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ABSTRACT

The dyke intruded, chert-rich

(1)

/7

dolomitic aguifer of the Lichtenburg area is

extensively karstified. Zones of high tragSmissivity are associated with

breferential solution along linear structures,

.méntalising effects,

drilling.

Ground water balance

Various dykes have pbartly compart-

namely the Blaauwbailk, Elizabeth, Greeffslaagte, Hendriksdal
and Paarl. Dykes are of diabase and are deeply weathered to depths in excess of
40 m. The southern extent Of the dolomite has been investigated by exploration

calculations for a 340 ka area

indicate : a gross rainfall

recharge of 28% (e, 5 % net, excluding evapotranspiration losses) of the mean
annual rainfall of 612mm and a specific yield of 3%.

the dolomite are unconfined, locally varying to semi-u

under a thick cover of Karoo clays and mudstone. Tra
the dolomite have not been calculated. Pumping tests

values for the gendri
the order of Im /d.
the dolomite and lava

ksdal dyke is approximately 0,1
A transmissivity value of some 0
formation under a cover of Karo

Aguifer conditions within

nconfined and semi-confined

nsmissivity values within
‘ndicate that a transmissivity

m /d_and for other dykes of

4 m /d was calculated for

o ¢lay and recent calcrete.
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INDRODUCTION . ol

Due to the paramount importance of ground water in the Bo-Molopo region
for muncipal, industrial and agricultural water reguirements the Bo-Molopo

region was proclaimed a subterranean water control area (S.W.C.A.) in Government

notice R1325 of the 30th August 1963. Administration and control on the
useage and further development of ground water resources within the Bo~-Molopo
S.W.C.4, was assigned to the Directorate of Water Affairs,

The south-east sector of the Bo-Molopo S5.W.C.A. was studied during this
investigation and the primary objectives were

— to prepare a regional ground water bhalance budget, with a view to

~ ascertain whether or not Scope for increased ground water development is
available,

Secondary objectives were

-~ to comment on the ground water supply available to Lichtenburg Municipality,

and :
- to comment on whether Or not the continuation of Government control was
necessary to safe-guard interests of primary ground water consumers

1.1 LOCATION OF STUDY AREA

The investigated area covers some 500 km2 and extends east-west between
the towns of Lichtenburg in the south and Bakerville ig the north, The
total area studied is between the liges of latitgde 26 125 and 26° 57'5
and within the lines of longitude 25 59'F and 26 17'E. Map coverage ig
brovided by the 1:50 000 topo-cadastral sheets

2525pD Rooigronde; 2526cc Bakerville; 2526CD Lead Mine; 2625BB
Itsoseng; 2626aAa Lichtenburg and 2626 AR Twee Buffels. Farms surveyed
are listed alphabetically in Appendix 1,

1.2 PREVIOUS WORK

Results of early geological mapping by the Geological Survey are published
in the 1:250 000 geological map series; Zeerust, Sheet 5, (Hall et al
1910) and Lichtenburg, Sheet 54. (Von Backstrém et al 1952). The study
area was completely remapped by Davies and Prévost (1978) and pbrovisional

maps at a scale of 1:50 000 have been compiled. Utilisation of remote

Ground geophysical work in the area has been directed at ;

= locating dyke positions,
- the relative age relationship between dykes, and
- unworked deposits of botentially diamondiferous gravels,

The Geophysics Division of the Geological Survey has been active in the
study area with mainly gravity, ground magnetic and electromagnetic
surveys (Darracott 1973, Day : 197e(b) + (c¢), 1977 (a), (b) + {c)
1979 (a) and 1980, pe Wit 1978, Richards et al 1973 and Stettler 1979).
Numerous magnetic surveys have also been carried out by the Department
of Environment Affairs e.qg.




Wessels 1974, Cogho 1982. Between 1979 and 1982 gravity and magnetic
surveys have been undertaken over the main Bakerville gravel runs by
Newmont S.A. Pty. Ltd. and Southern Sphere Pty. Ltd. the results
obtained however are confidential.

Complete aeromagnetic coverage for the area is brovided by the north-
south flight of 1966 and the EN.E. - W.5.W. Flight of 1971, From

the aeromagnetic data a map of the dykes in the Lichtenburg area was
compiled (Richards and Day 1975, Day 1976a and Day 1977a}).

Day (1981) combined the results of aeromagnetic, ground magnetics,
geological information and remote sensing to revise dyke positions and
form conclusions on the relationships between certain dykes.

level map for 1959 was compiled by Gordon-Welch (1960). Remeasured
water levels over part of the study area were presented by Bredenkamp
(1964), Mulder (1974), Borehole surveys during 1966, 1971/74 and 1975
covered the area. Purpose drilied water level observation boreholes
were drilled over the period 1975/76 and are monitored monthly. Few
records of spring flow exist, Ground water abstraction quantities
and water levels Ffrom or close to pumping boreholes have been kept by
Lichtenburg Municipality (from 1960), Blue Circle Cement Pty. Ltd.
(from 1966) and Anglo-Alpha Cement Pty. Ltd. (from 1977). a report

on ground water conditions on the farms Dudfield 35IP and 57 Ip was
brepared by Australian Ground water Consultants Pty. Ltd. (A.C.C. 1974).

Further coverage of the study area is provided by

- air photographs at a scale of 1:30 000
(Job no. 754, 1975) and 1:50 000 (Job nos. 759, 1975 and 770, 1976). i
- infra red survey at 1:40 000 (1976}, and
= enhanced colour landsat image at 1:250 000 dated at 03.11.1981. i
dated—at~03+11198] B

2. PHYSIOGRAPHY

2

1

TOPOGRAPHY AND DRAINAGE

The studied area Froms bart of the Transvaal Highlands with elevations
ranging from 1547 m in the north-east to less than 1450 m in the south,
From the north-east of the study area the land surface slopes gently
southwards and westwards. The topographic gradient Increases sharply
in the south to 1in 200 where dolomitic rocks are covered by

younger formations. The subdued relief of the dolomite outcrop,

mean elevation approximately 1510 m, is broken by shallow circular

and linear depressions with interve ning broad residual hillocks
rising to more than 1520 m.

The main part of the investigated area falls within the surface
water shed C330 (Harts River System) while the north-west sector

is part of the drainage basin D44} (Molopo River System). The area
of dolomitic rock outcrop is virtually devoid of persnnial surface
water drainage.ﬂowevez-springs which issue from the dolomitic rock
form the headwaters of the south-westerly flowing Harts River,




2.2 CLIMATE AND VEGETATION

The Lichtenburg area falls within the northern steppe climatic zone
of Southern Africa (sn, ), Precipitation oceurs Principally as the
réesult of thunderstorms in summer and autumn. Rainfall stations
no 472/281 replaced in 1972 by station no 472/279 have Jointly been
operating in Lichtenburg since 1903, From these records, for the
hydrological Years 1932/33 to I981/82, the mean annual rainfal] has
been calculated as 612mm with a standard deviation orf 178 mm. Total
annual precipitation blotted as both par 9raphs and as a curve of
cumulative departure from the annual rainfall mean ip Fig. 1 confirms
the variability of the rainfall, a period of above average rainfall
commenced in 1974/75 and since then below mean rainfall was only
experienced in 1978/79, 1981/82 and 1982/83.

The natural vegetation cover of mainly pure grassveld types .

has been extensively modified by man in the southern area of study.
Original vegetation has been replaced by arable lands and some
grasslands. The main 'dry farming' Ccrops being maize, sunflower and
sorghum. Where irrigation is bractised additional Crops are
lucerne, grass, wheat and marker Vegetables,

GEOLOGY

Only I1imited geological mapping was carried out during this investigation,
Exploration drilling was commenced to : delineate the southwards extent of
the dolomite; brovide information on the Karoo cover and confirm dyke
positions,

The distribution and relationship of the rock units present are shown in
Enclosure 1 and 2 and Figures 2 and 3,

The Lichtenburg area forms part of the south-western flank of the Central
Transvaal Basin., The Transvaal Sequence, represented in the studied area
by the Black Reer Quartzite Formation and the Malmani Subgroup, rests
unconformably on an eroded surface of lavas and sediments of the Ventersdorp
Supergroup Rocks of the Transvaal Seguence dip gently northwards, up to lOo,
and despite widespread fracturing, followed by partial silicification and
dyke intrusion have suffered only minor structural disturbance. Lying
unconformably on the older rocks are argillaceous sediments of the Karco
Seguence. Younger surrace deposits of calcrete, gravel, alluvium, chert
rubble and red socils obscure much of the solid geology.

3.1 VENTERSDORP SUPERGROUP

Allanridge Andesite Formation

G35009 and 35010 all encountered lava under a cover of calcrete and

clay. The deep exploration borehole U923, original number L1, (von Backstrém

et al 1952) encountered lava at a depth of 785m, under a cover of
dolomite, before drilling was stopped in Jlava at 1131 m.




In appearance the fresh lava Varies between dark 9reen-black, fine- to
coarse grained varieties and 1ight green, medium grainped. Amygdales
of calcite and Jjasper are Sporadically developed. Tuffaceous zones
are also present.

TRANSVAAL SEQUENCE

3wl

Black Reer Quartzita Formation

This formation does not outcrop in the study area. Examination

O exposures in the slurry guarries of Pretoria Portland Cement

Co. (Pty) rLtq. {Lat, 25050'5., Long. 25049'E). indicates that

the upper part of the Fformation consists of some 10m. of brown
~grey weathering mudstone (fresh,blue—black) with interbedded

thin grey-green siltstone and guartzite horizons, underlain by

a blue-coloured massively bedded quartzite (more than 1,5 m thick).
Exploration borehole G35009, Fig. 5 and Appendix 2, benetrated

Townlands_Z?_IP.

Chuniespoort Group

formations of the Malmani subgroup (thhostratigraphic terminologg
as of S5,A.C.S. 1980) namely the Oaktree, Monte Christo and
Lyttelton Fformations are represented in the studied ares, These
formations are dominantly chemical sedimentary rocks composed

of magnesium and calcium carbonates (dolomite),

Oaktree Formation /

The Oaktree Formation is dominantly a dark coloured fine~grained
dolomites, boor in chert and comparatively rich in iron and
manganese (Davies and Prevost 197g). Mudstone layers/lenses

dre comparitively common throughout the formation eg. borehole
log G35145, Fig, 7 and Appendix 2. an east-west striking &Ehert

marker horizon exists 3/4 of the way up the succession and is

colour, mediumto coarse grained, rich in chert and comparitively
boor in iron and Mmanganese e.g. borehole logs 635002 ang G35008
Fig. 4 and Appendix .2, Mudstone bands are bresent throughout,




353

Lyttelton Formation

Crops-out in the north of the studied area and consists mainly
of a chert - poor, dark grey, fipe- to medium grained dolomite
rich in iron and manganese. Mudstone layers are bresent.

KAROO SEQUENCE

Geological logging of brivate boreholes €g Dd 105, Km 135 and Km 136 (Appen-
dix 1) and pd 115 (A. G.c,, 1974) and the recently drilleqd exploration
boreholes G35001, G35009, G35010, G35017, ¢35030 and G35145 (Appendix

2, Figs. 2 to 7) indicate that & maximum thickness of Some 30m of Karoo i
clays is present above the dolomite and lavas Red colour banded mudstones
bredominate but grey mudstones, sandstone and siltstone also cccur. Boul-
ders of quartzite, dolomite and chert in a mgtrix of grey mudstone areo
exposed in a railway cutting at latitutde 26 09'15"5, and longitude 26 11'19"
.

TERTTARY TO RECENT DEPOSITS

Alluvial gravel - these deposits are occasionally stratified, usually
very clayey and locally attain thicknesses of over 20m. The distribu-
tion of thick gravel deposits ig related to solution of the underlying
dolomite bedrock, de wit 1981 and Stettier j979.

Calcrete - over 20m thick is locally developed on Dudfield 355p eg.
borehole logs G35018 and pd 105. Gravels and bebbles, mainly of
dolomite and chert, are common within the calcrete, A4 Progressive

Alluvium - is found in spring and Seepages areas and along stream
courses. Deposits consist mainly of black organic clay, €g. log G35145,
up to several metres thick. The organic material, locally compressed to
peat, being derived from decomposed Stands of reeds (Von Backstrém et
al, 1952),

Residual chert and regd soil - are extensively developed over much of
the chert-rich dolomite. A thin cover of red silty sandy soil usually

G35028).




3.5 DYKES

to take account of recent findings by Cogho, Taylor and Newmont S.A4,
(Pty.) Ltd. (pes. comm. R. Smith).

Three basic trends of magnetic dyke are recognised
- EW.E. to W.5.w.

- N.N.W, to S.5.E., and-

- N.E. to S.W.

Throughout the Lichtenburg—Zeerust area the E.N.E. to W.5.W, dykes
are better developed as régards frequency and length (Day, 1981)
with NNW to SSE trending dykes often been intruded en-echelon.

Survey (Davies & Prévost 1978, Stettler 1879) and Ffrom this investigation
indicate that the ENE to WSW and NNW to SSE trending dvykes drilled

are composed of diabase. Borehole logs G35006, G35011 and G35014 reveal
that up to 27m of yellow-brown clay(decomposed diabase) are developed
above,(fup to 14m)weathered and fractured diabase before fresh green—
black diabase isg reached at depths of 24 to 4im.

Diamond drilling by the Geological Survey, through the Grasfontein
dyke encountered a sheared and silicified zone at a depth of some
120m (pers. comm. Stettier) {

different, borehole logs G35019, G35024 and G35025. Dyke material
breaks down into a light greenish clay up to 28m thick containing
globules of Serpentinite. Thisg Clay covers up to 14m of serpentinised
weathered dyke material before fresher though still partly altered,
byridbene-rich diabase 1is reached at depths of 40m plus. Sills and dykes
of similar composition occur elsewhere in the Transvaal dssociated

with the Bushveld intrusion (pers. comm. F. Waalraven, Geol. Surv. )

From an examination of lingation relationship and detailed magnetic
grids over dyke Iintersection Day proposed the following Provisional
age relationship between certain dykes in the study area

A LICHTENBURG DYKE

ELIZABETH IT
DYKES
GREEFFSLAAGTE AND STRYD DYKE CONTEMPORARY

( BLAAUWBANK AND PAARL DYKE CONTEMPORARY T ELTZABETH
|" GRASFONTETN DYKE Zi

Youn gt e

HENDRIKSDAL ¢+ WITKLIP/ZOMENKOMST DYKES COMTEMPORARY ?




LY

It is infered that all] dykes are pre-Karoo though there is a
possibility that the Lichtenburg dyke may be post-Karoo,

3.6. QUARTZ VEINS

In the north of the studied drea positively weathering NNE to SSi
trending quartz veins occur. There apparent disappearance to the south
is probably related to a thicker development of residual soils and
chert rubble obscuring outcrop. Some of the non-magnetic lineations
may represent quartz veins. On Welverdiend 361 JP g quartz vein crops
out along the some trend and some one kilometer further north than the
disappearance of the magnetic anomaly associated with the Witklip dyke.
On Elizabeth 357 JP the Grasfontein dyke is apparently displaced by a
silicified fault zone. The centres of silicification are usually
composed of massive and crystalline guartz, flanked by vuggy gquartz and
Zones of leached silicified brecciateal dolomite and chert, Thicknesses
vary from more than 15m to less than 3m.

3.7 FRACTURES

Major dyke directions and quartz veining correlate closely with
joint directions within the Malmani subgroup and also with present
day regional stress fields in the study area(Day 198]),

to recognise and Dbrove.
GEOPHYSICS

The location of all documented geophysical work is shown in Enclosure 2.

