. the inaccessibility of the terrain, afler the extreme rainfall conditions, has limited the
applicability of the geophysical techniques only to certain areas where the drilling rig can
getin. The effect of this is that some of the drilling sites were selected alongside roads.

. Due to the limitations that were given for borehole placement at some of the areas, the
geophysical techniques could not be used not for siting. Therefore, borehole placement
was done on the geology.

At 23 identified areas from the 28, borehole placements were done using geophysical methods.
The rest of the borehole placements were sited on geological features such as outcrops from
dolerite dykes and faults in the area.

DRILLING 7

The drilling programme commenc mid Eebruary 1996 until the beginning of March by the
firms J.D. Nel Drilling Contracto@m/d DFPL Beleggings. During this period a total
of 28 boreholes were drilled under extreine rainfall conditions that prevailed in the area. From
the 28 boreholes drilled, 17 yielded successful groundwater occurrence.

All the boreholes drilled in the area are identified by the KwaZulw/Natal numbers from
B303327 to B303354. The logistics of the drilling programme are summarised in Tables 2.1
and 2.2. A complete geological and construction record for each borehole is presented in
Appendix C. The positions of the new boreholes drilled can be seen in Figures 1 to 5.

All the boreholes were drilled using conventional direct air rotary percussion. The boreholes
were completed to a diameter of 165 mm, and in some cases 215 mm and 254 mm. Plain
(solid) casing was installed through loose and potentially unstable overburden and weathered
near-surface formations. In some boreholes the nature of the water-bearing horizons indicated
that perforated casings needed to be used to secure these zones against collapse.
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Figure 1. Locality plan of the new boreholes.
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Figure 2. Locality plan of the new boreholes.
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Figure 4. Locality plan of the new boreholes.
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GEOHYDROLOGY

Only a brief overview of the geology, as relevant to the geophysical and geohydrological work
will be given.

The lithostratigraphy of the water-bearing formations in the area of interest is namely;
e  the Vryheid and Volkrust Formation from the Ecca Group of the Karoo Sequence.

The Volkrust Formation mainly consists of dark grey shale. The Vryheid Formation consists
of medium- to coarse- grained sandstone with thin grit beds and grey micaceous shate. Karoo
dolerites, in the form of dykes and sills (sheets) are common throughout the Beaufort Group.

41. GROUNDWATER OCCURRENCE

A borehole is deemed successful if upon completion it yields more than 0.08 I/s. On the basis
of the drilling results, three modes of groundwater occurrence in the area are identified. These
are the following;

. groundwater in sedimentary rocks. Groundwater that is held in the undisturbed
sandstone and shale. These comstitute poor to moderate aquifers for handpump
installations that support low yielding (< 1 I/s) boreholes. Boreholes LZ27 (B303347),
LS19b (B303342), LQ17¢ (B303331) and LX24b (B303330) penetrate such aquifers.

. Groundwater that occurs in subvertical contact zones between the sediments and the
dolerite dykes that intrude them. These constitute moderate to good aquifers.
Boreholes LC3 (B303328), LB2 (B303327), LES(B303345), LK1 (B303335) BG3
penetrate such aquifers.

* Groundwater that occurs within harder, fractured and jointed sediments that owe these
properties to moderate alteration by nearby dolerite intrusions or faults. These constitute
good aquifers. Borehole LI9b (B303334) penetrates such an aquifer.

All the rocks in the area are inherently impervious and are low yielding. The storage,
movement and occurrence of groundwater in these rocks are controlled by their secondary
geohydrological properties.

The nature of the water-bearing rocks from the Ecca Group lack significant primary porosity
and are dominartly arenaceous strata. The secondary hydrological properties developed as a
result of openings produced by jointing, faulting, the intrusion by dolerite and physical
weathering.

On the basis of the abové observations it is clear that the siting of a bigh yielding borehole
the area requires the scientific identification of a suitable drilling target.

The water table in the area is limited to joints, fissures and other permeable zones. It is
reasonable to assume that the aquifers in the Ecca Group are of a semi-confined to confined
nature. . This is supported by the observation that the static groundwater level in all the
boreholes that were drilled is shallower than the first water strike. Further, the existence of
artesian boreholes (8303340 and B303345) in the area also supports this assumption.

GHT OFS Report No RVN38/05/92 GEOHYDROLOGICAL SERVICES IN KWAZULU/NATAL - LADYSMITH DISTRICT
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5. TEST PUMPING

The testing programme entailed a 6 hour constant discharge test followed by a recovery test on
boreholes with blow yields below 2 I/s. For boreholes above 2 I/s blow yield a 12 hour
constant discharge test followed by a recovery test were carried out.

The methods of Theis, Theis Recovery and Cooper-Jacob were used in the analyses of the data
obtained from the constant discharge tests. The determined parameters were used in the Theis
equation for the prediction of the drawdown obtained under a given discharge rate. The
analysed pumping test data of the potential production boreholes are presented in Appendix D.

The exploitation potential of groundwater depends not only on the given borehole prospects,
but also on storage, recharge and quality of groundwater. A summary of the boreholes tested

and its hydrogeological properties are given in the management recommendation and water
quality spreadsheets.

6. MANAGEMENT RECOMMENDATIONS AND WATER QUALITY

For all the successtful boreholes management recommendation and water quality spreadsheets
have been prepared and are listed in Appendix E. The spreadsheets contain all the necessary
information regarding the site logistics, water quality, the pump test results, pump installation
specifics and recommendations, '

6.1. HYDROCHEMISTRY

‘Water samples were taken during the drilling phase and at the end of the pumping tests.
These samples have been analysed by the Institute for Groundwater Studies, UOFS, for
pH, electrical conductivity (EC), ammonia (NH, as'N), calcium (Ca), chloride (CI),
Fluoride (F), magnesium (Mg), nitrate (NO; as N), phosphate (P), potassium (K),
silicon (Si), sodium (Na), sulphide (SO4), total alkalinity (as CaCOs) and total dissolved
solids. The results are listed in Appendix F and are evaluated according to the
guidelines set in “South African Water Guidetines - Volume 1, Domestic Use, 19937,

BOXPLOTS

The basic constituents that occur in groundwater in health endangering concentrations
are sodium, magnesium, chloride and sulphate. To these nitrate and fluoride must be
added as they often occur at dangerous levels in groundwater and the parameters pH
and electrical conductivity. Boxplots of these basic constituents have been prepared
and evaluated according to the SA Drinking Water Standards for humans. The
graphical representations of the boxplots are illustrated in Figures 6 to 13. The last
sample value on the boxplots represents the pumptest sample. Although only two
sample values per borehole exists, the following meaningful interpretations and
conclusions can be drawn from the boxplots :

. The obvious difference in the boxplots is the variation in the concentrations of
sodium, magnesium, chloride, fluoride and nitrate values and the parameter
values of pH and EC.
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* A close investigation of the constituent values in the boxplots indicates that a
variety of water types are present.

. The boxplot of the pH parameter (Figure 6) indicates that all the samples fall
within the maximum recommended guideline range (Class 2).

. The boxplots of the EC parameter, the sodium and chloride constituents (Figures
7, 8 and 10) indicate that samples LK2 (B303336) and LZ27b (B303347) exceed
the maximum recommended guideline value. Sample LK2 (B303336) has a
small standard deviation above and below the mean value which is indicative of
tightly clustered values around a central value. Sample LZ27b (B303347) has a
large standard deviation above and below the mean value which is indicative of
largely spread amongst the central value,

. The magnesium, sulphate, nitrate and fluoride boxplots (Figures 9, 11, 12 and
13) indicate that all the latest sample values fall within the maximum guideline
value (Class 2). There is some concern in the standard deviation of the fluoride
constituent of sample LQ17¢ (B303331). The first sample (drilling phase)
plotted above the maximum recommended guideline value, while the second
sample (pumptest phase) plots below the acceptable value (Class 1).

TRILINEAR DIAGRAM

Apart from the boxplots, the chemical compositions of ground water may be effectively
represented on a trilinear diagram developed by Piper, He proposed that ground water
be treated as though it contains three cation constituents ie. sodium, calcum and
magnesium and three anion constituents ie. bicarbonate, sulphate and chloride only.
As can be seen in Figure 14, the Piper trilinear diagram combines three plotting fields,
ie. two triangular fields and a intervening diamond-shaped field, ail having scales of 0
to 100 representing percentages of total equivalents per million. The proportion of
each cation constituent is plotted as‘a single-point in the left-hand triangular field and
each anion constituent is plotted as a single-point in the right-hand trangular field. The
central diamond-shaped field is used to show the overall chemical character of the
ground water by a third single-point which lies at the intersection of the projections
from the cation and anion points. ' '

The ground water sequence of chemical evolution currently in use, can be explained by
the following

(1)  Ground water directly after being recharged towards the ground-water regime
and within the uppermost zone of facies of development, has a Ca/MgHCO;
character which can be ascribed to dissolved CO; normally present within rain-
water. Recharged or infiltrating rain-water reacts with calcium and magnesium
within the aerated and unsatyrated zone resulting in a unique bicarbonate
chemical character répresenting recent ground water. As the ground water
moves fiirther, calcium and magnesium are adsorbed on particles present within
the soil and rock with a simultaneous release of Na'-ions; a reaction which resuits
in the water having a dominantly NaHCO; character. The ground water
maintains this NaHCQ; character as long as the rate of movement remains
constant,
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(i) However, within the intermediate zone of facies development with less intensive
circulation , the rate of ground water movement slow down resulting in
precipitation of remaining CaCOs, with a resultant drastic increase in cr
percentage and higher total mineralisation of the ground water.

(i) As long as the rate of movement remains sufficient, the ground water maintains
its SO4” + CI character. If the rate of movement decreases fitrther, the SO,
precipitates which results in a ground water enriched in chloride. In terms of
facies development this represents the lowermost zone in a near stagnant
condition with highly mineralised water.

However, one must keep in mind that this chemical evolutionary processes is only valid
under relatively shallow conditions of ground-water flow. If ground water therefore is
entrapped within deeper zones of the ground-water regime, the above-described
processes and sequences will change. However, the use of the Piper trilinear diagram
will still be of help in distinguishing between recent shallow flowing ground water and
entrapped older deep seated ground water. In the light of the above discussion, the
following classification may be introduced which permits ground water being placed
within one of the four major categories, represented on the central diamond-shaped
diagram in Figure 15, namely

(1) recent ground water having a high Ca/MgHCO:; content,
(i) adynamic regime containing NaHCO; ground water,

() stagnant ground-water conditions characterised by Ca/MgCl, and Ca/MgSO,
ground waters, and

(v) old or mature ground water enriched in Na* and CI,

...... Ca/MgS0, and Mg/CaCl, water
o Rge @ (STAGNANT)

M
&
* . .o . .- .
’ *
» 40
&

20/ ) GERR
NACI and Na, SO, weter

Ca/MgHCO, water—t o0 oo 0 o Y (oLD}

(RECENT) - L R '..._.:."... ..:_..:: ) -

NAHCO, water
(DYNAMIC)

Figure 15. Subdivision of the central diamond-shaped field into 4 categories.
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Based on the Piper diagrams in Figures 14 and 15 the water samples can be classified
into the following categories, namely :

Recent water:  LW23b (B303343), LS19b (B303342), LHS (B303340), LY25b
(B303338), LC3 (B303328) and LX24b (B303330).

Dynamic water: LIS (B303334), LJI0 (B303350), LG7 (B303349), LES

(B303345), LD4 (B303344), LR18 (B303354), LB2 (B303327)
and LQ17c (B303331).

Old water : LK2 (B303336), LK1 (B303335) and LZ27b (B303347)

The decision whether or not to equip boreholes was based on the fitness for emergency
potable use according to the following three categories as indicated in Table 3 by the
Institute for Water Quality Studies.

From the 17 successful boreholes, two failed for equipping namely, LK2 (B303336)
and LZ27b (B303347). Boreholes LK2 (B303336) and LZ27b (B303347) failed due
to the high sodium and chloride content. The high sodium and chloride content holds
the danger of deaths in infants due to sait overload. Therefore, without suitable
treatment of the salt content (desalination - reverse osmosis) the borehole is not fit for
emergency potable use.

Table 3. Provisional class guideline categories for the assessment of the fitness for use
of borehole water for emergency potable use.

CONSTITUENT CLASS 1 CLASS 2 CLASS 3
Total dissolved solids (mg/1) <1000 1000 - 2450 >2450
Electrical conductivity (mS/m) <150 150 - 370 >370
Nitrate plus nitrite as N (mg/1) <10 | 10 - 20 >20
Fluoride (mg/l) <15 1,5 - 4.0 4.0
Sulphate (mg/1) <400 400 - 600 >600
Magnesium (mg/1) <100 100 - 200 >200
Sodium (mg/1) <200 200 - 400 >400
Chloride (mg/1) <200 200 - 600 >600
pH o 5-9 4-50r9-10| <4or>10

» CLASSI: Water suitable for emergency potable supply on a lifetime basis and the
boreholes can be equipped immediately.

The borehole water is of such physical and chemical quality that consumption of the
water on a long term basis will have no health effects on the users. Slight aesthetic
effects (for example taste) may however occur in the upper range of this group.

« CLASS I : Without suitable treatment, water only suitable for emergency potable
supply on short term basis and the boreholes can be equipped when no
other water source of better quality are present.
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The borehole water is of such physical and chemical quality that consumption of the
water, without prior suitable treatment, on short term basis will have no health effects
of the users. Aesthetic effects may occur and health effects when water is consumed on
a long term basis.

* CLASSTI: Without suitable treatment, water not suitable for even emergency
potable supply and borehole not to be equipped.

The borehole water is of such physical and chemical quality that consumption- of the
water, without prior suitable treatment, even on short-term basis will have health effects
of the users.

6.1.1. CONCLUSIONS

Based on the hydrochemical results and the interpretation from the boxplots
and Piper diagrams the following boreholes fall in the Class 3 guideline value
and can thus not be equipped, namely

¢ LK2 (B303336). High NaCl content (Na = 1121 mg/l & Cl = 627 mg ).
* LZ27b (B303347). High NaCl content (Na = 1121 mg/l & Cl = 627 mg.l).

On the Piper diagram, both these samples plot in the NaCl and Na,SO,
category (old water enriched in Na” and CI). The high sodium and chloride
content holds the danger of death in infants due to salt overload. Therefore,
without the suitable treatment (desalination - reverse osmosis) of the borehole
water, the water is not fit for human consumption.

Water samples must be taken on a regularly basis at all the production
boreholes and analysed for the constituents to determine the fitness of the
borehole water for future emergency potable use. -

GROUNDWATER MANAGEMENT

Overpumping occurs when water is abstracted from aquifers at a rate which exceeds
the rate of recharge to the aquifer. This situation manifests itself in the lowering of
water levels, pump suction and eventually the drying up of the boreholes. The adverse
effects of overpumping include increasing energy costs for pumping as the water level
declines, added maintenance costs for lowering pumps and deepening boreholes.
Overpumping can endanger both the borehole itseif as well as the pump installation.
All the boreholes will be equipped with handpumps and it is therefore unlikely that
overpumping might occur from the aquifers.