Some typical dyke anomalies broduced by this fielld investigation are Presented
in Fig. 8. Raw data and & complete set of magnetic profiles are collected

in GHP envelope no 666, :

The aims of the geophysical study were

- to accurately delineate certain dykes in the study area, with a view to

= ascertain the width, depth of burial and inclination of these dykes,

- to locate sites Ffor the test drilling of certain dykes, and -

- to investigate certain photo lineations to determine their magnetic
character,

magnetometer (Model G3) were carried out and two magnetic traverses using
the Gionics electromagnetic instrument. A planned gravity survey to detect
residual gravity lows within the dolomite was never realised.

Due to a lack of definite, information on the magnetic Susceptibility of the
dyke material extensive computer modelling of the field magnetic data has
not been carried out, However, information on dyke width, depth and
inclination as bresented in Day 1981 has been included. Dyke interpretation
methods pres ume uniformly magnetised, flat-topped, semi-infinite, parallel
sided slabs with no remnant magnetisation. Dyke width estimates are related
to assumed values of magnetic Susceptibility. Depths to magnetic material
must be regarded as minimum depths only as residual magnetite is generally
bresent in the clay above fresher dyke material,




RESULTS

Elizabeth and Elizabeth Il dyke - the bosition of this near vertical,
horth-south trending dyke was detected by magnetic traverses spaced some
500m apart, These dykes cause small scale symmetrical positive anomalies

of some 60 nT (see Fig. 8 profile CT/82/O48)clearly standing out in a

flat background magnetic field., The en-echelon nature of the dyke intrusions
was confirmed on Ia Rey Stryd 5310 and Hendriksdal 1TP and a previously
unrecognised section was detected on Dudfield 35 IP. Interpretation

of a profile on Greeffslaagte 331P indicates a width of 47m and a depth

of 24m (Day, 1981).

Grasfontein dyke - near vertical dyke, trending ENE to WSW causing a large
positive anomaly of between 100 and 500 nT. A noticeable drop in
background magnetic values across the dyke with values on the northern

CT/82/048). -Ground magnetic traverses confirm that this dyke is dispiaced
by the silicified fracture on Elizabeth 357 JP,

Interpretation of dyke anomalies on Grasfontein 356 Jp by de Wit (1981)
gives width estimates ranging from 18 to 28m and a depth to magnetic
material of 6 to 9m. Stettler (1979) calculated the width on
Ruigtelaagte 353 JP as 37m with a depth of l4m. Exploration drilling by
Stettler and NeWmont S.A. (Pty) Ltd (pers. comm. R. Smith) suggests that
fairly fresh diabase material is encountered at depths of 20m.

Zamenkomst dyke - a near vertical, NNW - SSE trending dyke with a sharp
positive anomaly of over 600 nT in places (Fig. 8, profile CT/83/080).

Dyke parameters for Ruigtelaagte 353 Jp. are widths ranging from 36 to 43m
and depths varying between 13,5 and 18m (Stettler 1979). Exploration bore-
hole G35014 encountered fresh diabase at 24in on Zamenkomst 4Ip,

Traverse CT/83/065 confirms that the Zamenkomst dyke does not continue
southwards to intercept the Blaauwbank dyke. |

at a depth or 42n;.

Hendriksdal dyke - a NE-SW trending dyke with a low scale magnetic
anomaly, less than 70 nT, (Fig. 8 profiles CT/83/081 and

CT/83/088). Modelling by Day for a profile on Uitgevonde 355 Jp produced

a width of 22m and a depth of 8m, Driilling of the dyke revealed
serpentinisation of the PYyroxenes a process which broduces secondary
magnetite, Borehole logs (G35019, G35024 and G35025) indicate on Hendriks-




Greeffslaagte dyke - a near vertical dyke, trending ENE-WSW and forming

a large positive anomaly of some 500 nr. (Fig. 8, profile Cr/83/075). -

A sharp step of some 300 nT is present across the dyke with a higher baci-
ground magnetic field to +the north. Dyke parameters as estimated by Day
(1981) are

~ Greeffslaagte 33 IP width varying from 72 to 81 m and depths from 28

to 41m.

- Lichtenburg Townlands 27IP, width 45n, depth 25m.

Borehole G35006 benetrated fresh diabase at 31m,

Blaauwbank dyke - this near vertical ENE-WSW trending dyke produces

a similar anomaly to the Greeffslaagte dyke with a positive anomaly

of some 500 nT and a decrease in background magnetic values of some

100 nT to the south of the dyke. Exploration drilling by the

Department of Environment Affairs on La Rey Stryd 53 I0 - boreholes

DAN092 to D4N095 ind. and 259 - revealed that the Blaauwbank dyke

was more than 50m wide (but less than 135m) and that some 16m of clay was |
benetrated before weathered diabase was encountered,

Non-magnetic lineations

Several photo lineations were investigated magnetically. No distinct
magnetic anomalies were detected within the generally high background
noise levels of plus and minus 10 nT.

Electromagnetic brofiles EM/83/01 and EM/83/02 were carried out on
Lichtenburg Townlands 27IP near bhorehole G35005. The traverses detected
a broad zone of conductive material coinciding with the topographic
expression of the photo lineation i.e. the depression within which
G35005 was drilled,

GEOHYDROLOGY

Information on the basic geohydrology of the studied area was collected

from : |

- borehole survey aimed Primarily at assessing current ground water abstraction '

and measuring water levels,

=~ Spring and stream Flow measurements,

- exploration drilling and the monitoring of brivately drilled'borehdles,

=~ bump testing of certain boreholes,

~ ground water sampling brogramme and the

= compilation and reinterpretation of existing data, including water level
records.

This study provided the basic parameters for the ground water balance budget
calculation. The information acquired will be useful Ffor any future computer
simulation of the dolomitic aguifer.

5.1 BOREHOLE SURVEY

Lichtenburg which have pbrovided relevant information have been shown., A
complete list of farms surveyed is presented in Appendix 1 along with
the raw data collected during the borehole survey.,
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Borehole Statistics

Within the study area some 750 boreholes and well points were
located of which some 75% are registered with the Permits section
of the Department of Environment Affairs (Fig. 9}, Some 60%

of the total number of boreholes in the area were bumnped over the
period 1981/1983. OF the 440 boreholes in use 75 (17%) are

being heavily bumped. Of the 440 boreholes 3% are used to meet
irrigation demand, 3% for municipal needs and 1% Ffor industrial
requirements.,

Some 790 ha (or 1,6% of the study area of 500 km2) were irrigated
over the 1981/82 agricultural season (830 ha 1982/83) on 7 main
cadastral farms (Fig. 10) viz : Dudfield 35IP, Elandsfontein 341P,
Greeffslaagte 33IP, Houthaalboomen 31IP, Houthaaldoorns 2IP,
Klipbankfontein 26IP and Talene 25IP.

Th otal calculated ground water abstraction for 1981/82 was 11,5
10 m , which was used as follows

= 26% for irrigation,

— 23% for municipal use,

- 14% for industrial use, and the remainding,
= 7% for domestic and stock consumption.

Borehole yields and relationship to Geology

The distribution of strong yielding boreholes, j e, those used
for irrigation, municipal and industrial use, shown in Enclosure
1 clearly illustrates that the dolomitic rock is the productive
aguifer. Even under a cover of calcrete and Karco rocks on
Dudfield 35IP and Greeffslaagte 33IP high yielding boreholes

can be developed in favourable locations where leaching of

the underlying dolomite has occurred, generally above the

1480m contour line (Encl I8, Fig. 2 and 3).

Immediate yields from the dolomitic rock, including brecciated
chert zones, can exceed 70 I/s eg. borehole Lt 4. Strong yielding
boreholes are generally completed with 203mm casing to allow the
easy installation of 152,127 or 10imm diameter bump cylindersg
pumping rates are generally in excess of 20 1/s. Many strong
yielding boreholes, not designated as such in Enclosure 1, are
bresent within the main dolomite outcrop but because of poor or no
s0il cover cannot be utilised for irrigation. Exploration
drilling has confirmed that adjacent to dykes and within some
linear depressions, structually controlled pbreferrential

solution of the dolomitic rock has occurred developing highly
transmissive Fformation which yields strong supplies of groundwater
to boreholes e.g. G35012, G35028, Where suitable soils are
bresent within these structural depressions and an electric supply
is available heavy pumpage can occur eg. on Houthaalboomen SATPR,
borehole Hbi1l. Not all boreholes drilled into the dolomite have
good yields eg. G35016, G3502]1 and G35026, boreholes which do not
penetrate soluted or Ffractured zones below the rest water level
have negligible blow yields.
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Most boreholes benetrating the dolomite are generally shallow:-
i.e. less than 50m deep, and the main water intercepts are
commonly made at depths of between 20 and 35m.  While boreholes
drilled into the lower part of the dolomite formation ( the
chert-poor Oaktree) below the 1480m contour line, with or without
a cover of Karoo rocks and calcrete, generally have poor yields
irrespective of depths drilled, VYields of I 1/s may be considered
good and even these low yields are generally encountered within
the overlying calcrete eg. borehole logs G35009 and G35018, or
Karoo mudstone eg C3N035 but also occasionally within the Fractured
dolomite eg. C3N032, G35017. !

Boreholes within the lava have lIow yields. On Hendriksrust 36IP
limited irrigation is bractised from boreholes benetrating ap
upper productive weathered zone within the lava.

On Ruigtelaagte 353 JP the alluvial clayey gravels occasionally
provide good yields of groundwater (pers. comm. E.Stettler, Geol.
sSurvey and R. Smith, Newmont S.A. (Pty.) Ltd.).

Ground water abstraction

Some 4,5 106m3 pa 40%, of the estimated annual consumption

of the Lichtenburg area is gauged. A list of 60 major abstraction
points, including 12 belonging to Lichtenburg Municipality, that
require the installation of Flow meters is included in Appendix 1,

Monthly flow gauging of individual production boreholes has been
carried out by Anglo Alpha Cement (Pty) Ltd. on Dudfield 35IP since
1977 and by Blue Circle Cement (Pty.) Ltd. in Lichtenburg Townlands
27 IP from 1965. Since 1961 Lichtenburg municipality has maintained
records of the total volume of water sold. Irrigation borehole Gf5
is equipped with a Flow meter and ha& been gauged monthly since

June 1981. Records of the annual guantity of gauged groundwater

are presented in Appendix 1, tabulated monthly consumption figures
are available in GHP envelope no 666.

Abstraction For the other ground water consumers (Fig. 10 and
Appendix 1) has been estimated Ffrom information supplied by
individual farmers on irrigation schedules, pumping rates,

hecterage under irrigation and number of crops grown annually,

Where major irrigation is practised it has been assumed a cover

of 60mm of water is reguired every 10 days for a crop growing

period of 100 days, (pers. comm. - Agricultural and Technical
Services, Lichtenburg). Provided bump capacity is sufficient it

has been assumed that the 0,6 m of water per crop is provided solely
from groundwater. Obviously this might be an overestimation of
ground water pumpage for summer crops as rainwater undoubtable
provides some of the growing crops water reguirements. However

the major irrigators spray irrespective of rainfall as =
precipitation cannot be relied on to arrive at the optimum time within
the farmers irrigation schedule, particularly in years of below

mean summer rainfall., The fact that the water needs for the

large hecterage of lucerne have probably been under estimated at

1,2 m per year (for 200 day) perhaps balances the rfigures ror -
irrigation reguirements. Where pump capacity is clearly insufficient
to meet irrigation reqguirements of 0,6 m per crop abstraction has
been downwards adjusted to it a maximum pumping schedule of 10

hours per day, & day/week, 3 months ber year.
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Domestic and stock. requirements have been estimated using

farmers Figure Annual yields of wind pumps have been arbitarily
fixed at 250 nm overall results do not greatly affect the consump-
tion of ground water.

The total _apnual ground water abstraction for the area was approximatel
11,5 x 10 m™, during 1981/82 which was subdivided as follows

Irrigation boreholes &,5
Lichtenburg & Bakerville Municipal use 2,6
Anglo Apha (0,5) + Blue Circle (1,0) 1,6
Domestic and stock 0,8
. 3
TOTAL 11,5 lO6m

A comparison of the bresent irrigated area with that listed by
Mulder (1974) indicates that

- on De Paarl 54 10 irrigation has virtually ceased, breviously
300 ha.

— the irrigated area on Dudfield 35 IP has been drastically
reduced from 350 to 50 ha.

- irrigation on Klipbankfontein 26 IP has remained steady at
around 200 ha.

If farmers were to fully utilise their allocated irrigation hecterage
an additiona% 500 ha of land would be irrigated which would consume
on extra 3,10 m~ of ground water per annum (assuming one crop a year
at 0,6 m of water ber crop. The poténtial Increase in irrigation
area excludes any extension of irrigation on De Paarl 54 I0

(300 ha allowed Jand the Anglo Alpha options on Dudfield 35IP (225 ha),

5.2 SPRING FrLOW

The ten springs issuing from the dolomitic rock in the study area are
indicated in Enclosure 1 and Fig. 13, monthly flow readings on & springs and
One stream (MP.6) are shown in Fig. 11 and tabulated in Fig., 12,

The gogal extrapolated annual spring Flows for 1981/83 was calculated as
8 10°m~. Flows of over 50 l/s are recorded from the springs; Klipbank-

measurements of the Lichtenburg Spring have been made in the past, Hawkins

et al 1954, During this Investigations sites were selected for the installa-
tion of bermanent gauging stations as reported on in "Sites for measuring e
spring flow in the Vicinity of Lichtenburg" {Taylor, 07/12/1982). Spring
measurements using a portable 0ttt Flow recorder were instigated from June

1982 to May 1983, For Some springs 12 month records of Flow are available,
The springs and maximum flow rates recorded were:
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Elandsfontein 3471P

De 1a Rey - no flow
Elandsfontein - 3 1/s
Elandsfontein east - 9 l/s

Klipbankfontein 26IP

Klipbankfontein west - 29 1/s
Klipbankfontein central - 110 1/s

Klipbankfontein east ~ 25 1/s

Klipbankfontein no 4 - 5 1/s5 (visual estimate)

Lichtenburg Townlands 27IP

Aslaagte - 49 1/s
Lichtenburg Springs - 49 1I/s
Uitgevonden 3557P

Uitgevonden south - 26 1/s
Uitgevonden north - 70 1l/s

and seepage areas flow measurements were generally taken in man-made

canals some distance from where springs issue. Further difficulties on
estimating flow were caused by present day abstraction at De la Rey

spring, Klipbankfontein east, Lichtenburg spring and Uitgevonden south,
During the period of medsurements the weak springs on Elandsfontein 341P
ceased to Flow,

The Elandsfontein east stream was found to ‘be artificially caused by pump
Ef108 partially dewatering a roadstone quarry. The two springs on Uitgevon-
den 355JP result from ground water overflow at a dyke barrier, the Hendriks-
dal dyke, west of the dyke the springs dissappear recharging the dolomite

is below the ground water level (Fig.2). ‘The cover of alluvial and
Karoo clays prevents much of this water Seeping into the ground and
recharging the dolomite.

Information provided by local residents (W.B. du Preez, Klipbankfontein
20IP, W. Austin, Bakerville) indicate that the presently strong flowing
springs on Kliphankfontein and Uitgevonden did not (re) commence to flow
strongly till after the heavy rains of 1975 (see fig. 1), Supporting
evidence is provided by

~ ground water level and water charge maps (Fig. 13 to 17)

= comparision of aerial photographs Job no 493 (1963) and Jobnos., 754
and 759 (1975) where dry conditions and minor flow are observed
respectively

—~ farmers do not use the natural flow of springs within breviously
constructed irrigation cahals but pump directly from excavated springs,

- Some pumps installed on Springs are now submerged eg. KM44 while
other pumps have been raised eg. Ug. 1.




Insufficient spring flow records exist to form conclusions on spring
discharge fluctuations with rainfall, Fig. 11, indicates that for
the period of record, there was a steep decrease in spring flows until
- the end of 1982, thereafter spring discharges increased slightly.

GROUND WATER LEVEIL CONTOUR PATTERN

Contoured water level maps have been compiled for water level measurements
made during the following periods

- June 1959
= December 1971 to November 1974 ,
- June/August 1982, and
- April/May 1983

The 1982 survey utilised the largest number of measurements, viz_200
meterings corresponding to a density of 1 measurement ber 2,5 km, while
the 1983 survey had the widest aerial distribution of control points due
to

— recently completed drilling programme and
- drilling of measuring holes in pump base plates,

Water level contour maps, with 5m contour intervals, for 1971-74 (fig. 15)
and 1982 (Fig. 13) have been Dresented.other original maps are available

in GHP envelope no. 666. Raw water level data and levelled collar elevations
are contained in Appendix 1 and GHP envelope no 666.

Despite the wide spacing of control points in certain areas, noteably along
the bDudrield/FElandsfontein boundary and the lack of detailed information
across certain dykes eg. the Hendriksdal and Paarl dykes on Greeffslaagte
J3IF certain main features are evident. !

- there is a general ground water high in the centre of the study area
characterised by a virtually flat water level,

= within this central high a NE-SW trending ridge, or seperate mounds,
of higher water level are developed across the farms Zomenkoms €
4IP and Welverdiend 361 JP,

- Fig. 13 (1982) suggests that this central high can recieve ground
water recharge from the eastern area of Welverdiend 361JP.

— there is a general water movement from the central high in a southerly
and westerly direction.

- steep water level gradients of the order of 1l in 150 are developed in
the south of the area, within the outcrop area of the Oaktree Formation
Karoo Icay and calcrete.

= ground water seepage can Ffeed the tributaries of the Harts River on
Lichtenburg Townlands 27IP and Klipbankfontein 26IP.

= an abrupt drop in water levels, up to 20m on Uitgevonden 3557pP declining
to 10m on Hendriksdal 1IP, in a westerly direction across the Hendriksdal
dyke (Fig. 3). Exploration drilling on Houthaaldoorns 2IP confirms that
@ 20m vertical drop in water levels is experienced within a maximum
horizontal distance of 70m

= & 10m drop in water levels also apparently occurs in a north-westerly
direction across the Paarl dyke on Greeffslaagte 33IP and de Paarl 5410,

- an additional 10m drop in water level occurs across the Blaauwbank dyke
on Hendriksdal 1IP and ILa Rey Stryd 5310.

- a westerly drop in water levels of 3m is recorded across the Elizabeth
dyke on Elizabeth 357 JP.
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- 1983 water level] measurements (Fig. 13) indicate a l,7m drop, to the-
South, across the Greeffslaagte dyke on Lichtenburg Townlands 271IP,

movement of ground water, Virtually flat water levels within

individual dolomite compartments indicate that the dolomite is extensively
karstified and thus generally highly permeable. The sharp Steepening

Of water level gradients to the south indicate that part of the Oaktree
Formation, the Karoo clays and calcrete have relatively low values of
transmissivity.

CHANGES IN GROUND WATER LEVEL

Conclusions on water level fluctuations and thus changes in ground water
storage, have been made on |

- a regional scaie, from water level change maps, and
= a local scale, rrom monthly monitoring of observation borehole.

5.4.1 Wwater level change maps

3 maps have been presented viz

- water level change map June 1959 to June/August 1982 (Fig. 14),
- water level change map 1971/74 +to June/August 1982 (Fig. 16)
- water level change map June/August 1982 to April/May 1983 (Fig. 17),

Over the period 1959 to 1977 ground water levels rose and since
1977 (see section 5.4.2) have declined slightly,

The following conclusions are drawn from Fig. 14 and 15,

- water levels over the dolomite were at their lowest recorded in
1959 |

- large rises in water level up to 10m 1959 +o 1982, and 5m,
1971/74 to 1982, occurred within the dolomite outcrop area.
The highs being located east of Welverdiend 361JFP and Witklip
61F,

- large rises in water levels up to 8m (since 1959), on parts
of Dudfield 35IP, De Paarl 54710 and Greeffslaagte 331P, -
indicate the recovery of water levels after a decline in bumpage -
and substantial recharge,

- where heavy abstraction is practised on Lichtenburg Townlands .
27IP and Greeffslaagte 337P only small rises in ground water levels.
have occurred.
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- 1in the south of the area water levels rose from 1959 to 1971/74.
Subsequent measurements indicate a fall in water levels or no
real change. The substantial drop on part of Dudfield65§IP
may be accounted for by heavy evaporation losses (1,10°m~ pa)
and pumpage from standing water in gquarries,

Fig. 17 indicates

- water levels have fallen over much of the dolomite outcrop by
some 0,5m.

- where concentrated heavy abstraction is practised (and monitoring
points are available) as on Lichtenburg Townlands 27TP, Klipbank-
fontein 26IP, Greeffslaagte 33IP, and Houhaalboomen 31IP water
level drops of up to 4m have been recorded.

Ground water level observation

Within the confines of the studied area water level measurements
are made at 35 boreholes of which 31 are serviced by the Division
of Geohydrology. Eight boreholes are equipped with automatic chart
recorders, 19 with HWK meters and at 4 boreholes measurements

are made manually. Tabulated water level data for observation

wells is contained in GHP envelope no.666.

Regular measurements of water levels at purpose drilled observation
boreholes commenced Ffrom September 1975. Prior to the establishment
of the observation borehole network intermittent water level
measurements had been made since 1970 at several equipped private
boreholes. Lichtenburg Municipality has monitored water levels

in borehole C3N505 since 1960 and Blue Circle Cement (Pty) Ltd.

in their pumping boreholes since 1966,

Water levels at C3N505, adjacent to pumping borehole Ltll, gradually
declined from 13,5m in 1961 to 14,5 in 1965. When measurements
resumed in 1967 ground water levels had risen ta 13m and again
declined slowly to 13,5m in 1973. Water levels rose to 12 m in 1974
and to 8m in 1978 since then water levels have fluctuated -slightly
to stand at 10,3m. (May 1983). The increase in water levels

(3m from 1981 to 1983) is over a pegi d when abstraction ha56 3
steadily increased from some 0,8 10 m p.a. (1960) to 3,6 10°m p.a.
(1982).

Boreholes C3N013 and C3NQ1d4 (production holes) had steady water
levels at 3 to 4m over the period 1967 to 1974 whereafter water
levels rose by 0,5m, By March 1976 water levels had risen by over
3m and free flowing conditons existed at these boreholes during
March and April 1976 and again in February 1978. From 1978 to
1980 water levels fell to tom below collar and have since fallen
and remained steady at 5 to ém the lowest water levels recorded at
these boreholes.
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Froduction borehole C3N015 had steady water levels ranging
from 17 to 18m for 1968 to 1974 until a sudden rise occurred
during 1874 (to 13 - - 1dm) followed by stable water levels until
1980 when water levels fell to 17 m.

Ground water hydrographs, presented in Figs. 18 to 21 (ind.)
for the period 1975 to 1983 indicate that

- water levels mimic the general trend of precipitation when
expressed as a curve of cumulative departure from the monthly
rainfall mean.

- 1n early 1976 water levels were rising,

- water level peaks were experienced in 1977/78 and early 1981,
- wa?er levels were generally highest in early 1978,

- since 1981 water levels have been declining steadily.

- water levels are generally up to 2m lower than in 1975 however
Some water levels eg, D4N136 (Fig. 20) are up to 2m higher,

- time lags of between 2 and 12 weeks e.g. compare C3N032 (Fig.
18) and D4N140 (Fig. 21), occur in water levels rises after
heavy rainfall recharge.

- the steep fall and later recovery in water levels at borehole
C3N086 during 1982.83 (Fig. 20) is not noticeable on other
borehole hydrographs and is thus ascribed to pumping effects.

5.4.3 Conclusions !
The lowest and highest water levels. on record were experienced
in 1959 and 1978 respectively. Abrupt water level peaks occur
after periods of heavy sustained rainfall (e.g. 430mm from November
1977 to January 1978) and are followed by a gradual decline in
water levels. Water level highs were recorded during 1966/67,
1974/75 early 1976, early 1978 and 1981.

DRILLING PROGRAMME

The position of boreholes drilled are shown in Enclosure 1 and borehole
logs are presented in Appendix 2, Figs. 4 to 7 and complete logs in GHP

envelope no. 666.Rock chip samples are available for inspection at Pretoria
Head Office.

From March to May 1983 28 exploration boreholes were drilled by two
Rock Giant air percussion rigs supplied by Rustenburg Boring Inspecto-
rate. The total meterage drilled was 1164m of which 640 m was cased --
with mainly l1é65mm diameter steel casing., For 83 working days an
average drilling rate of 14m/d was recorded. A further two boreholes,

namely G35029 and G35145 were drilled for the Pretoria Zoological Gardens. ~.
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Despite early curtailment due to shortage of time, the drilling brogramme
achieved its major aims of -

" - locating the approximate position of the concealed contact between
the Black Reef Quartzite Formation and the Malmani Subgroup,

- bproviding information on the depth to and the lithology of unweathered
dyke material,

- monitoring any changes in ground water levels across certain dykes, namely
the Blaauwbank, Hendriksdal, Greeffslaagte, Witklip and Zamenkomst
dykes,

- providing sites for pump testing to enable estimates of potential
ground water movement through leaky dyke boundaries to be made.

- investigating non-magnetic Ilineations

- Dproviding additional sites for water-level measurements particularly on |
the Lichtenburg Townlands 27IP.

Drilling progress within the unleached dolomite, lava, calcrete and fresh
dyke material is rapid, with drilling rates of up to 6 metre per hour,

Difficult drilling were caused by the saturated clays (both Karoo and
decomposed dykes) which prior to casing block air vents in the drilling
bit with mud cake. The foaming agent - Drill foam B - was partially
successful in maintaining borehole side wall stability prior to the
installation of final casing. However in several cases it was necessary

to telescope the completion casing from 165 to 127 mm (diameter). Where
extensive leached zones are encountered within the dolomite rock eg. G35015
air pressure is lost and no chips are recoméred. A cable tool rig

is reguired to complete these holes.

PUMPING TESTS |

Pump tests were directed at solving the problem of estimating the guantity
of ground water Flow through the boundaries of the areas whers water
balance calculations were to be made.

Pumping procedures followed that described by Schafer (1980) for low
yielding formations. The saturated section of the boreholes were either
left uncased or fitted with perforated casing. Pumping was carried out
using a nominal 51 or 76mm diameter pump cylinder. Boreholes were rapidly
dewatered, less than 10mins, with the pumped water fed into a measuring
tank. The recovery of the ground water level was then monitored until
recovery was nearly complete.

The data collected enabled rough estimates of transmissivity (T) to be
made, the unit adjusted constant factor being 15,3, double checking was e
carried out utilising the Theis Recovery analysis (Kruseman et al1970)
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Plotted curves are presented in Fig. 22 to 26 incl., and all raw data
in GHP envelope 666. Despite some difficulties in achieving reasonable
. Straight line fits the following transmissivity values have been calculated.

DYKES

BOREHOLE DYKE SCHAFFER THETS RECOVERY

G35006 Greeffslaagte O,28.m2/d 0,32 m2/d

G35011 Witklip no it 1,34 m2/d

2 2

G35014 Zamenkomst 1,22 m /d 2,03 m /d
y : 2 2

G35024 Hendriksdal 0,13 m /d 0,11 m" /d

SOUTHERN BOUNDARY (lava/dolomite/Karoo/Calcrete) !

BORE HOLE SCHAFER THEIS RECOVERY
2 2
G35009 0,53 m”/d 0,58 m~/d
2 2
G35010 0,16 m /d 0,32 m" /d
2 2
G35017 0,38 m"/d 0,45 m"/d
2 B
G35018 0,48 m™/d 0,60 m~/d

An average T value of 1,04 m2/d was accepted for calculating the_general
leakage of ground water through dykes. A lower figure of 0,12 m /d was
assigned to the Hendriksdal dyke because of its clear dammning effects

on ground water levels (fig. 13). Where cdlcrete and Karoo clays cover ¥
lava and dolomitic rocks of the Oaktree Formation an average transmissivity |
value of 0,44 m /d was calculated.

For the boreholes tested the calculated T values predominantly reflect the
transmissivity of the individual water-bearing layers Iintercepted. Where
yields are comparatively high, more than 0,2 1/s, it is better practise

to plain case the saturated clayey, comparatively non-water bearing sections
of the borehole this would improve drilling speed and drilling conditions
and would enable the borehcle to be properly cleaned and would thus

enable the pump cylinder to be set to a greater depth with less risk

of clogging by clay and silt,

As initial recovery after pumping is very rapid (Fig. 22 and 23) and at early
recovery time cascading water Ffrom higher sections of the borehole make
measurement difficult with a conventional water level meter, it is

suggested that a pressure transducer coupled to a chart recorder should be

used. -

HYDROCHEMISTRY

As only a 1imited number of chemical analyses of ground water were availablée.
pbrior to this investigation an extensive ground water sampling programme

was initiated with the following objectives

- to assess the general ground water guality and potability, and

~- to ascertain if pesticide and herbicide residues were present within
ground water in areas of major irrigation.
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Thirty-one borehole water samples and one spring water sample were
.collected and analysed for major element composition. Five litre

water samples were collected in March 1983 from three boreholes, namely
Dd20, Gl2 and Hs 6, for residual pesticide and herbicide determination -
but as yet have not been analysed by the Institutde for Hydrological
Research due to difficulties experiencing in acquiring formulation of
certain products.

The distribution of the sampling sites are shown in Enclosure 2 while
the results of chemical analyses are tabulated in Appendix 3, To facili-
tate comparisons of water chemistry, sample analyses reported in mg/l
were converted to milli-equivalents per littre (meg/l) and were

plotted on the accompanying Durov  diagram, Fig., 27.

Most ground waters are of good guality and apart From low Fluoride
levels (minimum recommended 0,7 mg/l) and locally high nitrate concen-
trations satisfy the drinking water criteria of the South African
Bureau of Standards (Kempster et al 1980).

Ground waters are typically hard to very hard, moderately alkaline
(maximum field pH 7,7) with a total dissolved solid content ranging
from 280 to 560 mg/l.

Over the dolomitic rock outcrop water are predominantly calcuim and
magnesium bicarbonates with Ca/Mg ratios of 1. Close to natural
discharge areas, on Elandsfontein 34IP, Klipbankfontein 26IP and
Lichtenburg Townlands 27IP, calcuim precipitation occurs and ground
water types are magnesium bicarbonate with Ca/Mg ratios as low as
0,4. Ground water from the calcrete and Karoo clays overlying

the lava and dolomitic is dominantly a Calcium bicarbonate type,
Ca/Mg ratios as high as 1,9 with an increas'ing chloride percentage

within the anion field.