6.2.1. Proposed abstraction

Since all the successfil boreholes will be equipped with handpumps, its
discharge is directly proportional to the speed at which their handles are tumed.
Therefore the abstraction rates for all the boreholes will be more or less the
same depending the depth of pump intake installation. The performance of a
typical handpump that can be obtained by the average person is approximately
between 0.09 - 0.2 I/s. In Table 4 all the relevant information regarding the
pump installation specifics are given.
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6.2.2. Maintaining safe water supplies

The boreholes will not always continue to have the same yield. The water yield
vary depending on the time of year, the number of new boreholes in the vicinity
and the yearly changes in the anmzal rainfall.

If some of the high yielding boreholes are going to be equipped with a
motorised unit in the future, it is recommended at least a 24 h constant
discharge test must be carried out to determine the optimal operation properties
under the specific geohydrological conditions.

To ensure a continuos supply from the production boreholes, a proper
management plan is needed so that the aquifer is used optimally. To do this,
firstly, the pump test results have been used to determine the aquifer and

borehole characteristics, which were used to decide on the optimum rates and
times.

It is further recommended that members of the communities must be trained to
take water level measurements to ensure the proper management of the aquifer.

7. CONCLUSIONS

" The following conclusions are drawn from the results and findings of the geohydrological
services:

® FElectromagnetic and magnetic profiling are too valuable of an investigation tool not to be
used to their full benefit. They allow the thorough coverage necessary to take an objective
look at the entire area under investigation. The geophysical data if collected, analysed and
iiterpreted correctly provide an insight into the conceptual geological model, rarely
obtained through other means. Borehole placement without the use of geophysics and a
knowledge of the geology is a primitive and risky investigative procedure.

From the work done on site, the following conclusions can be made;

. the inaccessibility of the terrain, after the extreme rainfall conditions, has limited
the applicability of the geophysical techniques only to certain areas where the

drilling rig can get in. The effect of this is that some of the drilling sites were
selected alongside roads.

*  Due to the limitations that were given for borehole placement at some of the

areas, the geophysical techniques could not be used not for siting, Therefore,
borehole placement was done on the geology.

* At 23 identified areas from the 28, borehole_ placements were done using
geophysical methods. The rest of the borehole placements were sited on
geological features such as outcrops from dolerite dykes and faults in the area.

¢ On the basis of the drilling results, three modes of groundwater occurrence in the area are
identified. These are the following;

. groundwater in sedimentary rocks. Groundwater that is held in the undisturbed
sandstone and shale. These constitute poor to moderate aquifers for handpump
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installations that support low yielding (< 1 Is) boreholes. Boreholes 1.Z27

(B303347), LS19b (B303342), LQ17c (B303331) and LX24b (B303330)
penetrate such aquifers.

Groundwater that occurs in subvertical contact zones between the sediments and
the dolerite dykes that intrude them. These constitute moderate to good
aquifers. Boreholes LC3 (B303328), LB2 (B303327), LE5(B303345), LK1
(B303335) BG3 penetrate such aquifers.

Groundwater that occurs within harder, fractured and jointed sediments that owe
these properties to moderate alteration by nearby dolerite intrusions or faults.
These constitute good aquifers. Borehole LIob (B303334) penetrates such an
aquifer.

¢ The water table in the area is limited to joints, fissures and other permeable zones, It is
reasonable to assume that the aquifers in the Ecca Group are of a semi-confined to confined
nature. This is supported by the observation that the static groundwater level in all the
boreholes that were drilled is shallower than the first water strike. Further, the existence of
artesian boreholes (B303340 and B303345) in the area also supports this assumption.

® If some of the high yielding boreholes are going to be equipped with a motorised unit in the
future, it is recommended at least a 24 h constant discharge test must be carried out to
determine the optimal operation properties under the specific geohydrological conditions.

® Based on the hydrochemical results and the interpretation from the boxplots and Piper
diagrams the following conclusions are made:

The obvious difference in the boxplots is the variation in the concentrations of

sodium, magnesium, chloride, fluoride and nitrate values and the parameter
values of pH and EC.

A close investigation of the constituent values in the boxplots indicates that a
variety of water types are present.

The boxplot of the pH parameter indicates that all the samples fall within the
maximum recommended guideline range.

The boxplots of the EC parameter, the sodium and chloride constituents indicate
that samples LK2 (B303336) and LZ27b (B303347) exceed the maximum
recommended guideline value.

The magnesium, sulphate, nitrate and fluoride boxplots indicate that all the latest
sample values fall within the maximum guideline value, There is some concern in
the standard deviation of the fluoride constituent of sample LQ17c (B303331).
The first sample (drilling phase) plotted above the maximum recommended
guideline value, while the second sample (pumptest phase) plots below the
acceptable value.

Boreholes LW23b (B303343), LS19b (B303342), LHS (B303340), LY25b
(B303338), LC3 (B303328) and LX24b (B303330) are classified from recent
water origin.

Boreholes LI9b (B303334), LI10 (B303350), LG7 (B303349), LES (B303345),
LD4 (B303344), LR18 (B303354), LB2 (B303327) and LQ17¢ (B303331) are
classified as from dynamic water origin.
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*  Boreholes LK2 (B303336), LK1 (B303335) and LZ27b-(B303347) are classified
as from old water origin.

¢ The following boreholes fall in the Class 3 guideline value and can thus not be equipped,
namely

e LK2 (B303336). High NaCl content (Na= 1121 mg/l & Cl= 627 mg.l).

*  LZ27b (B303347). High NaCl content (Na = 1121 mg/l & Cl = 627 mg]).

On the Piper diagram, both these samples plot in the NaCl and Na;SO; category (old
water enriched in Na" and CI'). The high sodium and chloride content holds the danger
of death in infants due to salt overload. Therefore, without the suitable treatment

(desalination - reverse osmosis) of the borehole water, the water is not fit for human
consumption.

¢ Water samples should at {east be taken twice a year and analysed to determine their fitness.

The successfil boreholes will be equipped with handpumps therefore, its discharge is
directly proportional to the speed at which their handles are turned. The abstraction rates for
all the boreholes will be more or less the same depending the depth of pump intake
installation.

The performance of a typical handpump that can be obtained by the average person is
approximately between 0.1 - 02 Us. Its unfikely that overpumping will occur with
handpump instailations.

The exploitation potential of groundwater depends not only on the given borehole
prospects, but also on storage, recharge and quality of groundwater.
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APPENDIX A

Theoretical background for the geophysical methods
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INTRODUCTION

The purpose of this section is not to provide a comprehensive description of the physical
principles by which the various methods operate, but only to provide an introduction for a
better understanding of the resolution limits of the different techniques.

GEOPHYSICAL METHODS

2.1.

2.2,

THE MAGNETIC METHOD

The normal magnetic field of the earth can be visualised as if a bar magnet is placed at
the centre of the earth. Any changes in this "normal" magnetic field superimposed by
dykes, for example, can be measured by a magnetometer. These measurements
(changes) can then, through the process of modelling, be interpreted in terms of the
dip, strike, depth and width of the body that causes the anomaly. Since these
geological magnetic features might well be remnant (i.e. "permanently") magnetised, a
feature which is normally not known to the modeller, no unique solution of the model
exists. By making certain reasonable assumptions about the geology, restrictions can
be placed on some of the geological features of the body. The magnetic method is an
extremely useful method to map the presence of dykes which are, in the present case,
good groundwater exploration targets.

DIRECT CURRENT (DC) METHOD

The configuration used during this study was the Schiumberger method for vertical
electrical soundings (VES) by which changes in resistivity and layer thickness can be
detected. From Archies Law the porosity of a rock matrix is nversely proportional to
the formation factor (p; /ps),

This means that for an aquifer with "constant" p,, which is common for certain rock
types, the resistivity of the rock material can be related to the porosity thereof This
method lends itself to the quantification of the geohydrological characteristics of the
aquifer. It is therefore important to carry out soundings at boreholes for calibration
purposes to define the reason why some of the boreholes can be regarded as high
yielding and others not.

Fig. Al is a representation of how a Schiumberger sounding is normally carried out.
By increasing the current electrode spacing (AB), symmetrically around the centre
point (0), an increase in exploration depth is achieved. A potential difference between
electrodes M and N (AV) is measured and these results can then be substituted in to
the formula

= K— 1
P, -

to calculate the apparent resistivity of the underlying rock material for the AB and MN
distances used.
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The apparent resistivity (p,) is plotted on a double logarithmic  scale
(62.5 mm/logcycle) by which it is possible to visualise the changes of p, with depth.

As with all geophysical methods no unique solution of layer resistivities and thickness is
possible. The deeper and thinner the layers become the less possible it is to detect
them. The only parameters which can be determined uniquely are the so called Dar
Zarrouk parameters, namely:; '

longitudinal conductance, §=— and

transverse resistance T, =h;0. which

are functions of both layer thickness (b)) and resistivity (p;). This non-unigue problem
as referred to in geophysics is called the "problem of equivalence".

Knowledge about geology must be used to limit the number of possible models which
will result in a equally good fit between the field data and the theoretical data.

2.3. ELECTROMAGNETIC (EM) INDUCTION METHOD

The Geonics EM34-3 is a moving source/moving receiver electromagnetic system.
The system is designed to operate at small induction numbers and measures the ration

of the quadrature component of the secondary magnetic field to the free space primary
magnetic field.

Transmitter and receiver coils can be held in a horizontal or vertical coplanar
configuration. The intercoil spacing can be 10, 20 or 40 m and the system operates at
fixed frequencies of 6400, 1600 and 400 Hz, respectively for each coil separation. The
intercoil spacing is measured electronically and the receiver operator reads a meter to
accurately set the coils to the correct spacing. The receiver of the EM34-3 is calibrated
to indicate the apparent conductivity (1 to 300 mS/m). At low values of terrain
conductivity the (less than 100 mS/m) the apparent conductivity is linearly proportional
to the actual conductivity. This is however not true at high values of terrain
conductivity.

According to Mc Neil (1980) the following depth's of investigation is possible:

"For resistive terrains the effective depths of exploration over a homogeneous or
horizontally stratified earth for the coil separations 10, 20 and 40 m are: | 5, 30 and
60 m (horizontal coils), respectively.”

Limitations of the EM34-3 system are:

. At low values of terrain conductivity it becomes difficult to magnetically
induce sufficient current in the ground to produce a detectable magnetic field at
the receiver coil.

. At high levels of conductivity (> 100 mS/m) the quadrature component of the

received magnetic fleld is no longer linearly proportional to terrain
conductivity.
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. The maximum coil separation of 40 m limits the exploration depth to a
maximum of 60 m for certan geological environments.

Advantages of the EM34-3 system are:
. Easy and rapid measurements.

* The lateral extent of the volume of earth whose conductivity is sensed by the
inductive technique 1s approximately the same as the vertical depth. Small
changes in conductivity, for example of the order of 5 or 10 percent, are easily
and accurately measured.

. Simple multi-layered earth calculations is possible. An interpretation program
for layered earth interpretations exists (program EMIX34 from Interprex
Limited).

As with the DC method this method also detects changes in
resistivity/conductivity of rock material. A few differences between the two
techniques are highlighted below:

. the depth of exploration is a function of frequency and not AB distance;
. the EM method is more sensitive to changes in the conductivity of the material,

whilst the DC method is more sensitive to the changes in the resistivity of the
material.

3. REFERENCES

McNet, JD,,(1980). Electromagnetic terrain conductivity measurements at low induction
numbers. Geonics Ltd., Toronto, TN7
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APPENDIX B

Electromagnetic and magnetic profiles
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APPENDIX C

Geological and Geohydrological profiles

GHT OFS Report No RVN38/05/92 GEOHYDROLOGICAL SERVICES INK WAZULU/NATAL - LADYSMITH DISTRICT
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* HydroBase * SITE REP CRT = DATE : 21 July 1996
Generated for : Geo~Hydro Technologies Page 2

Site ID: 28298000023

Number on map: LD4

91.00 97,00

97.00 99.00

99.00 101.00

101.00 128.00

128.00 137.00

Geohydro logy

36.00 38.00

60.00 62.00

6.00

2.00

2.00

27.00

9.00

2.00

2.00

FAULT : coarse and fipe grained; dark grey;
gritty; fractured. SAME MATERIAL AS ABOVE.
SHALE : ECCA fine grained; black;
interlaminated; carbonaceous.

FAULT : coarse and fine gratned; dark grey;
gritiy; fractured. SAME MATERIAL AS B0-83M
(DOLRT,QRTZT,CB SHLE} IN SAMPLES.
SANDSTONE : ECCA coarse grained; white;
micaceous; hard.

SANDSTONE AND SHALE : ECCA medium and fine
grained; dark grey; laminated; fractured.

0.22 L/sec measured by volumetric measurement
(container + stop-watch method).
0.71 L/sec measured by volumetric measurement
(container + stop-watch method).
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* HydroBase * S I TE R EPQORT ~* DATE : 21 July 19986
Generated for - Geo-Hydro Technologies Page 1

Site name : EMNAMBITHI - Uitvligt
Notes : Dry borehole. Stone plugged.

Site ID: 2829AC00003 Number on map: LO15A
Longitude ¢ 30.12889 Latitude i 28.47222
Ground Elevation: 0.00 mams[ Collar Height: 0,00 m
Depth of Casing: 0.00 n Diameter of Hole: 165 mm
Logged by: Date Drilled: 19960202

Depth {m) Thickness
from to (m) Description

Geology

0.00 10.00 10.00 CLAY AND SAND : fine to medium grained;
brownish orange; sandy; clayey.
10.00 16.00 6.00 SANDSTONE - ECCA Tine to medium grained:
orange; hard.
16.00 21.00 5.00 SANDSTONE : ECCA fine to medium grained; light
grey; fresh; hard.
21.00 48.00 27.00 SANDSTONE : ECCA fine to medium grained; dark
grey; micaceous; carbonaceous.
48.00 64.00 16.00 SANDSTONE : ECCA medium grained; Light grey;
hard; fresh.
64.00 116.00 52.00 SANDSTONE : ECCA medium grained; dark grey;
fresh; hard.
116.00 121.00 5.00 SANDSTONE - ECCA medium grained; white; fresh;
hard.

Geohydrology

{ no information. )
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* HydroBase * S ITE REPQRT * DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Site name : EMNAMBITHI - Uitvligt
Notes : Dry borehole. Stone plugged.

Site ID: 2829AC00004 Number on map: LO15B
Longitude T 30.12835 Latitude i 28.47167
Ground Elevation: 0.00 mams L Collar Height: 0.00 m
Depth of Tasing: 0.00 m Diameter of Hole: 165 mm
Logged by: Date Drilled: 19960202

Depth (m) Thickness
from to (m) Description

Geology

0.00 B.00 8.00 CLAY AND SAND : ECCA fine grained; yellow;

weathered; clayey.

8.00 20.00 12.00 SANDSTONE : ECCA medium grained; white;
micaceous; hard.

20.00 80.00 60.00 SANDSTONE : ECCA medium grained; dark grey;
micaceous; hard.

80.00 84.00 4.00 SHALE : ECCA fine to medium grained; black;
micaceous; carbonacecus.

84.00 149.00 65.00 DOLERITE : 40KDRL medium crystalline; blue;
solid; fresh.

Geohydro logy

{ no information. )
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* HydroBase * SITE REPORT * DATE : 21 July 1996

Generated for : Geo-Hydro Technologies Page

Site name : EMNAMBITHI - Esikoko

1

Notes :

Site ID: 2829AC00005 Number on map: LX24B
Longitude :  30.18113 Latitude :  28.49667
Ground Elevation: 0.00 mams Collar Height: 0.42 m
Depth of Casing: 17.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960214

Depth (m} Thickness
frem to {m} Description

Geology

0.00 13.00 13.00 SANDSTONE : ECCA medium and fine grained;
greyish yellow; clayey; weathered.

13.00 18.00 5.00 SANDSTOME AND SHALE : ECCA medium and fine
grained; dark grey; weathered; fractured.

18.00 41.00 23.00 SANDSTONE AND SHALE - ECCA medium and fine
grained; light grey; micaceous; fractured.

41.00 105.00 64.00 DOLERITE : 40KDRL medium to coarse
crystalline; blue; broken; fractured.

Gechydrology

21.00 22.00 1.00 0.16 L/sec measured by volumetric measurement
{container + stop-watch methed).

80.00 81.00 1.00 0.22 L/sec measured by volumetric measurement
{container + stop-watch method).
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v *HydroBase * S I TE REPORT * DATE : 21 July 1996
Generated for : Geo~Hydro Technologies Page 1

Site name : EMNAMBITHI - Wembley
Notes : Dry borehole. Stone plugged.

Site ID: 2829AC00006

Longitude
Ground Elevation:

Depth of Casing: 0.

Logged by:

Number on map: LQ17A
30.01890 Latitude ¢ 28.55361
0.00 mams L Collar Height: 0.00 m
00 m Diameter of Hole: 165 mm
Date Drilled: 19960225

Depth (m) Thickness

from te (m)

Geology

0.00 2.00 2.00

2.00 12.00 10.00

12.00 21.00 9.00

21.00 78.00 57.00

78.00 102.00 24,00

102.00 121.00 19%.00

Geohydro logy

{ no information. )

CLAY : very fine grained; yellow; soft:
clayey.

SANDSTONE AND SHALE : ECCA medium and fine
grained; greyish yellow; fractured; weathered.
SHALE : ECCA fine grained: grey;
interlaminated; fractured.

DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

SANDSTONE AND SHALE : ECCA medium and fine
grained; grey; fractured.

DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.
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* HydroBase * SITE REPORT

Ezonamomzxamco

DATE : 21 July 1996

*

Generated for : Geo-Hydro Technologies Page 1
Site name : EMNAMBITHI - Wemb ley

Notes : Dry borehole. Stone plugged.

Site ID: 2829AC00007 Number on map: LQ17B
Longitude 30.01973 Latitude ° :  28.55277
Ground Elevation: 0.00 mams! Collar Height: 0.00 m

Depth of Casing: = 0.00 m Diameter of Hole: 165 mm

Logged by:

Date Drilled: 19950226

Depth (m) Thickness

from to (m) Description
Geology
0.00 3.00 3.00 CLAY : very fine grained: yellow; soft;
clayey.
3.00 9.00 6.00 SANDSTONE AND SHALE : ECCA medium and fine
grained; grey; fractured; laminated.
9.00 14.00 5.00 SHALE : ECCA fine grained; black;
interlaminated; carbonaceous.
14.00 21.00 7.00 SHALE : ECCA fine grained; grey;
interlaminated; fractured.
21.00 46.00 25.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.
46.00 58.00 12.00 SANDSTONE AND SHALE : ECCA medium and fine
grained; grey: interlaminated; fractured.
58.00 69.00 11.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fractured.
63.00 73.00 4.00 SANDSTONE : ECCA medium grained; white;
laminated; hard.
73.00 76.00 3.00 SHALE : ECCA fine grained; black;
interlaminated; carbonaceous.
76.00 89.00 13.00 SANDSTONE : ECCA medium grained; white;
laminated; hard.
89.00 93.00 4.00 SHALE : ECCA fine grained; black;
interlaminated; carbonacecus.
93.00 113.00 20.00 SANDSTONE : ECCA medium grained; white: solid;
hard.
113.00 151.00 38.00 SANDSTONE AND SHALE : ECCA medium and fine
grained; grey; laminated; fractured.
Gechydrology

{ no information. )
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* HydroBase * S ITE REPORT * DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Site name : EMNAMBITHI - Wemb ley

Notes :

Site ID: 2829AC00008 Number on map: LQ17C
Longitude : 30.018%0 7 Latitude :  28.55333
Ground Elevation: 0.00 mams i Collar Height: 0.43 m
Depth of Casing: 20.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960227

Depth (m) Thickness
from to (m) Description

Geology

0.00 2.00 2.00 CLAY : fine grained; dark brown; soft; clayey.
2.00 7.00 5.00 DOLERITE : 40KDRL medium and fine crystalline:
orange; clayey; weathered..

7.00 11.00 4.00 SHALE : ECCA fine grained; brownish grey;
soft; weathered.

11.00 30.00 19.00 SHALE : ECCA fine grained; light grey;
micaceous; fresh.

30.00 45.00 15.00 DOLERITE - 40KDRL medium crystalline; blue;
hard; fresh.

45.00 51.00 6.00 SHALE : ECCA fine grained; dark grey;
micaceous; hard.

51.00 73.00 22.00 DOLERITE - 40KDRL, medium crystalline; blue;
hard; fresh.

73.00 150.00 77.00 SANDSTONE - ECCA medium grained; dark grey:
micaceous; hard.

Gechydrology

110.00 111.0¢ 1.00 0.13 L/sec measured by volumetric measurement
(container + stop-watch method) .
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* HydroBase * SITE REPORT = DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Site name : EMNAMBITHI - Baldaskraal

Notes :

Site ID: 2829BC00001 Number on map: LB2
Longitude S 1 29.71528 Latitude i 28.29861
Ground Elevation: 0.00 mams! Collar Height: 0.45 m
Depth of Casing: 12.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960301

Depth (m) Thickness
from to (m) Description

Geology

0.00 6.00 6.00 CLAY : fine grained; dark brown; soft; clayey.
6.00 42.00 36.00 SHALE : ECCA fine grained; black;
interlaminated; carbonaceous.
42.00 44.00 2.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fractured.
44.00 86.00 42.00 SHALE : ECCA fine to medium grained; black;
interiaminated; carbonaceous.
86.00 89.00 3.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.
85.00 94.00 5,00 SHALE : ECCA fine to medium grained; dark
grey; hard; solid.
94.00 120.00 26.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

Geohydro logy

46.00 47.00' 1.00 0.16 L/sec measured by volumetric measurement
(container + stop-watch method).

80.00 81.00 1.00 0.22 L/sec measured by volumetric measurement
(container + stop-watch method) .
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* MydroBase * S ITE REPORT ~» DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Soazxsaax IW=cm=m== m=u e ]

Site name : EMNAMBITHI - Watersmeet

Notes :

Site ID: 2829BCO0002 Number on map: LC3
Longitude I 29.71555 Latitude 3 28.39806
Ground Eleavation: 0.00 mams! Collar Height: 0.42 m
Depth of Casing: 16.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960130

Depth (m) Thickness
from to {m) Description

Geology

0.00 9.00 9.00 CLAY : very fine to coarse grained; yellow;
gritty; clayey.

9.00 13.00 4.00 BOULDERS AND CLAY : very coarse and very fine
grained; yellow; clayey; weathered.

13.00 65.00 52.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh,

65.00 69.00 4.00 SANDSTOME : ECCA fine to medium grained; light
grey; baked; hard.

69.00 B8I.00 12.00 SANDSTONE : ECCA medium grained; white;
micaceous; hard.

Geohydrelogy

64.00 65.00 1.00 0.56 L/sec measured by volumetric measurement
{container + stop-watch method).
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* HydroBase * S I TE REPQRT * - DATE : 21 July 1996
Generated for : Geeo-Hydro Technologies Page 1

o=aa ====

Site name : EMNAMBITHI - St Chads

Notes :

Site ID: 28298000020 Number on map: LR18
Longitude i 29.89334 . Latitude T 28.57638
Ground Elevation: .00 mamsl Collar Height: 0.42 m

Depth of Casing: 6.00m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960305

Dapth (m) Thickness
from +to (m) Description

Geology

0.0¢  2.00 2.00 CLAY : fine grained; reddish brown; soft;
clayey.

2.00 30.00 28.00 DOLERITE : 40KDRL medium erystalline; blue;
hard; fresh.

30.00 39.00 9.00 SANDSTONE : ECCA fine to medium grained; Llight
grey; hard; fresh.

39.00 60.00 21.00 DOLERITE : 40KDRL fine to medium crystalline;
blue; hard; fresh.

60.00 72.00 12.00 SANDSTONE : ECCA fine to medium grained; Llight
grey; hard; fresh.

72.00 138.00 66.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh,

Geohydrology

101.00 102.00 1.00 0.01 L/sec measured by volumetric measurement
i (container + stop-watch method).
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* HydroBase * SITE REPORT =* DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Site name : DRIEFONTEIN - Gcabane
Notes : Dry borehole. Stone plugged.

Site ID: 2829BD00024 Number on map: LZ27A
Longitude 1 29.75000 Latitude T 28.39027
Ground Elevation; 0.00 mamsl Collar Height: 0.00 m
Depth of Casing: 0.00m Diameter of Hole: 165 nm
Logged by: Date Orilled: 19960227

Depth (m) Thickness
from to (m) Description

Geology

0.00 6.00 6.00 CLAY : fine grained; brown; soft; clayey.
6.00 9,00 3.00 DOLERITE : 4OKDRL finé to medium crystalline;
orange; clayey; weathered.

9.00 19.00 10.00 SANDSTONE : ECCA medium and fine grained;
yellow; clayey: weathered.
19.00 28.00 9.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.
28.00 31.00 3.00 SANDSTONE : ECCA medium grained; light grey;
micaceous; fresh.
31.00 49.00 1B.00 SHALE : ECCA fine grained; black; micaceous:
carbonaceous.
49.00 101.00 52.00 SANDSTONE : ECCA fine to medium grained; light
grey; hard; fresh.
101.00 150.00 49.00 DOLERITE : 40KDRL fine to medium crystalline;
blue; hard; fresh.

Gechydro logy

( no information. )
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* HydroBase * S ITE REPOQRT + DATE : 21 July 19396
Generated for : Geo-Hydra Technologies Page 1

Site name : DRIEFONTEIN - Gcabane

Notes :

Site ID: 2829BD00025 Number on map: L7278
Longitude T 29.75000 Latitude @ 28.39030
Ground Elevation: 0.00 mams! Collar Height: 0.42 m
Depth of Casing: 18,00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960228

Depth. (m) Thickness
from to (m) Description

Geology

0.00 15.00 15.00 CLAY : fine grained; reddish brown; soft;
clayey.

15.00 23.00 8.00 DOLERITE : 40KDRL medium crystalline: blue;
hard; fresh.

23.00 151.00 128.00 SANDSTONE : ECCA fine to medium grained; grey;
Eard; fresh.

Geohydrology

.00 0.00 0.00 0.00 L/sec.
100.00 102.00 2.00 Q.02 L/sec measured by volumetric measurement
(container + stop-watch method).
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* HydroBase * S ITE REPOQRT = DATE : 21 July 1995
Generated for : Geo-Hydro Technologies Page 1
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Site name : DRIEFONTEIN - Riverside

Notes :

Site ID: 2829BD00026 Number on map: LE5
Longitude T 29.61861 Latitude P 28.37750
Ground Elévation: 0.00 mams | Callar Height: 0.44
Depth of Casing: 53.00 m Diameter of Hole: 165_mm
Logged by: GHT Date Orilled: 19960229

Depth (m) Thickness
from to {m)} Description

Geo logy

0.00 13.00 13.00 SHALE : ECCA medium grained; grey; soft;
weathered.

13.00 54.00 41.00 SHALE : ECCA medium grained: light grey;
micaceous; hard.

54.00 120.00 66.00 DOLERITE : 40KDRL fine to medium crystalline;
blue; hard; fresh.

Geohydrology

54.00 56.00 2.00 0.28 L/sec measured by volumetric measurement
(container + stop-watch method) .

86.00 88.00 2.00 0.45 L/sec measured by volumetric measurement
(container + stop-watch method),
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* HydroBase * S [ T E REPORT = DATE : 21 July 1998
Generated for : Geo-Hydro Technologies Page 1

= ==s= S=ao=g ====

Site name : EMNAMBITHI - Petars 2 School

Notes :

Site ID: 28298000027 Number on map: LG7
Longitude i 29.86056 Latitude :  2B.66888
Ground Elevation: 0.00 mams! Collar Height: 0.41
Depth of Casing: 12.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960304

Depth (m) Thickness
from to {m) Description.

Geology

0.00 18.00 18.00 DOLERITE : 40KDRL med{um crystalline; greyish
brown; loose; weathered,

18.00 132.00 114.00 DOLERITE : 40KDRL mediym crystalline; hlue;
hard; fresh.

Geohydrology

24.00 26.00 2.00 0.44 L/sec measured by volumetric measurement
{container + stop-watch method) .
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* HydroBase * SITE RE PORT = DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Stte name : DRIEFONTEIN - Baldaskraal 2

Notes :

Site ID: 28298D00028 Number on map: LJ10
Longitude : 29,7191 Latitude 1 28.30444
Ground Elevation: 0.00 mams! Collar Height: 0.43 m
Depth of Casing: 13.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Orilled: 19960302

Depth (m) Thickness
from to (m) . Description

Geology

0.06  4.00 4.00 CLAY : fine grained; orange; soft; clayey.

4.00 16.00 12.00 SHALE - ECCA fine grained; reddish brown;
interlaminated; soft.

16.00 44.00 28.00 SHALE : ECCA fine grained; dark grey; soft;
fresh.

44.00 46.00 2.00 DOLERITE : 40KDRL medium crystaltine; hlue;
broken; fractured.

46.00 69.00 23.00 SHALE - ECCA fine grained; light grey;
micaceous; interlaminated.