Low total dissolved solid content combined with low chloride/bicarbonate
ratios and low sulphate content all indicate that most ground waters
are of fairly recent origin. The hydrogen sulphide gas released

from ground water in the Witklip dyke, borehole G35011, during pumping
suggest that ground water is there comparitively old and that little
water movement within the dyke is taking place. . '

AQUIFER AND AQUIFER DEVELOPMENT

Primary and secondary agquifers occur in the Lichtenburg area. The most
important agquifer present being the Karstified cherty dolomite formation
(including brecciated chert).

The Ventersdorp lavas with the mudstones and guartzites of the Black Reef
Quartzite Formation are only water-bearing in their uppermost weathered zones
and from fractures where secondary openings have been developed. Where these
formations underlie the dolomite they may be regarded as virtually impermeable
and would thus constitute a base level +o any solution within the dolomite.

Karoo mudstones and clays are poorly water bearing and Function primarily as
an aquiclude. Where well developed they cause aguifer conditions in the
underlying lavas and dolomite to switch Ffrom unconfined to semi-confined

or semi-unconfined,
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Due to primary porosity and some secondary porosity caused by carbonate
solution the calcretes are marignally water -bearing with unconfined
conditions prevailing. Where saturated calcrete directly overlies weathered
chert rubble and dolomite there would appear to be a direct hydraulic
connection. (A.G.C. 1974).

_ Over most of the area the surface deposits, with the exception of calcrete,

" are unsaturated therefore they do not have signifance as aquifers but are
important from the view of influencing infiltration from brecipitation. Excep-
tions are

- recent alluvial clay causes local confinement of the dolomite on
Klipbankfontein 26IP eg., boreholes Km 6 and Km 118 fluctuating free
flowing conditions,

- east of the Hendriksdal dyke the deeper gravel deposits are saturated
water level measurements by Stettler (1979) indicates that the gravels i
are in direct hydraulic continuity with the leached dolomiticaquifer,

Boreholes drilled within dykes have obtained blow yields of up to 0,8 1/s
(G35011) from weathered and fractured diabase. However the main importance
of the dykes in the study area is related to their ability tec control

the free movement of ground water,

6.1 MALMANI SUBGROUP

The massively bedded and well jointed formations of +he Malmani
Subgroup are composed essentially of calcium and magnesium carbonate
rocks i.e, dolomite (average CaQ = Mg0 ratio of 1:0,67, Brink et al
1965) with up to 20% silica i.e. chert (occuring as both continuous
sheets and nodules) and with mudstones being particularly common

in the lower part of the subgroup. {

Carbonate rocks are susceptible to corrosion and solution (Karstification)

by infiltrating mildly acidic meteoric water which preferentially [
penetrates the dolomitic mass along joint surfaces and fracture places |
thereby enlarging openings and developing secondary porosity., Insoluble
residues of chert, guartz, clay minerals, oxides and hydroxides of iron

and maganese ( wad) remain. This residual mass when undisturbed as in

caves, is highly porous and compressible. With brogressive sclution

of the dolomite and the lowering of the ground surface a mantle of

weathered material, virtually in situ , covers the dolomitic bedrock,

Active carbonate solution is concentrated immediately below the ground
water level in the phreatic zone (Brink et al 1965). Relict leached

areas in the vadose zone with access to percolating rain water develop
depositional features viz., travertine deposits, stalagmites, stalactites
etc. lowering of water levels can cause collapse of the rock cover

above a leached or cavernous zone and sinkholes to develop. = *

Morphological features related to extensive karst development are
bresent within the dolomitic outcrop north of Lichtenburg, These features
include

- the presence of numerous depressions and sinkholes, both old and recent
and of varying sizesand depth. (see Enclosure 1)
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- lack of surface drainage

- the disappearance of both the Uitgevonden South and the Uitgevonden
North spring after crossing the Hendriksdal dyke on Uitgevonden 355JP,

~ the extensive development of red soil (terra rossa) and residual chert.

In addition excavations for alluvial diamonds has revealed numerous
small scale karst Features including lapies yamas and occasional caves
(de Wit 1981).

Within the studied area a marked correlation exists between sinkhole
development and depressiomswith structural features (Davies & Prévostl978).
This is the result of the development of initial surfaces depressions and
possibly tributary drainage above joints, bedding plane openings, faults
and fracture zones (sometimes silicified and often dyke Iintruded), which |
results in areas of surface run-off concentration which in turn increases
local infiltration and solution of the carbonate bedrock along the
openings (Milanovic 1981). By this process major karst channels

and water conduits have been developed which are in turn fed by more
numerous thinner fissures draining the adjacent areas of dolomite

rock. Subsidence above the major conduits results in the accumulation

of chert breccia rubble covered by red soil whi¢h is characteristi-

cally found adjacent to the ENE-WSW trending dykes in the Lichtenburg
area. Due to comparatively good drilling success within the main area

of dolomite outcrop very little information is available on the fractured
and leached properties of the dolomite more than 50 m below ground level,

Recorded information suggests a maximum depth of leaching of 56m, 1443 amsl,
on Grasfontein 356JP (de Wit 1981, boreholq’ no.3) and 38m, 1460 amsl.,

at Ltll on Lichtenburg Townlands 27IP which correspond to saturated
thicknesses of 28m and 27m respectively. The low yielding exploration
borehole G35022, Houthaaldoorns 2 IP, penetrated a leached zone

infilled with honeycombed chert and secondary  calcium carbonate

deposits at a depth of 47m, 1465 amsl, with a saturated thickness |
of 29m. The private strong yielding borehole EF 68 was apparently :
drilled to a depth of 138m (1365 amsl) however no information on water 3
intercepts are available. P

As a result of poor water yields from the southern area, generally below
the 1480m contour line, deep boreholes penetrating into the dolomite
(Oaktree Formation) have been drilled. Records exist for 12 boreholes
drilled between 90 and 153m deep. The general low yields suggest

that the dolomite has not been extensively fractured and leached.
However the good yields encountered by Km118 (depth 91m, final elevation
1389m) and Dd 111 (depth 11im, elevation 1366m) indicate that fracturing
and solution is sporadically developed.

Ground water conditions within the dolomite are generally unconfined
though transitions to semi-confined and semi-unconfined conditions
occur. Certain diabase dyke influence natural ground water flow and
have a caused a degree of compartmentalisation within the dolomite.

Due to lateral inhomogenietics within the dolomite aguifer and pronounced
anisotropic conditions a wide range of transmis§ivity values is
encountered ran igg from a low of less than 1 m /d to a high probably

in excess of 10" m /d along certain major conduits (compare borehole

logs G35023 and G35028, Appendix 2).
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GROUND WATER POTENTIAL

-
In order to ascertain whether the brimary ground water consumess such

as Lichtenburg municipality could safety increase ground water abstraction
the exploitable ground water potential of the following dolomitic areas

_has been estimated using a ground water balance budget

- Lichtenburg/Bakerville area (Fig., 17)

- Lichtenburg 'Klipveld' area (Fig. 28)

It should be noted that

- water lIevels are at pbresent comparitively high and,

- few parameters._in the ground water balance budget can be directly measured

thus calculated figures are estimates only, where applicable attempts
have been made to err on the conservature side.

The applied ground water balance equation is as follows

Ground water inflow + infiltration from rainfall + return infiltration from
irrigation equals surface outflow + ground water outflow + pumpage + direct
evaporation from standing water + evapotranspiration - change in ground
water storage.

7.1 LICHTENBURG/BAKERVILLE AREA (Fig. 17)

This is defined as a 338km2 area enclosed by the Elizabeth, Hendriksdal,
Grasfontein, Zamenkomst/Witklip dykes and to the south by the Black

Reef Quartzite Formation. ;

7.1.1 Ground water budget ' |

Over most of the area dolomitic rock outcrops is covered by an
unsaturated cover of residual soils and alluvial gravels

while over some 35% of the area dolomitic rock is covered by .
partially saturated Karoo clay and/or alluvium and/or calcrete.

The near impermeable Hendriksdal dyke with its sharp water level 3|
step, forms a natural barrier in the north-west of the area,
permitting water movement from the area only. With present day
ground water levels, ground water is assumed to be able to move
freely through the other dyke boundaries similarily within the
Lichtenburg/Bakerville area free movement of ground water is
assumed to be possible across all dykes, despite some evidence
of a step in ground water levels across the Greeffslaagte dyke
on Lichtenburg Townlands 27IP. =
Rainfall recharge will be calculated as the unknown in the
water balance budget.




Ground water inflow

Ground water levels (Fig. 13) suggests that ground water movement
into the compartment occurs through the eastern boundary, i.e. the
Witklip/Zamenkomst dykes, between the Blaauwbank dyke in the
south, and the Grasfontein dyke, in the north.

Assuming an average dyke ‘transmissivity of 1,04 m2/d {sectior5.6)
for a measured length of 8 km thenﬁtge annual ground water
movement is of the order of 3,0 10"m~ (see Appendix 5 for water

balance calculation).

Return infiltration from irrigation

3 . ; ; ; ,
Some 5.5 106m of ground water is being applied to silty and

sandy soils for irrigation. It has been assumed that irrigation
is efficently managed and that no return of irrigation water to
ground water takes place.

Surface outflow

From Fig. 12, excluding the discharges of the Klipbankfontein
springs, the average gauged flow of the springs draining the
Lichtenburg/Bakerville area is 137g53l/5 which is eguivalent to
an annual discharge of some 4,3 10 m .

Ground water outflow

Water level measurements indicate that ground water outflow
from the area occurs through the following boundaries

- Hgndriksdal dyke, utilising a transmissivity value of 0,12
m~/d (section 5.6) and an effective megsgred length of
15,75 km, an annual leakage of 0,69 10 m~ can be calculated.

- Southern boundary, where dolomite/quartzite/ lava are overlain
by a cover of cglcrete and Karoo clays. Using a transmissivity
value of 0,44 m /d for-aﬁbgundary length of 23km gives an
annual figure of 3,69 10 m™ .

- eastern boundary, between the Klipbankfontein west spring in the
north and the Black Reef Quartzite FormaEion boundary in the
south. Using a transmissivity of 0,44 m /d due to a thick
cover of Karco clays over the Witklip dyke, and a boundgrg
length of 5,75 km produces an annual leakage of 0,92 10 m
towards the Harts river.

; 6 3
By summing 0,69, 3,69 and 0,92 10 m the angugl ground water
outflow from the area is calculated as 5,3.10 m . =

Pumpage

The total estimated ground water agsgraction from this area,
for the period 1981.82 was 10,0.10 m~ (Fig. 10) of which
only 45% was gauged (section 5.1.3).
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Direct evaporation from standing water

Ground water is exposed in some lkm2 of cement and roadstone
guarries principally on Lichtenburg Townlands 27IP. Records

of average annual evaporation for the evaporation station

C3EQ3, Barbespan, after the appropiate adjustment for evaporation
from open water surfaces (see Appendix 5), indicate an

annual §verage potential evaporation of some i,7m per annumé

For 1lkm of open water an annual evaporation loss of 1,7.10m 1is
calculated.

Evapotranspiration

Following Cogho (1982) the lower limit of evapotranspiration

was set at a ground water level of 5m a reasonable depth considering
the lack of extensive tree cover over much of the region. During 1981/
82 33km , mainly on the farm Elandsfontein 34IF, Klipbankfontein 25IP
and Lichtenburg Townlands 27IP had water levels of less than 5m.

The average annual rate of evapotranspiration was guess estimated !
at 1,2m, 70% of the average annual_open water _evaporation losses
of 1,7m. (Wilson, 1974). For an area of gjgm this gives an
annual evapotranspiration loss of 39,6.10°m".

Change in storage

For an initial ground water balance equation average figures have
been entered, where possible, and it assumed steady state conditions
prevail with no change in storage,

Water Balance Budget

) % of total

INPUT ‘ ‘
. 6 3 ‘
Ground water inflow '3,0.106m3 p.a. 5%
Infiltration from rainfall 57,9*%10 m p.a. 95% .
5 3 i
60,9.10 m p.a. 1
|
OUTPUT
6_3 .
Surface outflow 4,3.106m3 p.a. 7%
Ground water outflow 5,3.106m3 p.a. 9%
Pumpage lO,O.lOGmS p.a. 16%
Direct evaporation 1,7.106m3 p.a. 3%
Evapotranspiration 39,6.10 m p.a 65%
3

* Infiltration from rainfall

In order to balance the water budget presented above, with no

change in ground water storage a rainfall recharge of 57,9 10 m p.a.
is required. FEquivalent for an area of 338km to an annual cover 3
of 171lmm. Which represents 28% of the 50 year mean annual rainfall
figure of 612mm. If currenf-g;aporation and evapotranspiration

losses are substracted the net recharge is 9,5% of the mean

rainfall,
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Reasonable estimates of the parameters in the water balance
equation have been made.. The main difficulty being to
guantify evaporation losses (a possible 65% of the output)
which greatly influence any rainfall recharge calculations.

Mulder (1974) utilised a net annual rainfall recharge of 8% (no
evapotranspiration calculations) for the Grootfontein compart-

ment compared to 11% gross used by Cogho (1982). Results

from the West Rand indicate recharge values of 8 to 27% (Fleischer
1981) with the high values occurring only when dewatering operations
have created additional storage in the aguifer.

In comparison to rainfall recharge astimates produced for other
regions, a 28% infiltration rate appears at first sight to be
high but from field observations of the rapid drying out of
the dolomitic area after heavy sustained rainfall is found to
be reasonable. It is expected that recharge over the area
underlain by thick Karoo clays will be substantially Iless than
28% thus within the dolomitic outcrop average infiltration
rates will be more than 30%.

Any lowering of ground water levels in the south of the area will
reduce evapotranspiration losses.

Specific yield

The average specific yield within the area was calculated by
reworking the water balance equation using parameters for the
10 month period, July 1982 to April 1983, and including a
change in storage component. )

From the water level change contoyr map June/August 1982 to
April/May 1983 (Fig. 17) 0,280 km~ of rock was found to have
been dewatered (see Appendix 5 for calculations).

Ground water and surface inflows and outflows for July 1982 to
April 1983 were assumed to be constant at 10/12 of,, the annual
figure. Pumpage was assessed at 9,6 10 m~ (Appendix’ 5) as
irrigation is mainly during the months of May and June. Rainfall
was 434mm near full rainfall year, with an assumed infiltration
rate of 28%, however due to possible soil moisture deficits

and lower intensity & less frequencies of storms as compared to
an 'average' year actual rainfall infiltration was probably
less. _During April 1983 stgnding water was only exposed over
0,4 km~ and only some 28 km"~ had ground water levels of less
than 5m (see 1983 ground water level contour map, GHP envelope
666).

The water balance budget to solve the change in storage is formu-
lated as follows:

Change in storage = {input - output), where

INPUT
, 6 3
Groundwater inflow 2,5.106m3
Infiltration from rainfall 41,1.10 m
6 3
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OQUTPUT

6 3
Surface outflow 3,6.10 3
Groundwater outflow 4,4.106m3
Pumpage 9,6.106m3
Direct evaporation 0,7.106m3
Evapotranspiration 33,6.10"m
3
51,9.106m

6_3

Thus a negative change in storage of 8,3 10" m~ was experienced
over the period July 1%82 to April 1983. The volume of rock
dewatered was (0.280 km_ and as

specific yield = volume of water

volume of dewatered rock

then the calculated specific yield is 2,96 or approximately
3%,

It must be noted that the calculated specific yield is greatly
affected by the assigned values of evapotranspiration and
rainfall infiltration and is an average figure for the dolomite
and covering rocks throughout the water balance area. Local
values on particularly well karstified dolomite may be expected
to be significantly higher.