69.00 102.00 33.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

Geohydroiogy

11,00 13.00 2.00 0.05 L/sec measured by volumetric measurement
(container + stop-watch method).

49.00 51.00 2.00 0.11 L/sec measured by volumetric measurement
{container + stop-watch method).

T e e e i ey - e e o .
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* HydroBase * S I T E REPORT =« DATE : 21 July 1996
Generated for ! -Geo-Hydro Technologies Page 1

= =o3a= EEET L]

S5ite name ; EMNAMBITHI - Limehill 1

Notes :

Site ID: 2830AC00011 Number on map: LK1
Longitude : 30.24972 Latitude : 28.43638
&round Elevation: 0.00 mams| Collar Height: 0.40 n

Depth of Casing: 21.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960208

Depth (m} Thickness
from +to (m) Description

Geo logy

0.00 8.00 8.00 DOLERITE : 40KDRL coarse and very fine
crystatline; orange blue; clayey; weathered.
8.00 20.00 12.00 SHALE : ECCA fine grained; black: micaceous;
carbonaceous. ’
20.00 22.00 2,00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.
22.00 38.00 16.00 SHALE : ECCA fine grained; black; hard;
carbonaceous.
38.00 46.00 B.00 SANDSTONE : ECCA medium grained; white;
micaceous; hard.
46.00 53.00 7.00 DbLERITE * 40KDRL very fine to fine
crystalline; blue; hard: fractured.
53.00 95.00 42.00 DOLERITE : 4OKDRL medium to coarse
crystalline; blue: solid; hard.
95.00 102.00 7.00 DOLERITE : 40KDRL very fine to fine
. crystailine; blue; hard; fractured.
10200 105.00  3.00 SHALE : ECca fine grained; grey; hard;
interlaminated.
105.00 150.00 45,00 SHALE i~ECCA-fine grained: black; hard;
carbonaceous, !

Geohydro logy

54.00 60.00 6.00 0.18 L/sec measured by volumetric measurement
(container + stop-watch method).

118.00 120.00 2.00 0.50 L/sec measured by volumetric measurement
(container + stop-watch method).

T e et e A et —— e ————— - -
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SITE REPORT *» DATE : 21 July 1996
Geo-Hydro Technologies Page 1

* HydroBase *

Generated for :

E LY o

Site name : EMNAMBITHI - Limehill 2

Notes :

Site ID: 2830AC00012 Number on map: LKZ
Longitude 30.24111 Latitude T 28.43294
Ground Elevation: 0.00 mams| Collar Height: 0.42 m
Depth of Casing: 18.00 m Diameter of Hole: 165 mm

Logged by: GHT

Date Drilled: 19960208

Depth (m)} Thickness

from to
ceotow

0.00 5.00

5.00 10.00

10.00 28.00

28.00 79.00

79.00 95.00

95.00 120.00

120.00 151.00

Geohydro logy

147.00 149.00

{m} Description

5.00 SANDSTONE : ECCA medium and fine grained;
orange; clayey; weathered.

5.00 SANDSTONE : ECCA medium grained; orange; hard;
fractured. '

18.00 SANDSTONE : ECCA medium grained; grey;
micaceous; baked.

51.00 DOLERITE : 40KDRL medium crystalline: blue;
hard; fresh.

16.00 SANDSTONE : ECCA medium grained; black;
laminated; baked.

25.00 SHALE : ECCA fine grained; black; micaceous;
carbonaceous.

31.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

i
1l

2.00 0.85 L/sec measured by volumetric measurement
{container + stop—watch method).
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* HydroBase * SITE REPOQ RT =~ DATE : 21 July 1996
Generated for : Geo=Hydra Technologies Page 1

Site name : DUNDEE - Tholeni Rural
Notes : Dry borehole. $tone plugged.

Site ID: 2830AC00013 Number on map: LY25A
Longitude ¢ 30.22388 Latitude T 28.44416
Ground Elevation: 0.00 mamsl Collar Height: 0.00 m
Depth of Casing: 0.00 m Diameter of Hole: 165 mm
Logged by: Date Drilled: 19960218

Depth (m) Thickness
from to (m) i . Description

Geology

0.00 2.00 2.00 SANDSTONE : ECCA medium grained; light grey;
fractured; baked.
2.00 98.00 7.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fractured.
9.00 77.00 68.00 DOLERITE ¢ 40KDRL medium crystalline; blue;
solid; fresh.
77.00 101.00 22.00 SANDSTONE : ECCA fine to medium grained;
black; carbonaceous; baked.
101.00 107.00  6.00 SHALE : ECCA fine grained; biack; micaceous;
carbonaceous, )
107.00 119.006 12.00 SANDSTONE : ECCA fine to medium grained; dark
grey; baked; carbonaceous. '
119.00 149.00 30.00 SHALE : ECCA fine grained; black: micaceous;
carbonaceous.

Geohydro logy

( no information. )
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* HydroBase * S I T REPORT = DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

==o= = EEEET

|oe

Site name : DUNDEE - Tholeni Rural

Notes :

Site ID: 2830AC00014 Number on map: LY25B
Longitude : 30.22361 Latitude ¢ 28.44361
Ground Eievation: 0.00 mams | Collar Height: 0.44

Depth of Casing: 8.00 m Diameter of Hole: 185 mm
Logged by: GHT Date Drilled: 19960222

Depth (m) Thickness
from to (m) Description

e e .

Geology

0.00 8.00 &8.00 DOLERITE : 40KDRL fine to coarse crystalline;
bluish orange; broken; weathered.

8.00 68.00 60.00 DOLERITE : 4DKDRL medium crystalline; blue;
hard; fresh.

68.00 74.00 6.00 SANDSTONE : ECCA medium grained; light grey;
hard; frash.

74.00 92.00 18.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

92.00 150.00 58.00 SHALE : ECCA Fine grained; grey;
interlaminated; hard.

Geohydrology

42.00 43.00 1.00 0.08 L/sec measured by volumetric measurement
(container + stop-watch method) .
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* HydroBase *

SITE

REPORT =

=mam=zg

DATE : 21 July 1996

Generated for : Geo-Hydro Technologies Page 1
Site name : DUNDEE - Namakazi

Notes :

Site ID: 2830ACD0015 Number on map: LH8

Longitude T 30.21083 Latitude 1 2B.49187
Ground Elevation:- 0.00 mams | Collar Height: 0.40

Depth of Casing: 29.00 m Diameter of Hole: 165 mm

Logged by: GHT

Date Drilled: 19960718

Depth (m) Thickness

from +to (m)
Geotesy
0.00 5,00 5.00
5.00 g9.00 4.00
9.00 21.00 12.00
21.00 25.00 4.00
25.00 30.00 5.00
30.00 37.00 7.00
37.00 43.00 .00
43.00 45.00 2.00
45.00 5%.00 14.00
$9.00 97.00 33.00
Geohydrology
16.00 18.00 2,00

Description

SANDSTONE : ECCA medium and fine grained;
orange; clayey; weathered,

SANDSTONE : ECCA medium grained: white;
micaceous; hard.

SHALE : ECCA fine grained; black; micaceous;
interlaminated.

SHALE : ECCA fine grained; grey;
interlaminated; fractured.

SANDSTONE AND SHALE : ECCA medium and fine
grained; light grey; loose; fractured,
SANDSTONE : ECCA medium grained; white;
micaceous; hard.

SHALE ; ECCA fine grained; grey;
hard.

SANDSTONE : ECCA medium grained; white;
laminated; hard,

SHALE : ECCA fine grained; grey:
hard.

DOLERITE : 40KDRL medium crystalline;
hard; fresh.

micaceous;

micaceous;

blue;

1.20 L/sec measured by volumetric measurement
{container + stop-watch method).
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* HydroBase * SITE REPORT * DATE : 21 July 1996
Generated for ; Geo-Hydro Technologies Page 1

Site name : DUNDEE - Vaa lkop
Notes : Dry borehole. Stone plugged.

e —— o - -

Site ID: 2830AC00016 Number on map: LS19A
Longitude i 30.22472 latitude : 28.47166
Ground Elevation: 0.00 mams | Collar Height: 0.00 m
Depth of Casing: 0.00 m Diameter of Hole: 165 mm
Logged by: Date Drilled: 19960221

Depth (m}) Thickness
from to (m) Description

Geo logy

0.00 9.00 9.00 CLAY : fine grafned; yellow: sandy; weathered.

9.00 15.00 6.00 BOULDERS AND CLAY : 40KDRL medium grained;
brownish blue; clayey; weathered.

15.00 49.00 34.00 SHALE : ECCA fine grained; black; micaceous;
carbonaceous.

49.00 57.00 8.00 SANDSTONE : ECCA fine to medium grained; grey;
micaceous; laminated.

57.00 65.00 8.00 DOLERITE : 40KDRL medium crystalline; hlus;
hard; fresh.

65.00 69.00 4.00 SHALE : ECCA fine grained: black; micaceous;
carbonaceous.

69.00 76.00 7.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

76.00 149.00 73.00 SHALE : ECCA fine grained; black; micaceous:
carbonaceous.

Geohydrology

( no information. )
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* HydroBase * 51 T E REPOQRT = DATE : 21 July 1996
Generated for Geo-Hydro Technologies Page 1

Site name : DUNDEE - Vaalkop

Notes :

Site ID: 2830AC00017 Number on map: 15198
Longitude ! 30.22444 Latitude . 28.47250
Ground Elevation: 0.00 mamsl Collar Height: 0.40 m
Depth of Casing: 42.00 m Diameter of Hole: 165 mm
Logged by: GHT Date Drilled; 15960221

Depth (m) Thickness
from to (m) Description

0.00 4.00 4.p0 CLAY : fine grained; dark brown; soft; clayey.
4.00 12.00 8.00 SHALE : ECCA medium grained; dark grey;
micaceous; interlaminated,
12.00 37.00 25.00 SANDSTONE : ECCA medium grained; light grey;
hard; fresh.
37.00 44.00 7.00 SHALE : ECCA medium grained; dark grey;
micaceous; intertaminated.
44.00 69.00 25.00 DOLERITE : 40KDRL mediyum crystailline; hlue;
hard; fresh.
69.00 81.00 12.00 SHALE : ECCA fine grained; dark grey;
intertaminated; carbonaceous.
81.00 101.00 20.00 DOLERITE : 40KDRL fine to medium crystalline;
dark biue; hard; frash.

Geohydrology

0.00 0.00 0.00 0.00 L/sec.

16.00 18.00 2.00 0.10 L/sec measured by volumetrig measurement
(container + stop-watch method).

39.00 40.00 1.00 0.20 L/sec measured by volumetric measurement
(container + stop-watch method).
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* HydroBase * S I T E REPORT = DATE : 21 July 1996
Generated for : Geo-~Hydro Technologies ’ Page 1

Sa= = = essSEMmagno=gmo=

Site name : DUNDEE - Tholeni Town
Notes : Dry borehole. Stene plugged.

Site ID: 2830AC00018 Number on map: LW23A
Longitude : 30.21308 Latitude : 28.42805
Ground Elevation: 0.00 mams! Collar Height: 0.00 m

Depth of Casing: 0.00 n Diameter of Hole: 165 mm
Logged by: Date Drilled: 19960220

Depth (m) Thickness
from to {m) Description

Geology

0.00 5.00 5.00 SANDSTONE : ECCA medium and fipe grained;
orange; clayey; weathered.

5.00 11.00 .00 SANDSTONE : ECCA medium grained; orange;
micaceous; hard.

11.00 22.00 11.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fractired.

22.00 30.00 8.00 SANDSTONE : ECCA medium grained; grey;:
micaceous; baked.

30.00 39.00 9.00 SLATE : ECCA very fine grained; black: hard;
carhonacecus.

39.00 B9.00 50.00 SANDSTONE : ECCA medium grained; grey;
micaceous; hard.

89.00 91.00 2.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh,

91.00 95,00 4.0p SANDSTONE : ECCA medium grained; grey;
micaceous; baked.

95.00 150.00 55.00 SHALE : ECCA fine grained; black; hdfd:
carbonaceous,

Geohydrology

{ no information. )
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* HydroBase * s [ T E REPORT = DATE : 21 July 1996
Generated for : Geo~Hydro Technologies Page 1

Site name : DUNDEE - Tholeni Town

Notes :

Site ID: 2830AC00019 Number on map: Lw23s
Longitude T 30.21277 Latitude : 28.42805
Ground Elevation: 0.00 mams| Collar Height: 0.41 m
Depth of Casing: 22.00 m Diameter of Hole: 185 mm
Logged by: GHT Date Drilled: 19950221

Depth {m) Thickness
from to {m) Description

Geo logy

0.00 7.00 7.00 SANDSTONE : ECCA medium grained; orange:
clayey; wéathered.

7.00 12.00 5.00 SANDSTONE : ECCA medium grained; orange;
solid; hard.

12.00 24.00 12.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fractured.

24.00 31.00 7.00 SANDSTONE : ECCA medium grained; grey; solid;
baked.

31.00 40.00 9.00 SHALE : ECCA fine grained; black; solid;
baked.

40.00 90.00 5p.00 SANDSTONE : ECCA medium grained; grey;
micaceous; hard.

90.00 93.00 3.00 DOLERITE : 4OKDRL medium crystalline; blue:
hard; fresh.

93.00 96.00 3.00 SANDSTONE : ECCA fine to medium grained; grey;:
micaceous; haked.

96.00 150.00 54.00 SHALE : ECCA fing grained; black;
interlaminated; carbonaceous.

Gechydralogy

42.00 43.00 1.00 0.19 L/sec measured by velumetric measurement
(container + stop-watch method).
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* HydroBase » 5 1 TE REPORT = DATE : 21 July 1998
Generated for : Geo-Hydro Technologies . Page 1

Site name : DUNDEE - Dival
Notes : Dry borehole. Stone plugged.

Site ID: 2830AD00009 Number on map: LI9A
Longitude. * 30.29277 Latitude i 28.45277
Ground Elevation: 0.00 mams{ Collar Height: g.00 m
Depth of Casing: g.go m ) Diameter of Hole: 165 mm
Logged by: Date Drilled: 19960212

Depth (m) Thickness
from to (m) Description

Geology

0.00 9.00 900 SANDSTONE : ECCA fine to medium grained:
yellow; clayey; weathered.
9.00 11.90 2.00 SANDSTONE - ECCA medium grained; white;

micaceous; hard.

11.00 16.00 5.00 SANDSTONE : ECca medium grained: light grey;
micaceous; fractured.

16.00 46.00 30.00 SANDSTONE : ECCA medium and fine grained; dark
grey; laminated; carbonaceous. SANDSTONE IS
BAKED WITH FOLIATION FEATURES PRESENT CAUSED
BY HIGH MICA CONTENT.

46.00 63.00 17.00 SHALE : ECCA fine grained; black; micaceous;
carbonaceous.