A comparison of the calculated yield of 3% with estimates for
dolomitic rock elsewhere in South Africa indicates a similar

order of magnitude. For ground water modelling of the nearby
Grootfontein compartment Cogho (l98é} successfully used a

specific yield of 3 and 4%. In the West Rand Fleisher (1981) calcu-
lated specific yields 1,2 to 4% while in the Sishen area specific
yields of 1,2% were estimated by Dziembowski (1982) Enslin and

Kriel (1967) determined that during dewatering operations within

the Venterspost compartment (West Rand) specific yield decreases
exponentially with depth, from 9,1% at 61m to 1,3% at ldénm.

Volume of ground water in storage cE

The maximum development of leached and fractured dolomite is up
to 30m below present ground water levels (section 6.1). Deeper
fractures and soluted zones undoubtable occur but have not been
included in the storage estimate because of a lack of information
in the deeper levels of the dolomite.

Storage calculations are made as follows

volume of ground water = specific yield (area x saturated
thickness) 6
= 0,03 (338.10 x 30)

Thus the volume of ground water in storage in the Licgtgnburg/
Bakerville area is conservatively estimated at 300.10 m , which
is some 5 times larger than the average annual rainfall recharge.

A T et i
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LICHTENBURG ‘'KLIPVELD' AREA

~This is defined as a 50 kﬁz area enclosed by the Greeffslaagte,

Witklip and Lichtenburg dykes with to the west the arbitary boundary
of western border of Lichtenburg Townlands 27IP. This area includes
the production borehole networks of Lichtenburg municipality and

Blue Circle Cement (Pty) Ltd.

7.

2

W1

Ground water budget

Over 90% of the area the dolomitic rocks are covered by permeable
residual deposits while over the remainder a cover of alluvial
clay and/or calcrete and/or Karoo clays is developed.

With present day ground water levels (see Fig.l3) ground water
is presured to be able to Flow freely through the dyke
boundaries.

The Lichtenburg dyke has been choosen for convenienw as the southern

boundary, no other significance should be attached to it, as it
occurs below a deep cover of Karoo clays (see Fig. 2).

Ground water inflow

Ground water levels (Fig, 13) suggest that the only ground

water movement at present into the area is through the Greeffslaagte

dyke. From the following water balance budget for steady state
conditions, for an average rainfall year it appears that there
iIs only minor ground water inflow (0,6.10°m p.a.) through the
area boundaries. ‘

Infiltration from rainfall

2 . '
For an area of 50km , mean rainfall of 612mm and reghgrge rate
of 28% (7.1.1) infiltration is calculated as 8,6.10 m

Surface outflow

From fig. 12 the average gauged spring fFlow for the L% gtenburg
springs and Aslaagte is 57,2 1/s equivalent to 1,810 m" p.a.

Ground water outflow

Water level contours (Fig. 13) indicate

- ground water movement thrqugh the southern boundary. A trans-
missivity value of 0,44_m,/d for a boundary lenght of 7km
gives figure of 1,12.10 m" p.a.

- ground water movement through the eastern boundary, between
the Klipbankfontein west spring and the Lichtenburg dyke, to2
the Harts River tributary. A transmissivity valye of 0,44 m /d
for a length of 2,5km is egquivalent to 0,40.10 m p.a.

3
The summed ground water outflow is 1,5.106m p.a.

Pumgage

, 6
The total estimated pumpage from the area is 4,2.10 m3 p.a. of
which some 85% is gauged.
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ith 3,5.106m3—p.a. being

on Lichtenburg Townlands

Pumpage is very much centralised
abstracted from an area of 0,8 km
27IP,

Direct evaporation from standing water

2 , ; ; ,
Some 0,2 km of standing water61§ exposed, allowing on evaporation
rate of 1,7 m/p.a. some 0,3.10 m. p.a. of water is lost.

Evapotranspiration

Ground water levels are within 5m of +the surface over Ly km2

of the area which fo n evapotranspiration rate of 1,2m/p.a.
releases some 1,4.10 m~ of ground water annually.

The ground water balance budget was solved #o estimate ground
water inflow into the area and the budget is as follows:

INPUT % OF TOTAL
; 6 3
Ground water inflow O,6.lO6m3 p.a. 7%
Infiltration from rainfall 8,6.107m p.a 93%
9.7
ouTPyT
6_3
Surface outflow 1,8.106m3 p.a. 20%
Ground water outflow 1,5.106m3 p.a. 16%
Pumpage 4,21106m3 Puds 46%
Direct evaporation O,3L106m3 pD.a. 3%
Evapotranspiration 1,4.10°m" p.a,. 15%
92

The above water budget suggests that the calculated rainfall
recharge of some 30% of average annual rainfall is of the

right order of magnitude. A lower rainfall recharge would
necessitate increased ground water inflow into the area aﬁd/or
decline in storage.

Volume of ground water in storage

Utilising a saturated aquifer thickness of 30m and a specific

yield of 3% (see sections 7.1.2. and 7.1.3) the volume of

ground water in storage is conservatively estimated at 45.10 m~ which
is some 5 times the estimated average annual recharge.

EXPLOITABLE GROUND WATER POTENTIAL b

Water balance budget calculations indicate a recharge rate of some 28%

of annual average rainfall and a specific yield of 3%.
highly favourable for

Conditions are
substantially increased ground water abstraction

from the dolomite aquifer,
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Within the Lichtenburg/Bakerville area bresent pumpage, concentrated

in the south, only accounts for some 16% of average annual

recharge. Large losses are incurred through evapotranspiration Ffrom

" shallow ground water levels in the natural spring discharge areas

on Elandsfontein 34IP. Lichtenburg 27IP and Klipbankfontein 26IP.
Considerable scope for additional increases in pumping exists, provided
the local aguifer conditions are sufficiently transmissive, and would
have the beneficial effect of lowering ground water levels and the
possibly adverse effect of reducing spring lgws. The large volume

of ground water presently in storage 300.10°m {30 times present
abstraction) after the recent succession of years of above average
rainfall (Fig, 1)can no doubt be successfully mined during a succession
of years of below average rainfall.

Ground water level observationS(section 5.4.2.) indicate that a
rapid recovery of ground water levels may be expected after renewed
heavy substained rainfall. Within dyke boundaries the dolomite aguifer H
is generally highly transmissive while at dykes boundaries locally

reduced transmissivity values are applicable, It is expected that

ground water mining, creating head differences across dykes, during

periods of below average. rainfall would induce substantial leakage

through the bounding dykes (1000m” /d per km),except the Hendriksdal

dyke, and through the dykes within the area attracting ground water

flow from the unexploited north to the south of the water balance

area. The highly transmissive nature of the dolomite allied with its

high storage and cover of calcrete and clays in the southern area

suggests that any sinkhole development would be minimal.

7.3.1 Lichtenburg "Klipveld"area

During the course of this investigaﬁion, Lichtenburg municigaﬁity
(population 20 000, 1981/82 ground water consumption 2,6.10 m" )
requested guidance on the proposed expansion of the municipa 3 |
borehole network to meet a projected year 2000 demand of 6.10 m
b.a. (Special Task Division Dept., Env. Aff. ).

Due to heavy demand over September-December 1982 ths municipality
had problems providing daily discharges of 13 000 m"/d (average
daily November consumption) from their recently equipped pumping
borehole network of 8 boreholes with a combined potential -supply
capacity of 34 000 m" /d, Rademeyer 1980. A drastic decline in
yield was experienced from pumping boreholes, unfortunately this :
|

cannot be guantified as boreholes are not equipped with water Flow
meters. The local plummet in water levels from July 1982 to

March 1983 is dramatically shown by hydrograph C3N0O86 (Fig. 20)
which is located 30m west of Lt 3 within the northern cluster of
boreholes. Nearly static regional water levels,the persistence {
of flow from Lichtenburg springs combined with continuing stroag
yields from the 3 Blue Circle Cement production boreholes

(pers. comm. van Tonder, Chief Engineer, Blue Circle) suggested -
that water levels were Iocally lowered, particularly in the northern
cluster around Lt 3, due to interference hetween the pumping
boreholes.(see borehole sketch Rademeyer, 1980). The water

level change map prepared For June/August 1982 to April/May 1983
(Fig. 17) does not indicate this centralised drawdown due to a

lack of local measuring points, before the drilling of exploration
boreholes and due to the fact that water levels had nearly fully
recovered by May 1983,
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The cone of depression on Lichtenburg Townlands 27IP (Fig. 17)

is centred on Lt 4 where continuous development pumping had been prac-
tised for some 240 hours. The shape of the ground water depression
suggests that production boreholes are connected to a north-south
major conduit(s) and which are fed by intersection joints of

lower transmissivity which form an effective drain within the

dolomite area.

It is possible that as a result of this accelerated draining
action a slight water step was created to the south of the
Greeffslaagte dyke. Rainfall recharge of the dolomitic catchment
accompanied by reduced domestic demand allowed water levels around
the production boreholes to recover.

Water budget calculations indicate that for a year of average
rainfall sufficient recharge should be available within the
Lichtenburg 'Klipvglg' area for pumpage to expang grom the
present day 4,2.10°m p.a. to a projected 7,6.10m p .a. by

the year 2000 (allowiggjonly Lichtenburg Municipality to increase
abstraction by 3,4.10°m” ). For a succession of years of

below average rainfall miniggBOf ground water from the high
storage (estimated at 45.10 m ) can tage3place with the dewatering
of Im of aguifer providing some 0,9.10 m of ground water. Any
lowering of ground water levels can expect to induce significant
additional ground water inflow, provided there is a negative

head difference ig gavour of the Klipveld area. A potential
inflow of 14,3.10 m p.a. has been calculated as follows.

3 G T
Grseffslaagte 2,8,106m p.a. (Length 7,5 km, transmissivity
im /d)
s 6_3 .
Witklip,dyke 2,4.10 m p.a. (effective length 6,5 km, Transmissi-
vity 1m /d)

Western boundary 9,1.106m3 p.3. (effective lenght say 5km
average transmissivity say 5m /d).

Proposals

Rgcommendations on achieving an average daily abs%raction'of 16 500
m [/d (year 2000) are made, Peak period demands can be met by
expanding pumping periods.

No additional abstraction boreholes should be established in the
traditional municipal borehole clusters namely around Lt 3 and Lt

20

Where possible the pumping rates of these boreholes should

be reduced. The decentralisation of the pumping boreholes will
confer the following benefits

more efficient pumping of boreholes, with -
more efficient use of rainfall recharge to the aguifer, and
maximisal ground water inflow recharge,

more efficient use of aquifer storage with

minimal sinkhole development risks
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Proposals to better utilise the ground water resources are
as follows (see Fig. 28)

- existing borehole cluster Lt 10, 11, 41 and 42 tota maximum
pumpingrate50 1/s for 12 hr/day will provide 2200 m /d

- existing borehole cluster Lt 3, 26, 27, 36, 37, 39 and 40 tqgtal
maximum pumping rate 100 1/s for 12h/day will provide 4300m” /d
Due to mutual interference of boreholes certain pumps can be
removed. Thus the total attainable yield 5rom existingésgurces
with minimal adverse effects is some 6500m /d or 2,4.10 m
p.a. approximately equal to present day requirements.

- the development.cf boreholss at Aslaagte Spring, Three or four
boreholes should be capable of providing 100 1.s equivalent
to 4300 m /d for a 12hr /day pumping period.

- the development of borehole53in the west,in the vicinity of
G35003. Three or four boreholes jgintly yielding 100 1/s
for a 12hr/day would provide 4300m~/d. The pumping of which
would encourage ground water flow into the area across the
arbitary boundary.

The development of these additional sources of sugply along wigh
existing supply points should provide some 1500 m /d or 5,5.10°m" pa.
After exploration drilling and development have been carried out and
pumping operations commenced, further recommendations can be

made after a suitable set of records has been collected. AfF this
stage it Is not anticipated that the municipality will have to

move further afield to more distant parts of the Townlands i.e.
between the Greefrfslaagte and Paarl dykes or the vicinity of G35028
to attain the volume of ground water required for municipal
consumption.

SUMMARY

The main findings of this investigation which have been commented on in the
report are

—- the previously inferred southern extent to the limit of the Malmani subgroup
has been partly defined

- the Black Reef Quartzite Formation has been drilled:

=~ over much of Dudfield 35IP and Elandsfontein 34IP Karoco clays/mudstones
underlie recent calcrete deposits.

- the positions of the Elizabeth/Elizabeth IT and Grasfontein dykes have
been located in the field using magnetic surveys -

- the following dykes have been drilled: Blaauwbank, Greeffslaagte,
Hendriksdal, Witklip and Zomenkomst.

- depths to fresh diabase varies from 24 to over 40m.
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the chert-rich dolomitic rock is extensively Karstified. Lack of -
karstification in the lower part of the Oaktree Formation { below

1480 m contour line) may be explained by the new development of karst
under a cover of Karoo clay or the subsequent erosion of the karstified
rock,

zones of preferential solution, with generally high transmissivity values
ars associatea with structural lineations

structural lineations are often dyke intruded and/or partly silicified.

some non magnetic lineations can be successfully identified in the field
using electromagnetic surveys.

within the 500 km2 study area some 750 boreholes and well points were
located. 1

: ; : 6 ;
ground water consumption in the study area is only some 11,5.10 m3, of which
56% is used for irrigation, 23% for municipal requirements and 14% Ffor

industry.

since 1974 the area of irrigated area land has substantially declined
in the west of the area.

average monthly spring flow 1982/83 totals some 250 1/s. The major
springs being Klipbankfontein Central and Uitgevonden North, In 1974

spring flow was minimal,

mean annual rainfall at Lichtenburg over the period 1932/33 to 1981/82
was 6l2mm.

the lIowest ground water levels were recorded in 1959
the highest ground water levels were recorded in 197§.
at present water levels are declining slowly but are still considerably |
higher (5m in places) within the dolomite than water levels experienced |

in 1974,

a period of heavy sustained rainfall (of the order of 350mm) is regu;red
to significantly recharge ground water,

ground water inflow enters the study area from the NE,

ground water outflow occurs from the NW, S and SSE parts of the area,

a 20m drop in ground water levels occurs in a westerly direction across
the Hendriksdal dyke. Small water steps are present across varts of the
Blaauwbank, Elizabeth, Greeffslaagte and Paarl dykes.

high water levels, allied with low topography and the near impermeable
Hendriksdal dyke cause the Uitgevonden north and the Uitgevonden south
springs to flow across the dyke before disappering into natural swallow

holes in the west. :

. 2
the transmissivity of the Hendriksdal dyke was estimated at 0,Ilm /d




- transmissivity values for other dykes being of the order of lm2/d

~ leakage through the southern boundary i.e. through dolomite and lava
bedrock under a cover of clay and_calcrete, was estimated using a
transmissivity value of some 0,4m /d.

- ground water are calcium and/or magnesium bicarbonate waters which are
hard to very hard and moderately mineralised. Apart from local high
concentrations of nitrate all waters are potable.

-~ water balance budget calculations indicate a gross rainfall recharge
of 28% (net 9,5% excluding evapotranspiration) of mean annual rainfall
and an average specific yield of 3%

- current evapotranspiration losses are high because of high ground water
levels in natural spring discharge areas

- for the 340 kmg Lichtenburg/Bakgrgille area the average agngal rainfall
recharge was estimated at 58 10 m pa of which only 10.10 m pa was
abstracted by pumpage3 The volume of ground water in storage was
estimated at 300 10 m

- for the 50km2 Lichtenburg Klipvled" area - the source of ground water
for both Lichtenburg municipality and Blge Circle Cement (Pty) Ltd - the
average rgigfall recharge is some 8,6.10 m  with a present day abstraction
of 4,2 10 m . The volume of ground water in storage was estimated at 45.10%°m

- the estimated volumes of ground water in storage suggest that adequate
ground water reserves are available to cope with present day demand
through a period of Iow rainfall recharge, Additional ground water
inflow may be induced through the boundaries of the water budget
areas if a negative pressure head was to develop.

- ground water supply problems experienced by Lichtenburg municipality
during September - December 1982 were due to poor pump lay out causing

interference between adjacent pumping boreholes.

RECOMMENDATIONS

To answer the prescribed objectives of this investigation the following
recommendations are made

Water balance budget calculations indicate that adequate ground water is
available within the dolomitic aguifer, even during periods of low rainfall,
to comfortably supply all primary consumers..S%@e for the expagsion of the
present ground water supply is available, an additional 10.10 m pa could
probably be made available immediately with little adverse effects. The
areas of possible water use growth for irrigation are limited to those

areas that contain both suitable transmissive formation and suitable

soils, mainly parts of Dudfield 35IP, de Paarl 54I0, Greeffslaagte 33IP .
and Hendriksdal 1IP. Only minor extensions of irrigation might be
anticipated in other areas, even with the extension of ESCOM power to section
of Houthaalboomen 31IP, Witklip 6IP and Zamenkomst 4IP.

Calculations indicate that Lichtenburg Municipality is very favourable placed
45 regards ground water sugp Y. No problems are expected in providing

a year 2000 supply of 6.10 m pa from the dolomite provided that the
municipality properly distributes new production boreholes (section 7.3.1). It
is recommended that borehole networks should be developed first at Aslaagte

springs and secondly on the northwestern cadastral Ffarm boundary near borehole

6 3
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G35003. To avoid any contamination of ground water the survellaince and
control of dumping should be effected on the two, flooded roadstone gquarries
just west of the townlands boundary on the Lichtenburg-Zeerust road.

Since proclamation of this area as a subteranean water control area in 1963,
numerous boreholes have been drilled without pbrior permission (only 75%

.. OFf boreholes registered) and irrigation is practised, particularly by

" minor irrigators (less than 10 ha ) with scant regard to borehole permit
conditions.

Considering that the area is difficult to 'police' from a ground water point
of view, total ground water reserves appear to be more than adeguate and
only limited expansion of ground water useage is possible in areas with
poorly transmissive formation, i.e. more or less below the 1480m contour
line a relaxation of the borehcle drilling and water use laws may be desirable.
It is suggested that minor irrigators , less than 10 ha of land irrigated,
should be allowed.to irrigate without special permits but that irrigators
who have more than 10 ha under water should be compelled to fix and maintain
water flow meters by their boreholes, pay an annual levy to have their
flow meters read and should submit annually to the Division of Geohydrology
a8 statement indicating how much land was irrigated and for what purpose.

To enable a better understanding of geohydrological conditions in the
Lichtenburg area the following work should hbe iniated/continued.

- 3 boreholes should be drilled on Greeffslaagte33 IP across the Hendriksdal
and Paarl dykes to confirm any step in ground water levels

- one borehole should be drilled on Dudfield 35IP midway between boreholes
Dd 20 and Dd 80 to monitor water levels in the area of heavy abstraction
by Anglo Alpha Cement (Pty) Ltd. ,

- one borehole is reguired on the Elandsfontein/Dudfield boundary, near the
main road, to enable water level contours to be drawn more precisely

- a replacement borehole for G35016 (Zomenkomst 4IP) is reguired.

- permanent flow gauging sites should be installed near the follwing 8 springs,
Aslaagte, Lichtenburg, Springs, Klipbankfontein west, Klipbankfontein
central, Klipbankfontein east, Klipbankfontein no.4, Uigevonden south and
Uitgevonden north,

- water level observations should continue to he monitored at all Division
of Geohydrology observation boreholes. However one of C3N524 or C3N525
can be removed.

- H.W.K. metres should be installed and read at the following sites on
Lichtenburg Townlands 27IP to assist in ground water planning for Lichtenburg
municipality boreholes 35002, G35003, G35004, G35005, G35007, G35008, G35012,
G35013, G35028, G35029, G35030, Lt 27 (C3N08) and Lt 31 (if C3NOB6 Lt6 can
no longer be read).

- H.W.K. metres should also be installed at the following boreholes : G35015,
G35021, G35022, G35026 and G35027 to monitor any water level changes across
dykes.
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- water flow meters should be installed on the main production boreholes
as listed in Appendix 1.

A regional gravity survey allied with geophysical logging of boreholes is
required to accurately delineated across of leached dolomite and provide
estimates of specific yield. The results of this geophysical work will

. enable ground water storage volumes to be revised.
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Fig. 9 BOREHQLE STATISTICS
TOTAL AREA LTCHTENBURG/BAKERVILLE
== WATER BALANCE AREA
No. of No. of No. of No. of No. of No of
TFARM vater bore=- permits |water bore- irrigation
thore- holes issued |bore- holes municipal
lholes in use to March|holes in use and industrial
1983 boreholes in
use 1981/82
Dudfield 35+57IP 120 a8 90 98 36 4
Elandsfontein 34IP 109 65 100 109 65 13
Grasfontein 356JP 18 10 13 - - ~
Greeffslaagte 33IP 29 16 28 29 16 g
Hendriksdal 1IP 18 11 14 g 5] 1
Hendriksrust 36IP 14 10 11 - - -
Houthaalboomen 31IP 22 16 22 22 16 5
Houthaaldoorns 2IP 16 7 16 16 16 2
Klipbankfontein 26IP 136 87 128 37 28 7
Lichtenburg Town-
lands 27IP 180 130 61 130 80 14
Prien 30IP 1 7 1 1 1 0
Ruigtelaagte *353JP g 3 5 3 0
Schepunt 32IP 2 2 2 2 2 1
Talene 25IF 15 I3 ? 15 13 8
Uitgevonden * 355JF 8 5 5 2
Welverdiend 361JP 13 9 13 - - -
Withklip 6IP 10 5 10 1 __l 0
Zamenkomst dIF 17 12 17 17 12 Q
TOTAL 72+ 442 540 477 300 65

* only part of farm surveyed

*#* axcludes 30 recently drilled exploration boreholes (Divis

of Geohydrology

and 13 private exploration boresholes shown in Enclosure 1.
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FIG.10 : GROUND WATER ABSTRACTION AND AREAS UNDER IRRIGATION CLASSIFIED AS TO FARHM

FARM ESTIMATED ABSTRACTIONS IRRIGATED AREA (ha)

1981/1982 x103m3 : 1981/82
TOTAL AREA WATER BALAN- TOTAL AREA WATER
CE AREA BALANCE

AREA
Dudfielg 35+571P 785 7689 47 47
Elandsfontein 34IP 325 325 55 55
Blizabeth * 357JP 0,5 = - -
Gfasfontein 356JP 39 = - &
Greeffslaagte 33FP 2933 2933 313 313
Hendriksdal I1IP 56 g 5 5
Hendriksrust 36IP - 59 = 9 g
Houthaalboomen 31IP : 689 689 59 59
Houthaaldoorns 2IP 483 483 80 80
Klipbankfontein 26IP 1883 594 180%%* 57
La Rey Stryd* 53 IO 0,5 = - -
Lichtenburg Townlands 27IP 3723 3698 - =
Frien 30IP 0,3 0,3 = =
Ruigtelaagte® 353JP 0,7 0,7 = =
Scherpunt 32IP 102 i02 13 13
Talene 25IP 316 516 26 26
Uitgevonden® 355JP . 100 f! 71 - =
Welverdiend 361JP 7 : = = =
Witklip GIP 3 2 = =
Zamenkomst 4IP 10 10 - =
TOTAL 11515 10012 ) 787 664

or 11,5 x 106m3 or 10 x 1061113

* Only part of Farm surveyed
Yy P

#% 1682/83 extended to 220H.




SdN yx

S/T S  ZO4VHOSIA QEIVWNIISA p°ON NIZINODNNYEIITY SHIATOL: g OT M A0 ONIGHAd A6 GEIDAIAV

: ( w07 )
ga8’ ¢ PLE'T 05’0 ET0'0  z56°0 £45°0 FEOYO T58°0 LE8’¢e ZEP'0 mm\mmmm 10T
qaIVNIIST

S'6pC 9’'c9 6°ST B0 z'oc 0'sT PT 07 £z £cs LET (s/T) MOTA
ATHINON *AY

- (/1) sMOT4

8°5/€ 9°g6 0‘€ 6°'T€E 6°pOT il 9’czE $'666 L' poT ATHINON

40 TV.LOI

o'tz p’8g STT 0 £'1¢ 0BT 0 SLT 6’68 x0T so0/sec-ve
T'gee £'79 €'zt 0 r'ze S'ST 0 L'TE 59/ #4°0T po/ce-0¢e
z'gee 8’55 0‘or ) c£'ee £'TT 0 8°LT g9z #Z'CT E0/sc-¢z
2’087 85 0z 0 POLT 2’¢g 0 PET Z’69 66 z/ee-tTe
c'saz P04 g’ze 0 6°5¢E g8’ar 0 ¥x0°0E L°9¢4 x9'CT £8/10/8T-4T
coz 8’89 0’9z 0 FEEFT BT 0 ¥29°GT 604 #6°0T gr/8e-c¢
(2°9171) 0 €°CT 9’s 0 ¥¥9°0¢2 8’09 ¥ P LT IT/0E-6¢
(g*0L7T) 0'¢c £'8¢ Pioc 7’0 ¥x8°LC 8789 ¥GTT TT/50-£0
(e’20z) _ S'TE £°6T 0'T vxP €2 6°50T 26T 60/0c~62
{s76£¢2) 8'pp 8‘6T T’ reP ' PE £°0TT 7'se 60/T0~80/0¢
(L'ecpe) 2’85 z'eée s p6p 68 69T 80/50-L0/6¢
(9°€9r) 0’er £'poT £LT zg/90/ce-ze
5/T MOTA NOIIVIS
EONYD TVIOL .. TTdH TN 64N 8dn LA odn S+PdN Zdan Tdn aIoNvYs AIvd

. E8/286T7 DYNENALHOIT 'S/T NI

SMOTd WYHNIS/ONINAS JHIVINGY.I

¢ ZT 'OId



wazmry

B

b v

e

- aameman

f (IONI) ZEONEO OL 82ONED ANV I1ZONED

- V3V 94NENILHOIT ‘SHAYHOONMOAH

£B/2386I 28/1361 _ 180881 08/6.6! 6L/8.6) | 8./2161 JAL/DLE] 2L/GL6l
_ ; 1 ] _ i 1 ] | | 1 | _ ! 1 ! _ ! 1 t H 1 ] 1 i ! ] ! _ ! | t
-
wur 66 = NOILYIA 30
= A, JHYONVLS “Wwgeg = NYIW (€961 YV ©f G261 YIF0LD0)
; NYIW 1TIVANIYY ATHANOW WO 3dNLuvd3q JAILYINNND
B Ly
B 00!
B 3do1s
NIVY ON 3dons
L TIVANIVE NYIW
. Wylel=3
"\ 310700 = ¢
" cmn\_mm_n> ™.
S—— \ _ EOMHHB N
Mg wgl=0Q i .
,ava ZmPZOLumw<4m ; : /;:/,
<EONED k i,
(ISW W) NOILYA3TIT = 3 ,I:/ :ffii T “
434N0V = v . ; 5
an3iA = A N, [ .
1JADHILNI HILYM =IM *\ : % — 5 m»umw%ﬂunw
H 10t = ' N 1= c D=
1430 370M3Y08 - " ! “ YAV = ¥ S/ 90 = A
s . P | s/L1I0'0 =4 Wig W= 1M -
S ~eo TS \ ,mHmMQJqugo - WOoP =Q 5
LT i b o oM 1 ] .
WA A ! IZ2ONED [ ™ dl g¢ chuDMD !
.V/ \ 5F ~. \.../ BZONED _.
S A s, 8 .
Ta \./.
\
—— o
WEBH! =3 ) Sy
3LIN0T00 Jo/g FLIYD VI =¥ s/12'0= A
s/1 ¢8'0fA wWEE = 1M
....... Wil twg = Wes=0
Hl Ennuﬁ d1 88 aT31Iong
dI+E NIFINO4SaNy 1T QEONED
ISONED

I ey o e e ey

di S @

W Ov =0
1314004
GSONED

== 1121430

Or09 dHH

g4/ 'ot4

m

-

2]

m

w

w

— 2

— 9

— m .

— v ()
HLld3g
37avl
Y3 LUM

#




IINEQ 8 (19U]) 8SONED OL GEONED ‘€EONED ‘POONED - YAHY 9HNSNILHOM ‘SHAVHOOHAAH

#09 ak9
bl 914
£B8/2861 2871861 18/0B6! | 0a/6.L6! 6L/946] 8L/L 206! | Li/216] 54766
_ ] ! I _ | L ] _ I ] 1 ! I A I ] | I I 1 1 L ] _ ! i l _
ﬁ —
¥ Q
L. ] m
_, o
AAEID 'GD IVANIVE ATHLINOW o
- ) v
//\\)/I m
| b3
wi h.ﬂ
001 s/1 'l a A\ . w0
- WGoGl =2 woz=1Im v
I e~ ALINOI0Q = v wig=q ___
~ :.r--//...IJ. N / // 41 92 NIFLNOIMNWGLITY
s -/ e SE0ONZD
b -_— \. Jllfrl1/ ~ — Gl
-~ - e
T / ~\.. / ~ ~\
~ 4 ’ N\ S e i i _ ~
Wl0Gled 3 /
JLINOI00 = ¥ \\/ [
s/l 00'1 = A \ | i — ¥
wizg=1IM \ h_
wgi =g R N
dI I8 N3W0OSIVVHLNOH s
LEONED — &I
n . WEogt =3
bic N~ .
weogl-3 /m._._s_o.dom =y
aLmotoa=v __ . S/1S2'0 =4
S/ B =A £ _ E=Im [ 2l
wel=IM 1)/.,;- Web =g
wop =q VN dI 1€ NIWOOTIYYHLNOH
of €68 3L9vYI3LoINy GEONED
IvINyQ — !
s N
—— . ___
Y |
T | [ —1
| ! Y
N W pOgl = 3 e
A 3LINLTI0G = ¥
- Y1 41 22 SANVINMOL — ©
. b EEONED
|
W90g! =3 i __ Wggsl =3
= JLINOTI0A=Y I ANOLSONW =V — 8
= s/l z0'0s A \\W | s/1 9l'0 = A
. wez = IM I waz=1Mm
) wig =a \ V) w/gaq
= dI 68 0131500 / I dl 92 NIZLNOAXNYEITH = &
: .. * bOONED” V) seoNgs””
|

()