63.00 65.00 2.00 SANDSTONE - ECCA medium grained; white;
micaceous; hard.

65.00 66.00 1.p00 SHALE : ECCA fine grained; black: micaceoys:
carbonaceous.

66.00 84.00 18.00 SANDSTONE : ECCA medium grained; wﬁite:
micaceous; hard,

84.00 90.00 6.00 SHALE : ECCA fine grained: black; micaceous;
carbonaceous.

S0.00 98.00 8.00 SANDSTONE : EccA medium and fine grained; dark
grey; carbonaceous; micaceous.

98.00 126.00 28,00 SANDSTONE : ECCA medium grained; greyish
white; micaceous; hard.

Geohydro logy

{ no information. )
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* HydroBase * g ITE

REPORT =

= Se=mzamencgo

DATE : 21 July 1998

Generated for - Geo-~Hydro Techﬁologies Page 1
Site name : DUNDEE - Dival
Notes :
Site Ip: 2830AD0C010 Number on map: LI9B
Longitude : 30.29388 Latitude : 28.45222
Ground Elevation: 0.00 mams! Collar Height: 0.44 m
Depth of Casing: 12.00 n Diameter of Hole: 165 mm
Logged by: GHT Date Drilled: 19960207
Depth (m) Thickness
from to {m)} Description
Geology
0.00 8.00 8.00 SANDSTONE : ECCA medium grained; vellow;
loose; weathered,
8.00 22.00 14.00 SANDSTONE : Ecca medium grained; white;
micaceous; hard.
22.00 60.00 38.00 SHALE : ECCA fine grained; black; micaceous;
carbonaceoys.
60.00 80.00 20.00 SANDSTONE : ECCA medium grained; white:
micaceous; hard.
80.00 85.00 5.00 SHALE : Ecca fine grained; grey; micaceous;
hard. '
85.00 85.00 1.00 SANDSTONE : ECCA medium grained; white;
micaceous; hard. ‘
86.00 96,00 10.00 SHALE : ECCA fine grained; grey; micaceous;
hard, i
96.00 99.90 3.00 SANDSTONE : ECCA medium grained; white;
micaceous; hard,
895.00 101.00 Z.00 SHALE : Ecca fine grained; black; micaceous;
carbonaceous.
101.00 117.00 16.00 SANDSTONE - ECCA medium grained; white;
micaceous; hard,
117.00 120.00 3.9¢ SANDSTONE AND SHALE - ECCA medium and fine
grained; grey; hard; fractured.
Geohydrology
38.00 40.00 2z.0p 0.07 L/sec measured by volumetric measurement
{container + stop-watch method).
80.00 82.00 2.po 2.22 L/sec measured by volumetpic measurement
{container + stop-wateh method).
96.60 98.00 2.00 4,16 L/sec measyred by volumeiric measurement
(container + stop-watch method).




LT~

”wznmum:annmu _uu#mc_”sm?_wu:._ —

ALY pauresh @npaw o3 gy Y133 ‘areys "001-

U584}
PR AN AU [e) sk UNIRAN WOY0r ca3tdareq

'1J0s 21EUINe] fa7UT
4346 yaep ‘pavredt aury ¥213 areyg

ysad)
‘PEY anrg ‘BUT[[e35AdT unrpen HEXOR :ajrdefop

KIEE NN
Py Radh B[ paured UNER3N Y03 [9u0ispupg

3

x
)
o o i e

Sady
‘Bley lenrg BUT[Te}5haD IRIpak N0y 331Jatog

3 3 S
W s o XN

o AL
i‘xxxxnkx:(xxuxxx

L
™

‘padayieas UBYDIG 'wangg USTA34E fanri7egsila
264802 £u3n 03 3gyp0d THOMP 831da7op

o

Nl _ T
to2 !
ABoroag [sue w [uu] 935007 {1y ajed " ujauey
[|||||I|||| ||||||||||r,.|,||

9667 90 AeW :pa3jo7y ajeg (UOTJeARLa puno.s) - =23euTpUCa)

(]

. setborouyasy QUpAH-Dan ; Udedgoup

Ho%
VET11 : dey uo ay FEO0O0YI0ERZ @ OI-811g
—e ~— TeIUDY¥O0ERE ' pI-




asaso=a r = S ESSzomascsscoogenoe To=a=a

* HydroBase * S I TE REPORT = DATE : 21 July 1996
Generated for : Geo-Hydro Technologies Page 1

Site name : EMNAMBITHT ~ Greylock
Notes : Dry Borehole. Stone plugged.

Site ID: 2830CA00021 Number on map: LLI12A
Longitude : 30.08915 Latitude i 28.57833
Ground Elevation: 0.00 mams ! Collar Height: 0.00 m

Depth of Casing: 0.00 n Diameter of Holes 165 mm
Logged by: Date Drilled: 19360303

Depth (m) Thickpess
from to (m) Description

0.00 5.00 5.00 DOLERITE : 40KDRL coarse to very coarse

crystaliine; greyish brown; broken; weathered.
5.00 33.00 28.00 DOLERITE : 40KDRL medium crystalline; blue;

hard; fresh.

33.00 41.00 8.00 SANDSTONE : ECCA medium grained: light grey;
hard; fresh.

41.00 55.00 14.00 DOLERITE : 40KDRL medium crystalline; blye;
hard; fresh.

55.00 59.00 4.0p SHALE : ECCA fine grained; dark grey:
interlaminated; soft.

59.00 72.00 13.00 DOLERITE : 40KDRL medium crystalline; blue;
hard; fresh.

72.00 127,00 55.00 SHALE : ECCA fine te medium grained; black;
interlaminated; carbonacecus.

Geohydrology

( no information. )
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* HydroBase * § [ T E REPORT = DATE : 21 July 1996
Generated for : Geo-Hydro Technologies ) Page 1

Site name : EMNAMBITHI - Greylock
Notes : Dry horehole. Stone plugged.

Site ID: 2830CcA00022 Number on map: 11128
Longitude : 30.08776 Latitude -1 2B.58B027
Ground Elevation: 0.00 mams| Collar Height: 0.00 n
Depth of Casing: 0.00 Diameter of Hole: 165 mm

Logged hy: Date Drilled: 19960304

Gepth (m} Thicknpess
from to {m) Description

Geology

0.00 2.00 2.p00 DOLERITE : 40KDRL medium to coarse
erystalline; bluish brown; broken: weathered,

2.00 33.00 31.0p DOLERITE : 40KDRL fine to medium crystalline;
blue; hard; fresh.

33.00 41.00 8.00 DOLERITE : 40KDRL medium crystalline; biue:
hard; fractured.

41.00 50.00 9.00 SANDSTONE : ECCA medium grained; light grey;
hard; fractured.

50.00 58.00 a.00 SANDSTONE : ECCA medium grained; light grey;
hard; fresh.

58.00 121.00 63.00 SHALE : ECCA medium grained; black;
interlaminated; carbonaceous.

Geohydro logy

{ no information. )




APPENDIX D

Pump Test Graphs

GHT OFS Report No B VN38/05/92 GEOHYDROLOGICAL SERVICES IN § WAZULU/NATAL - LADYSMITH DISTRI
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APPENDIX E

Management Recommendations and Water Quality

Reports

GHT OFS' Report No RVN385/92  GEOH YDROLOGICAL SERVICES IN KWAZULU/NATAL




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %

R A s £ ffGéliE'fﬂflﬂfqmﬂéhl__' i s AR L : i
Project Number GHgsYWHD Borehale Nurmbsr. L B2
Region KwaZuluNatal Kwazmu.famatamumber B303327
District Ladysmith ____ GHT SitedD 26208C00001
Map Referonce 2829BC Site New production borehole
£ Coordinate 28° 17' 557 Ward: Emnambith;
E Coordinate 26° 42" 55" - Sub-Wapr: Baldaskraal 1 =

S Borshole Detalls =i s ~.T.:Zb'fa&rfﬂﬁalftjr_"Evaluaﬂﬂﬂ 255 i
Date Drilled . 01-Mar-58 Sample Date:  01-Mar-95 06-Mar-94
Deﬁm’oﬁﬁorehe{&fmi 120 - pH 885 937 b
Borehole Diameter (mm) 254 (12m) ; 185 (12-120m) Electrical Conductivity. (m$im P 52 66
Casing Length fm) 12 Type: Steel Ammonia NH, as 8 (mgly 0219 0.71
Casing:Height {rm) 0.28 Calciura Ta {mgil) 2 3

Depti of Water Strike {mn) 80 Chloride Clfmgay. 7 10
Kirﬁﬁ"ﬁeld{lfs) 0.23 Flroride £ mgfly 109 255 b
Aguifer Type Fractured Dolerite Magnssimn&ﬁlg.-(mgﬁ);? 1 1
‘Gmund%ater-twef(mbgﬂ_ 4 Nitrate NG, asBimgily o002 0.29
Water above Fractﬂre"{m_j_' 76 "Phosphate P {mg/l: 0.100< 0.100<
- Existing Equipment Potassium & fmgf). 1 5.1
Pump Type . Nohe Silicon-Si{mg/): 6.4 3.3
Pump Yield-{ifs) At Head {rj Sodium Na{mgity 122 162 b
Depth -of Pump. Inlet:im} Sulphaie S0, tmgity 1 10
Tast Pump Total Alkalinity as. CaCOzimgM: 275 3390
Pump Type Submersible _ Tota!’Bissolved"sm;“as{mgﬂ)ig 444 573
Pump Yield {ts) 2 Atl-!ead{mj 50 Total Hardness 28 CaC0, (mg/l) 5 7
‘Depth of Pumplnletfm) 80 Langefierindex: 0,12 0.89
ﬁvaﬂahierdewnafmj 76 lon-balance error %), 239 -0.13
Contracter Borehole Senices CLASS: 1 l 2
Date Tested 06-Mar-06 Water Usage Domestic Household

3= Excends max acceptablo value &= Belaw min guideline vajue
b= Emmds--max‘guidelme«\ratue d-=‘~—Belbw-min--ancep‘tab!e--vama

- : - o ooclowdetection it eSRE =N
i Horehole Pump Tests Resufte e e
| Dischay eRate | Duration 1 ‘aterievel Drawdown + Recoye Y

Step-Brawdown Test ;
Step 1
Etep 2

Aquifer vield: lfs Hydrautie-Parameters T(m?ida_y} a 02 - T
e e T _Recommendation” =
Besign Yiald 015 g Totai:‘pumpings?ﬁne-over24*:h.a 8 :h Totat abstraction per day' 432 i

- 054 mm Total recovery time over2ah. 16 4 Modeled:drawdown, 12,14 ‘m
Depth of Pump-injet 80 m Type of gump Cemo HDP gM

Comments The water qualities from both the grif and pumptest samples are good. The chemical results from the drii and pump




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %f

SRS SN e CenaTal Information S ek
ijectzmmnbgr: GHI5WHD Borshole Numbar | C3
Reglon: KwaZuly/Natat KwaZuju! Natal Number B3 03328

District; L_.adysm_ith GHT Site: i 2820BC00002

Map Reference 282980 Site: New production borehola
3-Goordinate: 28° 23' 53 Ward: Emnambithj
E Gaordinate 29° 42 56 Sub-Ward Watersmeet _ o =
" Borehole Détails "~ L Water Quility Evaluation = i
Date Drifled 06-Feb-96 Sample Date:  06-Feb.96
Depth-of Barehole {m) _ 81 pH: 729 '
Borehole Diameter fmm) 205 (16m} ; 165 (16-81m) Electrical Canductivity (m&/m ) -
Casing. Length {m)} 18 Type ~ Stesl Ammonia-:-NH.,.asj-N Mg 006
Z’-‘--asingasﬂeigﬁt{m) 0.3 Calelum-Ca.fmg/ 20 '
Depth-of Water Strike fm) 65 Chiaride C (mg/t) 18 |
Aitlift Yield: (lfs) 0.56 Fluoride-F {mgiy 0.1
Aquifer Type Dolerite/Sandstone Magnesium Mg. gty 10 |
Ground-Water Level{mbglt 23 NitrateNO; asNfmgay 233
Watn_er a_boge Frggm.reftm)” €622 Phosphate P fmyA): 0.100<
.. Existing Equipment Fotassium K fmg/j 32
Pump Type None Siﬁcou-—si:fmgm;; 10.6
Pump Yield {ijs) _ AtHead mj s'odium:-:ﬁa»(mgmi; 11
Depth-of Pump inlet:{m) - Sulphate SO, fmgl). 1
Teast Pump To'tal;Mkaﬁnity as €aCO; fmgiy 75
Pump Type . Submersible Total Dissolved Solids mg#ly. 149
Pump Yield:(ifs) 2 AtHead(m) 50 Totat Hardness-as Catio, {ngdy  5p
Dep&ofﬁPumpainlet-(m) 60 Langelierfndex. .0.a90
Avaitable-Drawdown fin) 57.2 . lan--bajaneg-error{%}: 3.93
Gontractor Borehole Services CLASS: 1
Date Tested 07-Feb-96 Water Usage  Domestic Household
& =Exceods max acceptable value o= Below min guideline vajue
b= Excoads maxguidelinevalue d= Below min aceeptible vajue
‘ __ <=Belbw detection fimit
| DischargeRate | Duration i
Step-Deawdown Test .~ (iig) T f (min}
Step 1 ‘
Step-2 l
Step 3

ant discharge test, the waterlevel drawdown was approaching equilibrium conditions. Itis
therefore, save to make the assumpfion that this borehole has a sustainable yield for hahdpump instatiation,

Aquifer vield Vs Hydraulic Parameters T (m*1day} = R S

L e A ' Recommendation AR s
Besign Yield. 03 g Fotal pumping time over24h: 9 h 'Fota!--a“bstracﬁon.per day 972 :m'

- . 1.08 ‘m¥h Total recovery time over 24h 15 n . Modeled drawdown: 23 m
Depth-of Pump intet 60 m Type of pump. Cemo HDP om

Comments The borehole has 2 sustamable yield for handpump inétallaﬁoh. Although oniy the chemical results of the water sample

during the drilling phase is available, the borehole water can be regarded as fit for human consumption on & lifetime
basis and can be equippad immediataly.




MANAGEMENT

Project Number: GHISWHD
Region KwaZulu/Nata}
Di_strk‘:ti Ladysemith

M;psﬁéferét‘iée: 2830;{0 '

& Coordinate; 26° 29’ 48"

F Goordinate 30° 10' 52
Barahale Details

RECOMMENDATIONS AND WATER QUALITY %f

Generaf Information = S
Borshole Number- |_X24

KveaZujuNatal-Number 8303330

| OHT Site I’ 283700005

Site; New production borehole
Ward: Emnambithi

_ SubWard Eskoko e

: Water Quality EValuation

Aquifer ield: Vs

Design Yield 01 s
0.36 -m¥h

Depth-of Pump dniet 80 m

‘ 14-Feb-96 Sample Date: 14-Feb-96 | 17-Feb-0§
Bepth-of Borehole-{my) 97 pH 868 8.28
Borehole Biameter fmmj 21504 7my; 165 (17-97m) Electrical Conductivity mSim} 80 b 86 b
Gasing-Length. {rm) 17 Ammonia-NHyas N-gmg) 0335 0.013
Casing-Hefght {m) 0.3 Caleium-Ca{mgh): 24 79
Depth-of Water Strike (m} 80 Chiaride-CHmg/l). 41 34
Rirlife Yield fifs) 02 Eﬁaloride::F-'-{mg!l)i 108 b 122 b
Aquifer Type : Fractured Dolerite Magnesium My tmghty: 35 58
iﬁmundﬁw‘aterhevei-tmbgﬂ 1.4 Nitrate NO, asN-{mg/ly 328 2.83
Water aﬁ:pvg-}--:Frach:regm)‘ 78.6 Phosphate P {mg/y, <0.100 <0.100
Fed (b Existing Equipment Potassium:K {mg) 47 5.4
Fumnp Type None Silicon-Si{mgA): 7.9 19
Pump Yield (i/s) At Head {mj Sodivm-Nafmghy 78 35
Depth of Pump Inlet {ny ' Sulphate SO,{mg/l) 56 51
Test Pump Total:Atalinity as CaCQ; (mgly 299 376
Pump Fype Submersible ‘Fouﬂ?-Dfissolved‘-soﬁds:{mgllii; 634 694
Puinp Yield {i’s) 14 - AtHead{m) 50 TotaiHardness as-CaCO, (mghy 80 197
Bepth of Pump Inlet {m) 60 Langefierindex:  1.05 1.36
Available Brawdown {my) 58.6 lon-balanca error (%), 046 282
Coniractor Borehole Services CLASS. 1 1
Date Tested 17-Feb-06 Water Usage  Domestic Househald
- a=Exceeds max acceptablevalue  c-=Beiow min-guideline vaiue
b= Exceeds max guideline valye o = Below min accaptable value,
i < = Balow detection-limit
- -~ Borehole Pump TestrResults ™7 7 0
Bischarge Rate Buration '
Step-Rrawdown Test | (iig) “pn'idayy {min) r _ i %
e % . xay) Gt ;
Step:2 (
57.97 57.97 - 989
- - 30.89 r 53.3

CoMments  The waterievel drawdown reached pump-intake aft
Although the waterlevel drawdown reached pump-intake, meaningful interpretations from the data c¢an still be made.
.For handpump installation the borehole has a sustainable yield,

Hydraulle Parameters Timiday}= 01 S=
15 e “Recommendation

] 'I?otél::-pumping time over 24h:
‘otalrecovery time over 26k 15 h

Comments  The results of the water qualities from both the drifing and pumptest samples are good. They fall in the Class 1
| ‘guideline category for the assessment of the fitness

has a sustainable yield for handpump Installation
with & handpump. The horehole water can be used for potable supply on a lifetime basis,

er 320 minutes, The aquifer yield was then determined as 0.1 Ifs.

The waterievel recovery is poor.

Total-abstraction-perday 324 :m*
Modeled drawdown: ‘m

g :h
Type of pump. CemijD_F' oM

for use of borehole water for emergency potable use. The horehole
only. itis therefore, recommended hat this borehals ¢an be equipped




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %"
: s : : General Information.
Project Number GHOSWHD Borehole Number: LQ17
- Reglon: KwaZulu/Natal KwaZulu/ Natal-Nutaber: B203231
District Ladysmith _ GHT Site 1) 283AC00008
Map Referenes 2520BC Site’ New production borehale
S-Coordinate 28° 33' 12" © Ward: Emnambithi
SR SSRIBRE 30001 08" _ o SubWard Wembley ——— e
*Boretiole Details: T Water Quality Evaluation T R
Date Drifled 27-Feb-96 Sample Date  27-Feb-96 | 06-Mar-96
Depth of Barehole:{m) 150 pH 395 8.17
Barehole Diameter (mny 205 (20m) ; 165 (20-150m) Electrical Conductivity (m&/m3 159 126
JCasing-Length-fm} 20 Tym . Steel Ammonia-NH, as- {mgily 0.181 6.826
Casing Height fm) 0.3 Salcium-Ca {mg). 5 85
Depth of Water Strike () 110 Chioride Ch{mgly 232 62
Aitlitt Yield: (is) 0.13 Fluoride-F{mgll}  4.80 a 0.76
Aquiter Type Fractured Sandstone Magnesium:Mg.(ng/l) 2 66
Ground-Water Level {mbg) 144 Nitrate:NO; as:N{mgH)} 0.8 048
Water above Fracture {m) 958 Phosphate P {mgfl) <0.100 <0.100
... Existing Equipment Potassium¥ (mgfl), 8.3 4.1
Pump Type - None _ Silicon Si fmgfi): 6.7 6.8
Pump Yiefd (s} _ AtHead-{m}. Sodium-Na{mgy 287 131
Depth-of Pump infet:(m) Sulphate SOy gy 10 28
Test Pump Total Atkalinity-as CaCOs(mgll) 483 612
Purmnp Type Submersible Fotal Dissolved Solids-{mgfly 1206 1031
Pump Yield {Iis) 2 AtHead (mj Total Hardness.as CaCOs imgfly 12 212
Depth of Pump-Injet{m) 90 Langelierindex:  0.76 1.34
Available Drawdown (m) 75.6 lon-halance error (35 2.51 2.75
Contractor Borehole Services CLASS: 8 1
Date Tested 06-Mar-96 Water Usage’ _Domestic Household
a = Exceeds max acceptable value ¢ = Below min-guideline value
b= Exveeds max guideline value o =Below min acceptable value
_ < = Below detection it
: ‘Berahols Pump Tests Results” e N e
Discharge Rate Buration Véalerlevel Drawdown | Recoyery
StepDrauwdownTest | (Us) | fmidayi | tmm | s | askm | ¥ sm | %
Step 1 !
0.15 12.96 360 76.98 62.58 | 62.58 82.8
- - 370 | 6265 14.33 | 229
Comments 'Steady state conditions were not reached during the pumptest. There was still a noticeahle drawdown in the waterfevel
at the end of the test. The borehole has a sustainable yield for handpump instaflation only. The waterlevel recovery is
poor due to dewatering from fractures which contributed to the original static waterlevel,
Aquifer yield Afe Hydraulic Parameters Timiday}= 0.2 5=
Design Yield 0.1 ¥s Total pumping time-over 24 8 Tatal-absteaction per day' 288
0.36 miin Total recovery time over 24h 16 'h Modgled drawdown 40 'm
‘Depth of Pump: Infet 70 m Type of purnp: Cemo HDP g M

Comments  The result of the chemical analyses from the driling phase falls in a Class 3 category and from the pumptest phase in
Class 1 category for the assessment of the fitness for use of borehole water for emergency potable use. The result of
the chemical analyses from the pumptest is more representative fram the aquifer and therefore, this borehole can be
equipped with 2 handpump. The borehole has a sustainable yisld for handpump installation only. Water samples must
be taken on a regularly basis and analysed for the major constituents especially the fluoride content,




Peoject Number GH35WHD
Region KwaZulu/Natal
District Ladysmith
Map Reference 2930A0
S-Coordinate: 28° 27° 08"
- E-Coordinate: 30° 17* 38"

MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %J

General Information = 7+
‘Borehole Number LI9b
KwaZulu? Natal-Ngmber: B303334
GHT Site 1B- 2830AD0001 0
Locgion .
Bite: New production borehole
Ward: Emnambithi
Sub-Ward Dival

el -Bﬂl‘ﬁhdlﬁ_ﬂefa_ilﬁ : 5= W&&#'Quaﬁ_w- Evaluation = Lt
Date Drifled 13-Feb-96 Sample Date: 13-Feb-98 06-Mar-96
Depth of Borehole {m} 120 pH 864 8.51
Borehote Diameter (mm}  215(12m) 165(12-120m) Electrical Conductivity (mS/im}. 163 b 157
Casing Length {m) 12m  Type: Steel Ammonia NH; as-N-{mgfl);  0.826 0.671
Casing Height-{m) 0.3 Caleium:-Ca (mg/): 4 4
Depth of Weater Strike (m) 96 Chloride CHimgfly 180 174
Rirlift Yield {ifs) 4.2 FluorideF (mg/l}, 156 b 1.32
Aquifer Typo Sandstone / Shale Magnesium #g-{mg); 2 3
Ground-Water Level:(mbgl) 66 NitrateNO; as:M.(mgf): 0.12 0.02
Water above Fracture {m} 89.4 Phogphate P-(mgfl): 0.100< <0.100
... Existing Equipment Potassium# {mgly 9.3 5.1
[Purmp Type None Silicon Sifmg/y, 20 5
Parnp Yiekd (i/s) AtHead (i} Sodium Nafmg/) 386 b 363
Depth of Pump-inlet:-(m) Sulphate S0, fmgly 2 1
;  Test Pump Total Aikalinity as CaCOy (mgfl) 615 609
Pump Type Submersible Total Dissolved Solids ¢mg/)’ 1268 1210
Pump Yield{i's} 2 AtMead{my 50 TotakHardness as CaCQy{mgly 10 10
Depth of--Pu}!npvinl‘et*.(m} 70 Langelierindex.  0.44 0.32
Available Drawdawn {m) 6834 lon-balance error %) -0.34 -2.41
Gontractor Borehole Services CLASS 2 2
Date Tested 15-Feb-98 Water Usage:  Domestic Household
a=Exceeds maxacceptable valie ¢ =Béiow min guildeline value
b= Exceeds max-guideline value  d=Below min-acceptable value
<=Brlow defection limit :
SRR REsr Boreliole Pump Tests Resiilfs 7o nmpsimmmie s
L Discharge Rate Duration | Aaterieve wdown / R
Step-Drawdown Test | (s) L fmin) [ sHwy | A %
Step-2
Step 3
Step 4
Recovery Test .
Constant Diccharge Test 1.50 12960 360 15.87 9.27 8.27 146
Resovery Test ' - - 160 10.01 5.86 63.2

Design Yield 22 s Total pumpin

Comments  The waterlevel drawdown stabilized after 2 hours of continuous pumping, thus reaching equilibrium conditions. The
waterlevel recovery is good. The borehale has a sustainable yield for handpump installation.

&Aquiferyiefd:.. T s Hydraulic Parariieters Timidayy = 14 s T
b - L . ; ‘ RQ{:O : endnfjo-n 5 R T

g time over 2¢h: 11 :h

Totat abstraction per day: 87.12 m®

_ 7.92 m'ih . Total recovery time over 24h. 13 b
Depth of Pump-iniet 60 m Type of-pump: Cemo HDP oM 7

good and the borehole can be equipped immediately.

Comments  The borehole has a sustainable yield for handpumy installation and for & motorized Lt If a motorized unit is installed
the recommended design yield and the maximum total pumping time should not be exceeded. The water qualities are

Modeled drawdown: 15.7 ‘m




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %’
i s General Information 777777 SRR
Project Number: GHI5WHD Boréhole Number:LHZ
Region: KwaZulu/Natal KwaZuluf Nata) Numbar B303340
Bistrict Ladysmith GHT Site ID' 2830AC00015 s
Map Reference: 2830AC Site: New production berehale
$ Coordinate: 28° 29° 30" Ward; Emnambithi
_ ECoordinate 30°12739" Sub-Ward Namakaz — _ &
... - Borehole Oetails : Water Quality Evaluation = Ll
Date Drilled 18-Feb-96 Sample Date: 18-Feb-96 | 22-Feb-96
Bepth of Borehole {my) 97 ; pH 820 | 8.01
Sorehole Biameter {mmj  205(20m) 165(26-97m) Electrical Conductivity (mSin ), 43 90
Easing--shengﬂm-{m} 8(8) 8-29(P) Type Steel Ammoni&:ﬂﬂ,;:as::b]‘-iimﬁﬁ 0.194 0.374
Casing.Helyht fr) 0.32 Caleium Ca fmghy 50 0
Depth of Water Strike (my} 30 Chioride CHmg) 38 40
Airdife Yield. (i) 1.4 Fluoride F (mgf)  0.49 0.56
Aquifer Fype Dolerite Magnesium Mg-(mgil): 34 38
Ground-Water Level (mbgl) 0 Artesian Nitrate NO; asNdmgfly 0.02 0.04
Water above Fracture{m) 30 Phosphate P {img/l}; 0.100< 0.100<
..... Existing Equipment Potassium K mgf); 33 3.8
Pump Type None Bilicon Si-gmg#ly 155 181
Pomp Yiald- lfs) Sodium Na. (mg?); 94 95
Bepth of Pump Inlet {m) Sulphate $0,:img/): 28 30
Test Pump Total Alkalinity as CaCO, (mgdly 377 423
Pump Type Submersible 'Foiatassolved-ssmids«:(mgﬂifs 659 739
Pump Yield: e} 2 AtHea 50 TotalHardness as CaCO.fmafll 125 175
Depth of Pumpinlet (m) 60 Langefierindex. 059 0.9s8
Avaitable Drawdown {m) 60 Torrbalance error @&y 1.34 2.1
Contractor Borehole Services cLass 1 1
Pate Tested 22-Feh-96 Water bsage  Domestic Household
' a=Exceods max acceptoble value ¢ = Baic min- guiidedine value
b = Exceeds max Wideline vaine  d=Balow mifrracceptable value
<= Below detection fimit b i
- Borehole Pump Tests Results ™ "7 B
| DisshargeRate | Duration | Waterlevel Drawdoun (Recovery |
Step-Deawdown Test | (s) | miday) fmim) 3 efm L Asfw | fem) | %
Step 1 ! i
Step-2 i
Step 3 I i
Step 4 , ;
!
140 12096 90 10.86 10.86 10.86 | 181
_ - - I 5 0 10.86 100.0
‘The borehole is artesian. No significant drawdown couid be obtained due to the inefficiency of the test pump. The

pumptest was discontinued after 9
conciuded that this borehole has a

0 minutes,

Dapth of Puinp iniet 60 -
Comments  The borehole has a sustainable yield f
chemical analyses from the drill and pum,
use of borehole water for emergency pot
basis and the borehole can be equipped.,

ptest

sustainable yield for handpump instail

Aquiteryield. s Hydraulic Parameters Timidayy= 11 s=
S S S e ‘Recommendafion S SO S el
Pesign Yield. 1 /s Fotal pumping time over 24h 17 ‘h Total—abstractian--perday" 61.2 'm°
36 ‘m'h Total recovery time over 24 7 4 Modeled drawdown. 436 .m