HLJd3G

IT9vi




e

i T

9SINFA ANV

¢ (PU) pEINPA o) ZEINPA ‘“P2GNESD ‘980NES) ‘PCONED - Y3HY 94NENILHOIT

[ f . &
SHAVHOOHAAH  eros uno
, ot 91
[ £8/2e6i | z8/186! | 13/086| _ 0B/6.6! 6./8.6! 8L/116! __. 1279161 9L/9261
ﬁ | ! | | | 1 1 | | | | | “ i i { _ 1 ] 1 H { 1 H | _
R //( . o w
I NN\ IAUND 0D TIVANIVE  ATHLIMOW 5
- o
:
L .
i m
: |5
W wu A
oo 7 a
L -
— 2
WEoGl = 3 _
I 4 JLINGT0Q = ¥
\_ dT LZ SANVINAMOL
- E— -~ .w.l.ll.IIWmmOZmu — 1z
/ / . wzig = 3
—— 311Wo70Q = v
. \ | /, S/ SH0 = A
—_— & \ Woee 'waz 'wzz = 1M [~ BF
o wsge =g /A
\ : dI 2 SNYQOQIVVYHLNOH A
] _ ....... 5 YEINFQ \
e } o .f. S, . o — &1
_ A ; e % - | \
—_— \ : | f\/‘. — Bl
! | \ ML\
\ _./ \ | AN
~
o .._ \ _\._\. A L g
/ ; \ P
4l \ 1/
~ _ 1 \
Rox, " \ =1
] /// \f/ ...// s ,_/; __\ weogl sy 8
e~ N N N —/ 3LW070d = v
i r//./ Bt | B/ 91N = 4
_ - N~ AN WIg'WhE = IM
-_ <t hY 1 = -~ &l
__ _“ A w /./../../r / S L ee e
o €
! | wEogl = 3 —) Sy /“ _ 319YVIS43340
g ' A1INGI00 = ¥ vd (Y — ZCINGC
—_ ] \. ) 519 = A weosl = mf...... | _,.... N — I
_ f WERTEOZEIM g oney Mo A Py
ps | R #/_. b
“, \ [ jaree 31ovvisiazue won e 1m /./ Iy
: ECINGQ == s
i . wegpl = 3 /.”..s.l\& EIN wig=Q ..1/ ./_:_\ ) — €l
¢ ¥Vl =Y dI1 IVaSHIBANIH \ .J W W $ogl = 3
4122 sANVINMOL HEINGQ” \ ¢ FLINGTION = ¥
v2ZGNED €'01 | 4T 12 SGNYINMOL
’ 4 I bEONED

H1ld3ag

angvl

I LM




———TET TR

OPINPd OGNV GEINHQ - VANV  9HNENILHOIT ‘SHAVHOOHAAH
r £8/2886! _ mm\_mm__ _ 18/0R61 _ 0B8/6.L6l I 6L/8BLEI _ 8i/Ll8! I LL79261 | 9L/6L86]1
1 ! | 1 1 1 | | l | | 1 | 1 | | | ! { | | { | 1 | |

[ole]]

/\l/\/

wegy

ALinoToag
$/166'0= A
WwogE=1IMm

Wb =0

4P SSE N3ANOAIOLIN
OrINDQ

n
<< w

A

w

weZos! =
FLIW0T0Q =

s/1 G6'0 =

WGE = M

Ww2g=4

41 | IvaSHIMONIH
SeINyQ

>

IANND G0 IVENIVE  ATHLNOW

A

Er03 <H9

11T

1101430

fedl
s

ge

GEINDQ

$532X3

2

22

&

CiiINyQ — =

3Tavi

E3.LVA

e



A2
G HF 6054

p=

oro
638
S009 5

05/ G3

&3S0

£/5 -

ALY

Ar

ScHPEZ £

esi

o0

e
,.muwiv\e
lele]!

o5

L[]
- S m\qQ h
\\NW

s < 5T
v Gh = ——57o5 S
e
S/

-\h
\ MM\Q -
\“ z

) .@\m Q&QQMMQ
e WN =
s/r/

/= ~ L .
. \...\.. |
m\wpé.‘qﬂmlmm X

9 00ssH

<
ﬁm A@\mw n.\\V
V4 o \.m
ey (o

asl

adl

(sfa/~)

d\m



ANALYSIS — ¢ 350/ G350/7 (35018 & £3S024

SCHAFE £

23

H &
LH P 6OSS

oo

os

o0 v &

(e b7 Co0/5) =
954 =l

|
Ffovsro ~2 . Pla~ 8%%0 ~ L —
W\\.\.&\ WS = .-Qv\h. < W\W\IQ $9 = nnuu\m < \\m.q
7TOSED 210552 .t
/37
\,\_‘\.
B2z ~ LV /s 380 ~ L .
. +
)i/~ 521 =Gk < S/;/NO0H = O« ) .ﬂ\ mm\w
HioseD Lios ed / 9

ol—

“i10s5 5

os\

(e]8]]

(shrs)
m,.\m q

%



635008, 635009 & ¢ 350/0
J

AECOVERY FLOTR -

THES

Al LY

GH P 6oSE

al

m :M.\\nwﬂ,i...

h\ﬂ.é 280 ~ L

(s’231) 27
ﬁMMN\ s 'z

= L

ﬁ (phsbor)
=eTE £5,5%

Pl EsT =@

DJ“.‘AUM MM. Wh..v

?.gn-_-l- .l

K/a 85'0 ~ £

a/‘a

RGP

Nm:um T =L

(ks by

~9/dg = sV

p ey sn-0

boass o

(goz)st #
mmM g7 =2
-.WQ‘&* )
Besz £
. (oo by)
)bum OnN. = am 5




a2 1101 3/ tor w7/,

THEIS pECOVERY ALOTS— {3Sou, (350/k & ¢3S0/ 7

k.

A
GHFP 60S7T7

i\aﬁ SO e L

=6 iz =2

78 2 S/

~hd \l -]

(sve) #4
(sss/)s =«

(s101) 40 % \

(esz) sz =_L

%&@ g
o Y or = ﬁ m..“ : ..S&N-H%\ - A.QN“\A_“_\M ’

41 = ,S ¥ WE T 2
wleyv 3'5st ~Q =\

-,

Plevrosz 9 v/~ ToT ~9

TNOse D NWOseD

&.._nw..mmw

 prta 8 —p =2 8 F




N Y TS,

Nz

B 2
CHP 4oS® THE/S RECOVERY ROTS - 350/8 » G2Sp24+

\W\#(: X7 ~_L

(s 21/ 227
(So/ €T =_L

(77okr £oy)

f.\\uw.\M.K\ = :WQ

“hzoss S

2@ OO ——D — O —D)

JQ\M.;L(_IN.O-N ~ @

2105 5




0t 3 5
i
g1 - -
Bigion - . .
onos g7 i
"DeG2 i 'wdd w (D3 PRy ol sa )
it " S0 z
4 £O g0t
LY AR e s | T T T T T T T T T T — s _‘ — d vﬂO.Z. 12 *001
| |
i |
_
| |
| ' R
1 |
| I
_ e
h k
| |
| |
| |
i
| |
2 : 4
_" _
g_ 4 4 ! : , *3
_ o B .
‘ .w.....- . +
Hor -
| S l 1 i : L
| HeON %001 7 INSNS
N \‘\ ..w.\ :
: ANy
2ouznbag ooioy Jo/pup 2321010 - s2piby . vl :
+
dnoifigng wowpw -Ja4nby . /A.u
Y

VIEY S¥NANILHOIT

AYLSINIHOOMOAH N3 1vm

bse9 4yo LT a4

aNMOE9

BN %001

WYHOVIQ AOMNA J3aNvex3




|

145

LICHTENBUR KL]PVED AREA -

GHP 6060 RECOMMENDED GROUND WATER PRODUCTION
CENTRES e
-~ ol
pet
Y]
. OU\\\ / a935029
L BNDZ - \
) —(O‘N“ e
g 635012
- G35013
-~ <
- e Ny
YKE Lt 55 Q
pAARL VL~ P G350
— P
—— 635008 %5\,P
) <
35006 — 0 cla
' G35007 i
A\ ‘ [ -
\ L1229 | |
~— G35028
) 29
< i 635025 !
C3NO37 \B \ =
N\  PotENTiaL | KLIPVELD \ =
W\ O ]
%2\%  PRODUCTION e 2 | L
“\l\ A AREA ,‘ AREA (50 km<) \ E
o |
= o% 635005 Jd
S\© # ! \ '_;(;
( {
%, “:"p’-\ G35004 \ m C3NO36
¢ \ °
A\ \\
o @ 635002 o
i \cawoas £
Q°Lt 3| \7
m
/ Lt4 Lt 3,26, 27, \
Lo 36,37,39 840 \
\ \csmoas
PRESENT POTENTIAL \
O PRODUCTION LT 10,1, 41 &42 PRODUCTION \
QUARRIES AREAS AREA
2,6 10°m® p.a \ /
>_
‘f{ \ PRODUCTION
s BOREHOLES KLIPBANKFONTEIN
5 \ H—-BLUE CIRCLE IRRIGATION
o LICTENBURG CEMENT Q ASLAAGTE 0,8 108 m3 p.a.
st} 6 3 FLOW
SPRINGS [.10°m*® p.a.
) FLOW -1.10%m3p.g
% ~0,9 108m3 p.a.
< 635030
= 635145 @@
Z
- nBURS 1:50000
LicHTE
P— D\{KE o 0 t 2
F"""‘fé:—-fd
LICHTENBURG

km




APPENDIX 1

IS

INDEX OF FARMS SURVEYED

COMPLETED BOREHOLE SURVEY FORMS

LIST OF BOREHOLES FOR WATER FLOW METER INSTALLATION

GAUGED ABSTRACTION

LICHTENBURG MUNICIPALITY
BLUE CIRCLE CEMENT (PTY.) LTD.
ANGLO ALPHA CEMENT (PTY.) LTD.
JTRRIGATION BOREHOLE GLS,

P SO




INDEX OF FARMS SURVEYED

CADASTRAL FARM NAME FARM NO.

++De Paarl 5410
Dudfield 351P
Dudfield 571IP
Elandsfontein 341IP

+ Elizabeth T 357JP
Grasfontein : 356J°F

+*Graslaagte 37IP
Greeffslaagte - 331IP
Hendriksdal _ LI
Hendriksrust 36IP

+*Hollaagte 8IF
Houthaalboomen 31IP
Houthaaldoorns 2Ip
Klipbankfontein alias Manana 26IP

+ Klipkuil 352JP

+ La Rey Stryd 5310
Lichtenburg Townlands 271IP
Priem 30IF

+ Ruigtelaagte 3537P
Scherpunt 32P
Talene 25IP
Uitgevonden 355J0P

* Unie 241P
Welverdiend 3617P
Witklip 6IP
Zamenkomst 41p

* Parms outside boundaries of Bo-Molopo S$.W.C.A.

+ Farms only partly surveyad by Taylor 1982/83

BOREHOLE PREFIX
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APPENDIX 1

LIST OF BOREHOLES FOR WATER FLOW METER INSTALLATION

DUDFIELD 35IP (N.B. 18, 19, 20 & 80 installed)
Ddl approx 25 1/s - J. Botha

Ddi0, approx 25 1/s - Swart

Ddil9 up to 30 1/s - Anglo Alpha

ELANDSFONTEIN 34IP

Efd - 10 1/s - P.J., Huyser

Ef7 - 10 1/s - A.J.J. du Preez

Ef43 - 8 1/s - 5.W.J. Vorster

Ef44 - 12 1/s - A.J.B. Geldenhuys

Efi08 - up to 30 1/s - S.& 5 Stonecrushes

GREEFSLAAGTE 33IP (N.B. G5 installed)

Gl12 - 50 1/s - D.B.F. Geldenhuys
Gl4 - 50 1/s - D.B.F. Geldenhuys
G17 - 30 1/s - 5.J. Geldenhuys

Glll - 20 1/s - C.F. Nieman
Gl 12 - 17 1/s - 1

Gl 15 - 20 1/s - J.A. Coetzee
Gl 16 - 7 1/s - L.M. Coetzee
Gl 17 - 30 1/s - i

HOUTHAALDOORNS 2IP

Hs 5 - 25 1/s - Sensako
Hs 6 - 30 1/s5 - Sensako

HOUTHAALBOOMEN 31IP

Hb 11 - 30 1/s - J.M. Nel

Hb 14 - 25 1/s - D.J. Steenkamp
Eb 15 - 25 1/s "

Hb 16 - 30 1/s - J.M. Nel

KLIPBANKFONTEIN 26IP

Kmd4 -~ 20 1/s - N,J.G. Meyer

Km 5 - 15 1.5 - "
Km 9 - 9 1/s - "
Km 10 - 20 1/s5 - "

Km 15 - 30 1/s - J.E. van Niekerk
Km 24 - 32 1/s ~ N.J.G. leyer
Km 26 - 26 1/s - M.J. Roodt

Km 48 ~ 8 1/s - Haashroek

Km 67 - 10 1/s - C.RE.N. Reichel
Km 70 - 6 1/5 H.5.8B. Burger

Km 79 - 20 1/s - P,H. du Preecz
Km 98 - 11 1/s - P, Cronje

Km 115 -~ 12 1/s - J. BRarkhuizen
Km 123 - 20 1/s - M., Texeira

Km 125 - 10 1/s - Vorster

Km 131 - 20 1/s - !. Texeira




LICHTENBURG TOWNLANDS 27IP (N.B. 12, 13 and 15)

Lt 3 =~ 60 1/s - Lichtenburg Municipality
Lt 4 - 50 1/s a
Lt 10 - 60 1/s i

Lt 11 - 50 1/s i
Lt 26 - 50 1/s "
Lt 36 - 40 1/s i
Lt 37 ~ 45 1/s i
Lt 39 - 30 1/s "
Lt 40 ~ 40 1/s f

Lt 41 - 55 1/s "
Lt 42 - 30 1/s "
Lt 53 - 10 1/s o

SCHERPUNT 32 IP

Spl - 15 1/s - E,L. Conradie
TALENE 25IP

Te 2 = 12 1/s - F.G.A. Wolmaraans
Te 6 - 10 1/s - J.4A. Kruger

Te 7 - 10 1/s - F.A. Bosman

Te 9 =~ 8 1/s - F.J. Naude

Te 13 - 8 1/s - J. Koegelenberg
Te id - 16 1/s - A.P.F. Fourie

Te 15 - &8 1l/s - J. Coetzee

UITGEVONDEN 355JP

Ug 1 - 11 1/s - Dahlia Hof (Pty) Ltd.

TOTAL NUMBER OF METERS = 59




GAUGED ABSTRACTION

LICHTENBURG MUNICIPALITY
BLUE CIRCLE CEMENT (PTY.) LTD.
ANGLO ALPHA CEMENT (PTY.) LTD.