Type-of ptimp: Cemo HDP 9M N
or handpump installation. The water

able use. The bor

The waterlevel recovery is good. Frem the resufts obtained it is therefore

ation,

qdaliﬁéé are gobd. Both the results from the
tegory for the assessment of the fitness for
ehole water is suitable for emergency supply on a fifetime

phases, fall in the Class 1 ca




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %'
B A ; ~ Genera| Information ST
‘Project-Number: GHO5WHD ' Borehole Number LS19b
Reglan’ KwaZulu/Natal KwaZulu./ Natal Nuraber: B303342
District Ladysmith ) i ' GHT Site:{D- 2830AC00017 5
Map-Reference 2830AC Site: New production borehole
5§ -Goordinate: 28° 28' 21" : Ward: Emnambithi
[ECoordinate 30°1328" ____ SubWand Vaalkop _
~ . BoreholePetails 7 Water Quality Evajuation =y
Pate -Drilled  22-Feb-96 Sample Date;  22-Feb-96 | 28-Feb-96
Depth-of-Borehole-{m) 101 pH 858 8.08
Borehole Diameter (mmj  215(42m) 165(42-101 m) Electrical Conductivity {mSim ). 55 62
Casing-Length ()} 20(S) 20-42(P Type:.  Steel AmmoniaNH, as N{malli}  0.32 0.012
Gasing Height fm)- 0.31 Galclum Ca fmgih);: 10 50
Depth-of Water Strike {m) 40 Chicride Glimgl): 21 19
Airfift Yield: (lis) 0.2 Fluoride F {mgh)  0.56 063
Aquiter Type - Dolerite Magnesium Mg {mgi): 5 30
Ground:Water Levei:(mbgl) 1 Nifrate NO; asN{mg/ly 0.02 0.05
Water above Fractute{mj) 39 Phosphate P fmg/) 0.100< 0.100<
..._. . Existing Equipment PotassiumK (mgf) 21 19
Pump Type None Silicon Si-fmgH) 3.9 7.1
Pump Yield-(ifs) At Head (m) Sodium-Na{mg/t) 100 54
Bepth of Punip Iniet {m) Sulphate SO, {mgil): 18 21
Test Pump Total Alkalinity as CaC€, {mg/l): 237 307
Pump Type Submersible TotalDissalved Selids-(mgal): 448 506
Pump Yield.(iis} 2 AtHead tmj Fofal Hardness as CaC@yimgl} 25 125
Depth-of Pump inlet {in) Langelier iIndex: 0.5 0.81
Available-Drawdown {(m} 59 loni balance error (%) 0.52 1.45
Contractor Borehole Services CLASS 1 1
Rate Tested 22-Feb-96 Water Usage:  Domestic Household
‘ ] a=Exceads:max.acceptablevalue ¢ = Helow min-guideline vaiue]
b= Exceeds max guideline value  d =Below min-acceptable value
_ ¢-=--Bel_owdgtec~ﬁop-limit " )
Berehole' Pump Tests Residts A R
DischargeRate | Duration Watgrievel Drawdown fRecovery
SwpDrawdownTest |~ “{s) | (el | (mim) | sfw | As@) | Sslm |
Step 1 PEL :
Btep 2
Step-3
Step 4
- Co i fest 0.37 31.07 350 52.73 51.73 51.73 87.7
__ Recovery Test - - 360 10,96 4177 80.7
Commianits Equilibrium conditions were reached at the end of the pumptest. The waterlevel stabilized at a relative drawdown of
51.73 m. The waterlevel recovery is goad. From the results obtained itis therefore concluded that this borehole has a
sustainable yield for handpump installation.
Aquifer yield: s Hydrautic Paramoters T niday)= 1 ' =
‘Design Yield 0.15 s Total:pumping thine over 24h- 9 Total-abstraction per day 4.86 m
054 mh Totak-recovery time-over 24h. 15 ‘h Modeled drawdown: 20 m
Pump type 'Cemo HDP 9M ~ Inlet. 60 m Pump performance: 0.11  Wsathead §0-m
Comments The borehole has a sustainable yield for handpump installation. The water qualities are good. Eoth the results from the
chetnical analyses from the drill and pumptest phases, fall in the Class 1 category for the assessment of the fitness for
use of borehole water for emergency potable use. The borehole water is suitable for emergency supply on a lifetime
‘basis and the borehole can be equipped.




Projeet Number: GHISWHD
Reglon: KwaZulu/Natai
Eiairid_Ladysm'rﬂw

Map-Reference 2830AC
S Goordinate: 28° 25' 41"
E Goordinate: 30° 12" 46"

‘General Information

MANAGEMENT RECOMMENDATIONS AND WATER QUALITY

Borehale Namber: LW23b
KweaZulu/ Natal Number: 303342
‘ GHT Site 1D 2830AC00019
Location = =70
Site: New production borehole
Ward: Emnambithi
Sup—Ward Tholeni Town

.. | Borghole Details - Water Quality Evaluation . 7
Date Driiled 21-Feb-98 Sarhple Date:  21-Feb-96 23-Feb-98
Depth of Borehole {mj) 150 pH: 795 7.7
Boreholeﬂimﬁer-{mmi 215(22m) 165(22—1 50m) Elentrim?iﬂonducﬁwity{m&!m:)f 150 b 40
Casing Length (m) 22(S)  Type: Steel Ammonia-NH, as-N-{mg/ly:  1.367 0.065
Gasing:Hedght:{m) 0.25 Calcium Ca {mgil); 18 33
Depth-of Water Strike-{m) 96 Chloride Climgy 388 b !
Airdift Yield-{i/s) 0.2 Fluoride F fmgfly 266 b 0.62
Aquifer Type Shale Magnesiam Mg (mgfi) 2 16
Ground-Water Level-{mhg} 13.9 Nitrate- NO; asd{mgM  0.11 0.26
Water. abpuefFracmfe {r) 82.1 Phosphate P fmg/l), 0.100< 0.100<
... .. Existing Equipment Potassium¥ (mg)  14.8 0.9<
Pump Type None Silicon Si{mg): i6 18.9
Pump Yield:{i/s) . AtHead (m) SodiumNafmgfy 276 b 36
Bepth-of Punitp Infet (mj) Sulphate SO, {mgily 8 1
Test Pump Total Atkalinity as: CaC0, {motl): 149 192
Pump Type Submersible TotakDissolved Solids (mgfly 876 328
Pump Yietd (I/s} 2 - AtHead(m) 50 TotabHardness as CaC@; imgft). 45 82
Depth of Pump Infet (m) 100 Langelierindex: -0.15 0.09
Available Drawdown {rnj 86.1 lon-balanee-error ¥4  -2.85 0.78
Contractor Borehole Services CLASS: 2 1
Date Tested 23-Feb-96 Water Usage.  Domestic Houschold
a=Exceeds max acceptable value &= Helow fmin-guidsiine val'uew
b = Exceeds max-guideline value  d=Below minacceptable value
< =Below detection {imit
£ Borehols Fump Testa Resuls TR T
| ischarge Rate Duration | Waterlevel Drawdoy n/Recovery
Step-Drawdown Test a) i s Astm | S eem) %
Step 1
Step 2
Step 3
Step 4
Recovery Test
| Constant Discharge Test | 0.35 3024 360 60.99 47.09 47.09 547
___Recovery Test . . = 340 1812 | 42387 i 91.0

Comiments " The waterlevel drawdown showed a trend towards equilibfium conditions at the end of the pumptest. The waterievel
fecovery is good. From the resulis obtained It is therefore concluded that this borehole has a sustainable yield fer
handpump nstallation.

vs T(midayy= 04

Aguifer yield Hydrautic Parameters S=
s e Recommendation T e A e
Design Yield: 0.1 /s Total-,-pmnping---time‘over24:h1; 9 h Total*abstraction-.:perdayr 324 'm’
036 m'  Totalrecovery timeover 24h 15 h Medeled drawdown: 52 :m
Pump type Cemo HDP 9M 80 m




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY ‘%‘

it S s R - General Information ™ = S D
Project Number GHYSVWHD Borehole Number |F15
Region KwaZulw/Natal KweaZulu / Natal Number 2203354
Ristrict Ladysmith GHT Site 1D 2820BD00020
2 T gt I e e T e e e e Frpdl:s gy
Map Referance 282980 Site Mew production barshals
S Coondinate 28° 34" 35¢ Ward Emnambitii

e ovdinate. 29°53' 36 _ Sub-Ward StChads e
. Borehole Detaiis =~ S Water Quality Evaluation i
Date Driled 05-Mar-66 SampleDate  05-Mar-96 | 07-Mar-06

Bepth of Borehole- () 138 pH: 946 b 8.6
‘Borehole Diameter fmm) - 254(6m) 165(6-1 38m) Electricar-:eonducﬁvily-{m&m : 56 63
Casing Length {my 6(S)  ‘Type: Ammonia NH, as-N-mgldy  0.077 0.463
Casing Height:{m) 0.21 Calcium Ca (mgh)’ 4 : 6
Depth of Water Strike-(m) 107 Chloride Ch{mgll). 33 33
Airlift Yield (le) 0.3 Fluoride F {mghl}  1.05 2b
Aguifer Type _ Dolerite Magnesium-Mg {mgl). 1 2
Ground-Water Levelfmbgl) 676 Nittate NO, asN-(mgh): 28 1.1
Water abﬂve-fﬁfactum--(fm) 100.24 Phosphate P fmgal 0.100< 0.100<
.. .. .. Existing Equipment PotassiumK (mgfy  14.4 16
Pump Type None - Siicon Si{mgl): 5 4.7
Pump Yield.fifs) ‘ At Head:(m), Sodium:-Na{mgi: 120 138
Depth of Pumpinletim) Sulphate SO, {mg/l); 20 8
Test Pump Total Alkalinity as CaCO; tmatl)y 245 274
Pump Type Submers'ble Total Dissolvad:-Solids: {mgrty 498 497
Pump Yield-fifs} 2 it Maad: Total Hardness as CaCO, fing#l) 10 15
Depth of Pump hlet {m) Langelierindex 098 0.35
Available Drawdown {m] 73.24 fon balance error (%) -3.60 -1.88
Contractor Borehole Services CLASS 2 2
Date Tested 07-Mar-96 Water Usage:  Domestic Housshold

a=Exceeds max acceptablo value ¢ =Bilow ritin guideline vakue:
b= Exceeds maxguideline value = Below min -acceptable valug
<= :IBelowdate_cﬁ_on--ﬁmit [y
s : oA 3 _- ¥ BWEhG'ELEump Tﬂshﬁﬁulﬁi'r: F'-:?!‘_.'",_'_*, el ==
i Buration
' ¢ (o) s {m)

Step-Drawdown Test
Step 1

%

handpump installation,

Aquifer yield: — dAfs Hydraulic Parameters T (mgiday} =;. 03 5=

oo e T Resommendatign T Ees) s e e

BDesign Yield: 0.15 /s Total pumping tirrie over 24k, "M h 'Fotalrabstraction---perday‘ 594 :m°®
054 m'm Total recovery time over 24&:h: 13 +h WModeled drawdown: 37 m

Purap type Cemo HDP 9M infet 80 m Pump performance 009 Wsathead 80 m

Comiments The borehole has a sustainable yield for handpump instatiation, The water qualities are good. The chemical resuits
from both the drilling and pumptest phases fall in the Class 2 guideline value for the assessment of the fitness for use of

borehole water for emergency potable use. The borehole water is suitable for amergency supply on a short term basis
and the borehole can be equipped.




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %
 Nambr oo e General Information LT :
Project Number: GHISWHD Borehole Number. LD4
Region: KwaZuli/Nata] &Wa‘zuiuff-ﬂa'ialbﬁlumbgr' B303344
District Lattysmith, _GHT Site ID:2820BD00023 N

SR S sy - osation T T e

Map Reference: 282930 Site: New production borehole

B:-Coordinate. 25° 25' 12" Want: Emnainbithi

ooeaaR e subWardGed e |
e s O B D e e e it by
Date-Drilled 24-Feb-96 Sample Date: 24-Feb-96 | (08-Mar-06
Depth-of Barehole {m) 138 pH. 858 7.93
Borehole Diameter {mm)  215(42m) 1 65(42-138m) EiEetﬁnal-—‘ﬁandmtiwity {mSim g 71 68
§Casemg‘-hengm{m) 30(8) 12(P) Type Steel Amnmniaﬂﬂgﬂswﬂ'w(mﬂ)ﬁ 08 1.290
Casing Height (m) 033 Calcium Eafmgny 12 35
Depth of Water Strike i} 65 &hlorideﬁl%(mgﬂr 14 10
Rirlift Yield:(ifs) 0.7 Fluoride F{mgly 07 0.23
Acquifer Type Dolerite Magnesium My.(mg/: 4 11
Ground-Water Level(mbgl) 9.4 NitratoNO; asNmgiy 02 0.08
Waﬁe;abqvelﬁragmre:tmj” 55.6 Phosphate Pfmgdly: 0.100< 0.100<

. . Existing Equipment Potassium® (mgfly 117 19
Pump Type None SHliconSifmglly 294 5.6
Pump Yield. (is) At Head:mj SodiumNa (maly 152 113
Depth of Pumpinletfm) Sufphate-S0, fmgH): 3 1

‘ Test Pump TotabAlkalinity as CaCOyfmatl). 365 378

Pump Type Submersible Total Dissolvad Solids 4mgdy 598 568
Pump Yield-@s} 2 AtHead{mj 50 TotalHardness-as CaCO, fmgrl) 30 87
Bepth-of?ump-lnlet—:fmi 64 Langeﬁer-md-ex; 0.74 0.58
Available Drawdown {m) 546 lom-balance error {%).  -0.19 -1.68
Contractor Borehole Services CLASS' 1 1
Bate Tested 08-Mar-06 ; Water Usage:  Domestic Household

a=Excends max acceptablo value o= Betow min guideiine vaiue
b= Exceeds. max guideline value d = Below min acceptable value
<= Below detection:limit

: ¥ - o Borehole Pump Tests Resulfs e e T s
Step-Brawdown Test [~ (ig). [ & i ey Asm) { et [ %
Step 1
Step 2
Step 3

Step 4

handpump installation.

[ Aguifer yield: -"4':Ifs Hydrautic Parameters Tfm:‘iday)::: 1 — 8=

e B S DR R i ~ Recommendation

‘Design Yield: 0.4 4= Total purnping time over 24-h 8§ @ Total-abstraction.per day' 11.52 :m°
144 m'b Fotal recovery time over2éh. 16 p . Modeled drawdown. 39 n

Pumptype Cemo HDP oM Infet 60 'm Puenp. performance. 0.11 Vs-athead 80-m




‘ it
MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %
TR R [ e .
Project Number: GHISWHD Borehole Number LZ27h
Region: KwaZulu/Natal KwaZulu | NatatNumber B303247
Bistrict: Ladysmith _ : (GHT Site-4D: 2829_8530(_)02‘._5 )
plea SN - “Location =TT s
Wap Reference: 282980 Site Mew production borehgle
S-Coondinate; 20° 23' 25" Ward Emnambithi
B Goordinate 20745 00" _ SubiWard Goabane S
oo Borenole Details T o0 Water Quality Evaiuation S
Bate Drilled 28-Feb-96 Sample Date:  28-Feb-96 | 08-Mar-96
Bepth-6f-Borehole fra) 150 pH: 6895 8.33

Barehole-Diameter fmm)  215(16m) 165(18-1 50m) Electrical Conductivity fmSin). 187 b 540 a
Casing.Length {m) 18(S})  Type: Steel AmmoniaNH, as-N-{mghly 0219 0.387
Casing Height4m) 0.32 Calcium-Ca {mg/l) i5 135
Bepth of Water Strike (m} 119 Chloride-Gi(mglly 572 b 1761 a
Airlift Yield (i) 0.08 Fluoride F {mgil),  0.36 1.33
Aquifer Type . Dolerite Magnesium:Mg.mg#): 1 g
Ground-Waiter Level (mhgl)  9.48 Nitrate NO; asNqmgy  0.01< 0.08
Wgﬁ;e;-ahweiraetum{_mi_ 100.52 Phosphate P {mg/t: 0.100< 0.100<

~ ~ Existing Equipment Potassiom K mga) 132 45
fPump Type ‘ None ) Siticon Si.fmgay: 0.3 3.3
Pump Yield-{/s) i At Head (m). SodiumrNa{mally 341 b 979 a
'=Bepth-of=’?mp--lnlef:etm} Sulphate SO, fmg/l): 12 2
Test Pump Total Atkalinity as CaCO; fmgtl): 50 265
Pump Type . Submersible Tetal Disscived Solids tmgfly 1029 b 3208 a
Purnp Yield-fils) 2 AtHeadymj 50 TotatHardness as CaCOL(mgM) 37 337
Depth of PumpInfet {m) 80 - Langefierindex: -1.78 1.15
Avaitable Drawdown.fm) 76.52 lon baiance error (%3 -4.19 -4.66
‘Contractar Borehole Services CLASS 2 3
Biate Tested 08-Mar-96 Water Usager  Domestic Household

a= Exceeds max acceptable value o= Below min guidéline vaive
b=Exceeds max guideline value  d = Below miin-acceptable value|

<=Below defection limit
: e Barehu!e.ﬂump_mjsﬁﬂésu!ts;._»'_:.-.:, Yo Ao T S i S
_Discharg | Duraton | WaterlevelDrawdo “over 1
StepDrawdownTest s | miidayl | (min) s {m) asim) | %
Step 1
Step 2
Step-3
Step 4
010 8.64 270 77 67.52 67.52 957
Recovery Test S - ] 560 723 47 7.0

 Comments The'waterrevei drawdown reached pump intake after 270 min. The waterlevel recovery is very poor. From the results
obtained it is therefore concluded that this borehole has no susteinable yield for handpump installation.

Aquifer yielﬂy'; ils Hydraulic Parameters T (mé.l' day).,-_-['" S o

‘Besign.Yield: 0 s Fotal pumping time over 24-h: 0 Tntaliabstracﬁon»perday? 0 m
0 an'ih Total recovery time over 24h: 0 ch Modeled drawdown: 0 -m

Pump type o et m Pump performance - V¥sathead Om

guideline value for the assessment of the fitness fer use of borehole water for emergency potable use. The borehole
water is not suitable for emergency supply and can therafore not be equipped.




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %f
; S .o General Information | - s S e
Projest flumber: GHISWHD Borehols Number LES
Region: KwaZulu/Natal KwaZulu | Matal Number B302345
District: Ladysmith : GHT Site ID 23298D00026 .. -
NI e ) Location’ |7 T o e o 2 e
Map Reference Z8Z0BD Site’ New production borehole
5 Coordinate 28° 22' 39" Ward Emnambithi
E Coordinate 28°37' 07" _Sub-Ward Riverside |
T Boretiole Detalls. T o I WatérQuality Evaluation TR
Bate Drilled 29-Feb-95 Sample Date:  29-Feb-98 09-Mar-96
Depth of Borehole m) ‘ 120 pH: 847 9.26 b
Borehole Diameter (mmj  254(6m) 215(54m) 165(1 20m) Electrical Conductivity fmS/m:); 44 42
Casing-Length (m}) 6(S5) 38(S) 54(P) Ammonia Nk, asN-gnglly  0.374 0.194
Casing: Height fm) 032 Calcium Ca (mgll) 4 1
Depth of Water Strike (m) 86 Chioride Cl{mg/ly 26 1
Airlitt Yield-{ls) ; 0.5 Fluoride F fmgfl}, 2.09 b 277 b
Aguifer Type Doierite Magnesium Mg-{mgity 2 1
Ground-Waterkevel(mbgl] 0  Artesian Nitrate NO, as:N{mgry 6.32 0.03
Waterai;pyeframrefm; 86 Phosphate P-fmgA)  0.304 0.160<
... Existing Eguipment Potassium:K (mgf). 56 0.9<
Pump Type None Silicon:Si{mglty 16.7 51
Pemp Yisld:{ifs) ' - AtHead fy Soditm-Na(mgll) 105 102
Depth of Pump Inlet i} Suiphate S0, (mg/) ] 1
- Test Pump Total Alkalinity as GaCOs ¢mgfly 205 213
Purtip Type Submersible Fotal-iFissolved Solids: tmgtly 424 359
Pump Yield:(l/s} 2 AtHead{m) 50 TotakHardness as €aCa, fmgly 10 2
Bepth of Pump iniet (m) 60 Langelier Indexs  -0.08 0.09
-kva‘i[ahle:ﬂrawdcwn--:(m 80 Im‘l—-ha!anlt:.e—tm—’»;»r{%jﬁE -4.79 1
Contractor Borehole Services ' A CiAss 2 2
Date Tested 09-Mar-96 Water Usage:  Domestic Household

a=Exceads max-acceptablovalue ¢ = Halow min guideline vaiue
b = Exceeds max guideline value  d = Below min acceptable value
: o <= Belowdatection fimit : et Al
S Borehole Plimp Tests Resuilts 7 L R R S

|__ __ Discharge Rate | Duration | Waterfeve
Step-Drawdown Test i) imiday) 1 (min) s{m}
Step 1
Step2
6 0.60 51.84 360 §4.45 5445 5445 90.8
Recovery Test - = 240 0.09 54.36 99.8

Comiments The borehole is artesian, The waterlevel recovery is good. From the results obtained it is therefore concluded that this
borehole has a sustainable yield for handpumg instaltation.

Aquifer yield'  ls Hydraulic Parameters Ttmidayy= 1" s=

‘Besign Yield; 0.3 Us Total-pumping-time aver 24h: 15 h Fotatabstraction perday: 16,2 m
- 1.08 mh . Total recovery time over 24 b 9 A Modeled drawdown: 25 m

Pumptype Cemo HOP oM - Infet 80 'm Pump—parfn‘nnance-r 008 Msathead 80.m

phases fall in the Class 2 guideline category for the assessment of the fitness for use of barehole water for emergency
potable use. The borehole water is suitable for emergency supply on a short term basis and can be equipped.




Project:Number GHO5WHD
Region: KwaZulw/Natal
nistr_ic-t- Ladysmith :

Map-Reference 2820BD

S-Goordinate: 28° 40' 08"
E Coordinate 20° 51'3g"
. Borghote Detaits

;Bafe Drifled

MANAGEMENT RECOMMENDATIONS AND WATER QUALITY

_ General information _

Borehole Number: LG7
KwaZulu / Natal Number B303345
' GHT Site D« 2_8298D00027
Location s _
Site New praduction borehole
Ward Emnambithi
EilibrWarq Pieters 2

- Water Quality Evaluation

e

-, ‘.' .‘

b= Exceeds-max guideline value o
<= Below detection limit

04-Mar-96 Sample Date: 04-Mar-96 | 09-Mar-96

Depth of-Borehole{m) 132 pH  8.74 74
Borehole-Blameter (mmj 254(12m) 165(12-132m) Electrical Conductivity {mSim ) 48 68
Gasing Leagth.(m) 12(S)  Type Steel AmmoniaNH, asN.(mgf): 0.851 0.026
Casing:Height {m) 0.23 Calivm-Ca fmgily 11 73
Depth of Water: Strike (m) 24 Chioride CHmgil): 19 16
Adriift Yield (is) 0.44 Fluoride F (mgffy 035 0.24
Aquifer Type Dolerite Magnesium Mg {mg#): 4 41
Ground-Water Levef(mbgl)  11.16 Nitrate NO, as N{mghy 2.94 269
Water above Fracture (m} 12.84 Phosphate # fmgd} 0.100< 0.100<
... . Existing Equipment Potassium € fmg/) 741 1.4
Purnp Type None Silicon:$i {mg#); 6.1 211
Pamp Yieid (i/s) At Head (i} Sodiunt Nafmglly 04 29
Bepth of Pump infet:{m) Sulphate SO, {mg#): 29 26
Test Pump Total Alkalinity as CaCOy (mg/t)y 181 329
Pump Type Submersible Fotal-Dissolved Solids {mgfl): 401 588
Pump Yield (I's) 2 AtHead(m) 50 TotalHardness as CaCQ, fmg/) 27 182
Depth-of Pump inlet:(im) 40 Langslier index: 06 0.3
Available-Drawdown. {mj] 28.84 lon-balance error %)  1.58 3.29
Contractor Borehole Services CLASS: 1 1

Bite Tested 09-Mar-96 Water Usage:  Domestic Household

a=Exceods maxacceptable valve = Below:min guideiine vaiue

= Below min-aceeptable valua

1.08 :m¥h Total recovery time over 24h: 4

Pump.type Cemo HDP 9M nfet 80 ‘m

Comments The water qualities are good. The chemical resylts from both the drilling and pumptest

borehole water is suitable for emergency suppl

Eorehole Pump Tests Resiifts it
rge . “_‘1 Buration ra
Step-Drawdown Test day) | (win) s{m) %
Step 1 '
Step 2
Step 3
Step 4
Recovery Test
i Constant Discharge Test 0.40 34.56 360 22.51 11.35 11.35 394
Recovery Test - 30 12.97 9.54 84.1
Comments The borehole has a sustainable yield for handpump installation. The waterlevel recovery is good.
Aquifer yield:  ls Hydraulic Parameters TimPday)= 25 S=
- e e A 3 Recommendation RAFRATAE e R ek O
‘Besign Yield: 0.3 s Total pumping time over 26k 20 h Total-abstraction-perday: 216 .m°

Modeled drawdown
Pump perforinance: 0.09

guideline category for the assessment of the fitness for use of borehole water for emergency potable use. The
y on a lifetime basis and can he eqguipped.

1
lis athead 80 m
phases fall in the Ciass 1




MANAGEMENT RECOMMENDATIONS AND WATER QUALITY %‘
= General Infarmation
iject Number: GHOSWHD Borshole-Number: LJ10
Region KwaZuly/Nats! KwaZuly FNatal:-Number B303350
Bistrict Ladysmith : GH?I' 'Site-.EB 2829B\‘;_‘._00028 _
ol SRS R : ‘Localion | - o
| Map Refersnce: 282980 S|te New produchon borehole
8 Coordinate 28° 18' 16" . Ward: Emnambithi
- E Coordinate: 26° 43' 09" __B SUbWanl Baldaskraal 2
.~ BorgholeDetails’ = 0 Water Quality Evaltation | = = &
Date-Brilled 02-Mar-96 Sample Date:  02-Mar-96 | 07-Mar-96
Depth-of Borehole- (m) 102 ‘ pH  912b 934 b
Borehole Diameter{mm)  254(6m) 215(13m) 254(102m) Electrical Gonductivity (mSim?) 17 33
Casing Length {im) 6(3) 10(3) 3(P) Ammonia NHy asN.(mg#).  0.168 0.542
Casing-Height (m) 0.21 Caleium-Ca.(mgily 5 8
Depth of Water Strike i) 80 Chioride Gt fmgll) 4 5
Airfift Yield-{fs) 0.12 Fluoride F {mgily: 0.54 0.28
Aguifer Type Dolerite Magnresium:Mg-tmg#l): 7 3
GroundiWater Level-{(rabgf) 59 Nitvate NO; as-Namgfly:  0.13 1.08
Water above Fracture: {rm) 741 Phosphate P-{mgflj: 0.100< 0.100<
: Existing Equipment PotassiumK{mglly 4.6 0.9<
Pump Type None SiliconSi{mgdy; 1986 142
Pump Yield-{i/s) At Head (m) Sodium-Nafmg/ly 32 7t
Bepth-of Pump Intet {m) Sudlphate SO, (mgl): 2 2
: Test Pump Total Alkalinity as CaCOy fmgll 99 170
I;Pump Type Submersible Total Dissolved Solids-(mygd) 181 316
Pump Yield-{lis} 2 AtHq ) 50 TotakHardness as-GatO, (mgh): 12 20
Bepth-of Pumpinlet-{m) 70 Langefierindex:  0.42 1.05
Available Drawdown-{m}) 64.1 lon-balance-error %) 3.77 0.54
[ﬂontractor Borehole Services i CLASS 2 2
Date Tested 07-Mar-95 Water llsager  Domestic Household

a= Exceeds max acceptable value  c= Below min guideline valie|
b= Exceeds rnaxgmdelme vialue d = Below min acceptable value
== -Below detection lim

; 4 Eomh ole Pump: Tesis Results R T ]
Buration -Draw 3 )
Step-Brawdown Test {myin} %
Step 1
Step2
Step 3
Step 4
Recovery Test .
" Constant Discharge Test 0.2z 19.01 360 211 15.20 15.26 23.7
‘HRecavery Test ] - 20 7.42 13.68 | 80,0
“Comimients The borehole has a sustainable yield for handpump installation. The waterievei recovery is good.
Aquifer yicld: Hs Hydraulic: Parameters T (m‘!day} = §=.
AR P S e i - Recommendation ° e M
‘Design Yield 02 Hs Total pumping time over 26h 10 & Total-abstraction perday 7.2 ‘m’
0.72 .m'h Total recovery time aver 24h 14 h Modeled drawdown. 24 m
Pump type Cemo HDP 9M Iplet 80 m Pump performance 0.09 Vs athead 80-m

Comiments The water qualrhes are good The chemrcal resurts from both the drilling and pumptest phases fall in the Class 2
guideline category for the assessment of the fitness for use of borehole water for emergency potable use. The
borehole water is suitable for emergency supply on a short term basfs and can be equipped.




APPENDIX F

Progress Reports

GHT OFS' Report No RVN38/05/92 GEOHYDROLOGICAL SERVICES IN KWAZVULU/NATAL - LADYSMITH DISTRICT
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