ITRRIGATION BOREHOLE GL5




GAUGED ABSTRACTION BLUE CIRCLE CEMENT (PTY.) LTD.~ LICHTENBURGC

STARTED JANUARY 1966

*#
NO RECORD, AUGUST 1876

kA

TOTAL TO JUNE INDISUE

ASSUMING 12000m2 FOR DECEMBER 1982

BOREHOLE g

HYDROLOGICAL C3N013 C3N014 C3NO13+ C3NO015 TOTAL C3N013,
YEAR i C3N014 C3NO14 AND

(m®) (m°) (m) (n) 0% |
%1965)66* 332 620* 304 670% 637 290%* 0,63729%
1966/67 480 320 438 700 919 020 0 0,915802
i967/68 500 250 432 200 932 450 0 0,93245
i968/69 533 940 365 860 899 800 67 910 0,96771
1969/70 A442 600 390 700 833 300 99 190 0,93249
i1970/71 5&9 720 319 100 868 820 46 160 0,91498
1971/72 479 150- 169 860 649 010 58 600 0,70761
1972/73 518 010 539 650 757 660 71 840 0,82950
1973/74 284 8§10 334 660 619 470 70 510 0,68998
1974/75 219 200 297 700 516 900 94 060 0,61096
1975/76 265 790 437 160 702 950#%* 59 980 0,76293+*%#
1976/77 344 670 448 940 793 610 77 780 0,87139
1977/78 418 780 380 280 799 060 70 810 0,86987
1978/79 421 210 413 240 834 450 95 280 0,92973
1979/80 412 040 407 960 820 000 62 550 0,88255
1980/81 449 210 372 600 821 810 ;58 090 0,88990
1981/82 439 390 467 760 907 150 iOG 6290 1,01384
-1982/83*** 329 630 380 700 710 330 98 680 0,80001#***

METERING




ABSTRACTION - LICHTENBURG MUNICIPALITY

1982/83 {(2,514) to June incl,

HYDROLOGICAL TOTAL SPRING BOREHOLE WATER USED - TOTAL
YEAR FIOW (A+B) WATER FOB DOMESTIC WATER
EXCL. ASLAAGTE 6 3 PUNPED (m™) OUTELQWING
(m~) 10" m {m~) (10°m™ )
1960/61 812 799 + 299 273 = 1,11 182 604 (369 255)% 1,29
1961/62 * 600 436 + 305 536 = 0,91 553 816 553 816 1,46
'1962/63 350 290 + 290 965 = 0,64 597 718 0,60 1,24
15%3/64 272 313 + 297 130 = 0,57 705 817 0,71 1,28
1964/65 164 952 + 214 110 = 0,38 777 999 0,78 1,16
1965/66 (65,248)+(108 675)=(0,17)* (523 Z27) (0,52) (0,70)
1966/67 Moving ' pumped no record
1967/68 199 091 + 182 862 = 0,38 1039 887 1,04 1.42
1968/69 (33 682)+ (29 590)=(0,06) 1213 474 1,81 [2.21)
1969/70%*#*% i451 809 1,45 (1,45)
HYDROLOGICAL ASLAAGTE PUMPED BOREHOLE WATER PUMPED TOTAL
YEAR {10 m™) (10 m pm)
1970/71 0,831 1,769 | 2,600.
1971/72 0,673 1. BEF . 2,360
1972/73 0,673 1,795 2,468
1973/74%#% x4 0,210 1,678 1,888
LICHTENBUEG MUNICIPA-
LITY 10 m
APPROX . AMOUNT PUMPED QUANTITY SOLD + ‘
DEPARTMENTAL USE
1974/75 1,646 1,600
1975/76 1,785 1,701
1976/77 1,826 2,211
1977/78 2,250 2,288
1978/79 1,817 2,873 *
1979/80 2,226 2,43
1980/81 2,661 2,411
1981/82 2,579




stk o

& ok

P E

from Oct 1961 Borehole water only used for domestic supply

;Qcord to April 1966 only

flowing but not measured from Decembef 1568

from August 1970 to 1977 includes pumpage for Anglo Alpha Cement (Pty.) Ltd.

no record for Aslaagte from October 1974




GAUGED ABSTRACTION ANGLQO ALPHA CEMENT (PTY) LTD ~ DUDFIELD

HYDROLOGICAL

TOTAL IRRIGATION

TOTAL INDUSTRY TOTAL
YEAR (Ddig, Dd19, Ddz20 (pdig, 19, 20 & ABSTRACTION
& gd§0) 80& g (10 m )
(10 m” ) (10" m™ )
- 1977/78 0,436 088 0,015 042 0,451 130 0,451
. 1978/79 0,303 447 0,024 652 0,328 099 0,328
1979/80 0,448 357 0,012 455 0,460 812 0,461
1980/81 0,589 406 0,019 878 0,609 284 0,609
1981/82 0,585 690 0,004 721 0,590 411 0,590
1982/83* 0,437 595¢% 0,007 315% 0,444 810*
. ~'] :
. * to May 1983 (incl)
GAUGED ABSTRACTION IRRIGATION BOREHOLE GL5
HYDROLO- TOTAL
~TCAL m
AR 0] N D J F M A M J g A
1980/81 2 ? ? P8l ? 1 0 1040 1 6170
781/82 0 9790 14499 11436 13077 29445 0 0 42880 4653 236882 15462 165124
782/83 45188 9637 13695 37255 41085 35075 23835 21478 ' (227248)

6 3
(0,078 x 10 m )

6 3
. (0,23 x 10 m™ )

3
Oct to May 1981/82 ~ 78 247 n

>t to May 1982/83 - 227 248 m

up to May 1983 (incl.)

i

To May 1983




APPENDIX 2

EXPLORATION BOREHOLE LOGS




LIST OF BOREHOLES FOR WATER
FLOW METER INSTALLATION




DRILLING RECORD SHEET  OF
PROJECT Lichtenburg (S.W.C.A.) 8oREHOLE 6-N0. (G-35001
FARM Z{.CATLQ.Aé(A—f—S) Twnlaads 27 EPR BORING NO. [(379& &@/7
DRILLER DA, CO-CRDINATES - .
DRILLING METHOD Air Y LaTituoe 26° 097 73"
COMMENCED ?8 /01 /19 %3 X LoneiTupe 26° 07" /2"
COMPLETED 0"#/0’3//‘783 COLLAR ELEVATION /474222 m

Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

LOGGED BY Taylor F.P, Elevation
v.I.(m) " vield (1/s) R.W.L. (m)

.?_ F seepag e 7%0 ////09/8’3) HOLE /22~

55 O,/ 04 2% w 202 o

o,/ 28 /22 w S

CASING 2] e /8 S rm,
/:;./.-ﬂ.f/\

DEPTH THICKNESS DESCRIPTION
m ) (e~ )
04 6 6 (%sz-wla{‘e ¢ adepete
4 Fo 27 2 Racl  eddstons  owol _clois
27 b /221 98 Plainly  olads  fidure bl | ,ﬂM - oirzeimedd
/‘M,ﬁlﬁ ~ parr o il g L J ‘4 . Hhin rncdstees
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DRILLING RECORD SHEET OF

PROJECT

Lichtenburg (S.W.C.A.)

FARM Licktenburg Town lands 291P BORING NO.  /39849/%

DRILLER D.E.A. CO-ORDINATES . e
DRILLING METHOD Air v LATITUDE  26° 0s’ 36"
COMMENCED 07/03) 1983 X —— T )
COMPLETED 08/03/ 1983 COLLAR ELEvATION /507,770 ~

LOGGED BY Taylor F.P, Elevation /5071 020 m
v.I.(m) - vield (1/s) R.W.L. (m)

- 213 o, 1,6H (17/9’47(83 HOLE 28 o CASING /% 7m x /65 o,
R 2,0 D40 w203 plaia

fotal Blow Yield (1/s)

1. LITHOLOGICAL LOG

BoREHOLE G-No. (53 ~35002

2,1

DFKQ THI({:I;EIESS DESCRIPTION
O 4o | So\_eed sudse\ - dars browe senduy Ao varde
Kleacked e oeobles. Hanconerne .’,or\c,x:'élﬁoﬁs
ok Ve~ =
2 5 R e<iduol chect od‘cudﬂ\ it ,looia S covun C.\cuq
Tt %5 WS Dot brown "M'\O\G\A%-& eortN ‘
2,5% K 0, Clowy with. chaf ok dokoraiie f‘\mu-&QL
q 4o - 5 U.)QOZ“\QJ‘G& dolo~ite, and c_kcw alcarpakine
uqulc-\ \c:uqqrc -».C @o.\\-ku pr&g\/\ bc\\f’r\reu QLO‘T
|4o 24| VO U\JQO:‘(\NQ.'.—&& ch\\\*v ()gr—@_J\J r\(\—‘Q.Ok&\.AJ\(\ ca r'ﬁ-_mr—c'r\
do\oruXe a.lik'—e_rr\c\, r\c\ wailla ‘\‘l\r\'\r\_‘:. Q¢
Eands oE Q«r-e Sl \,\.o\\p_ TRy o YXerngLoce
shoadl, = -
2M028| ) Qs ebove witn i \ayer of Blade nnd o
2S84 oL A< Ve v 2 ~
T WY \ Fraclured o & o Ve oo uone &Aifcx_‘u\k.r\o\.
1% to 33 5 po\——’rbq weoathaored Sl - ATey =€ da A
axrcur\*?ck doo\o et ak“‘(’ta,rr\a'lt'\r-cx o Cr@“r\
ckc\_rk r\r?_w chert™ Copme MR \\ou,u ond cod ey
R Y 3 pc:u-'\'bq udec-:{'\\o.l—e.c}\ e - ALY | e ot Loz, ae

‘o R-\m-ra_ O\F“Du\r\_o_r}\ A oemate aller r\r.iscw‘rr-‘

; \ —
[k ‘\\f\ \\—PQ Sl e S Y= o oot

O, v _ny
St 1




Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

CRILLING RECORD SHEET OF
PROJECT Lichtenburg (S5.W.C.A.) BOREHOLE &-NC. 350073
FARM /-fC/\"LC’f\éufj Towurdands 27 TP BORING NO. /3?5"30/3
DRILLER JE.A. CO-ORDINATES . " ot
DRILLING METHOD Air . Y LATITUDE 72590‘51 Ll
commgncgp - 0%/0% [I9E3 X LonGiTupe 267 09" 00"
COMPLETED OQ/DE/’Q{(S COLLAR ELEVATION /503,835 .
LOGGED BY Taylor F.P, Elevation /5023, /4/m
v.I,(m) " Yield (1/s) R.W.L. (m)
/0 Seepoge 4,35 /'2'7/04"/53) HOLE 27mn CASING 2/mx /65 mm,
A0 £l Otodp % 203 punm plaia

'\‘qu ® Povrgw
/;0 lll-l-' 168

DEPTH TH;E:\(!%ESS DESCRIPTION

() 7o 4 4 Red +o light brown . silty sand with weathereel
chet gfwﬂ( J

At 4o 7 3 Chart qra.ue{ wa‘l‘ﬁ IAe Sa/\a{v c/a?/

77"9/0 3 Dar’/(‘ Jémuﬁ\ POCCNGONL RO emr’ftf wi’ﬂ'\ C!\\Q/'T.ar'(bjﬁl

0417 | 7 Che ™ gromel with 100 clack Arown cloo” Mainly
z}eéé(—egy chet witt minor _guarts  muddone .
dlolomite. -

/‘774)_11{— 5 Leac/{ed c/o/omi'llfé’_ wi'ﬁl\ r€§fdc¢a( wea+A€r€d Cfl\c’-r—_f_
ord  seme  orange - yellow elay

2h432| 8 Weathered LRt qresi=blue, fie- 15 meokiim
groined dolorite, “chert-poor. 7Thin (< Ofx),
wealtle—ed | grey #o red mudsione loyers
T YT | §

31+037 6 par"f{:{ Z-EFCX.CJ,LWF-{G() c{a,r!f:- qﬂv—{;t&@_ | -pm\..e_

“J L
C_?\ert\,ed\ clolomate A c 2= moo e




Tlotal Blow Yield (1/s)

1. LITHOLOGICAL LOG

DRILLING RECORD SHEET  OF
PROJECT Lichtenburg (S.W.C.A.) BOREHOLE G-NO. 35004
FARM L.vc/('l"enéufy owaiilowd's T LP BORING NO. /3‘?@5!/!
DRILLER D.E.A. CO-ORDINATES
DRILLING METHOD Air _ y LATITUDE  26° ps’ /s”
COMMENCED  V0,/03 /7982 X LonsiTupe 26° 09" 40"
COMPLETED ///03//95?3 COLLAR ELEVATION ogpos 1 S06,6 an
LWOGGED BY Taylor F.P, Elevation /505,782
v.T. () vield (1/s) R.W.L. (m)
© 30 Seepose /7,60 /.2'}/04-/2&) HOLE &2 CASING 6 \mx 16S man,

Do 6 % _.oam,._

Lo ~
L 1S, 5r 85 waitn v

0,05

D\E::T\H THIC;(NEES DESCRIPTION

0+ 2 .2.\ an_ s:/vzv cord with weattered chert arowel

07\1"06 /LF CAQr'f' qr-w.rel ond ﬁau/cfﬁrs wrﬁ AN \Jo(ovy
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Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

0/5{7 /‘/r;rmn-j a'%/\.r‘cf( g/uc{?a

DRILLING RECORD SHEET  OF
PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35005
FARM z/c/;ﬁeqéw-ﬂf larcls 27 TP BORING NO. /39’8"5.?_/?
DRILLER D.E.A. CO-ORDINATES v e S
DRILLING METHOD Air Y LATiTuoE. 26° 05 10"
commenced  A/03/19%3 X Lonairupe 26 07 33
compeTed  /6/03/1783 COLLAR ELEVATION approx. /507, €
LOGGED BY Taylor F.P, Elevation /506,476 m
7. I, (m) Yield (1/s) R.W.L. (m)
/6 seepage /9,36 /,27/04/6’% HOLE 35, CASING 3))5m * 16S i
235 ol hiedes s vk 2850 S

éi"ﬂwr‘\

Mot df’fcrwrxea’ aS

DEPTH THICKNESS DESCRIPTION
(D) o)
04 65| 65 Om\w_ ved siby cond wite ureethored Jnort
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6,5% 9 i \‘fve_um,\_)-\sr’a—w»fx ; c,'r\‘aﬁ“'u ‘\\?hg somch ot
Yrsdlaneet X ek L\\C&M \CM.;-E_FS
A= 10 \ %\AQ\‘G . \h&&kﬁdﬁic& Q._O\M
VO LT % CLMQM e oK gemareds CJga,L_lt Moy -Q—-o«
Er-mm *‘F’O Ao o\\—;@.’t{ CTI‘?A_'U-QJ\S e MO—/\N‘\LJ%
w\cf\w\w | cw«o—r\o@g e Jo - fotar—da A L sy e
Q_lo’uJ ciu:«rd?—e O& Scb‘r\ﬂ_r\c_x’i\av ard _sians o(::
o¥ime . Cormpestod [>AS T cha® rermeinde
N q/uo;‘f—z - :
¢ - 2.S o ke O\'i‘uu-e.}\ want®.  washote  dioay
2B~ 35 \O ’L\Q&(_/b(\-QCP\ dolovrmra e, ord r,rxai_'\""

‘r\car\&h,om* Léouxnr‘*c\ DO(‘_L:: (\G\J—'EQGL L\or\QqCa\mﬁ

Sk %uu ﬂQ\e R - \(\O’f:\@wa

lj(-Q_rr\ng me LN\H\ e sl Adanad dto\rjf‘ G\W‘!_

- KN o, FACAAA% <\, \\50 d\‘D\DMfQ_

S one-2. C‘.J\O_F\- imo\m:af\."ﬂ I(\ouu-ﬁ uo-e(\ Dr—ﬁ‘;@r\ﬁ’a\

A QJ(-L}"\-QCQ oni "‘Fx?_s N~ dr\Ou't:, \\@L_A_eg(

S\*U\...

| & Bed

Deopocd Wl r-ija\_b\‘,
E \

/QEHML{S 1 (asrr\q c‘o//w M'f' (ﬂ-(rﬁwﬁ’/;pmu’”?{!. /15 ~ .

x /50:—9»{0/6; 57L6;7,":>Prf "f‘ ,,Sm e

/EQC_AC C-j f’c’)f‘"ra"\(’&fb\a’v‘\ Df‘(//!f\f‘! :\A.Ou/f}(

b-éi LOn'f'.rf\uod /Lw fﬁ’(b"‘?_ ‘1LDO( rto 157LO

Ao 7[orn-n‘f oA

2. Unih‘r Ais coloured bu, 2l g
4. ‘LQL&GrJ [l mJVQrf t’ff(‘\;x of rvxcu\(‘ {
J’\.U “’\ - “"nnt-‘{\ VR _'\‘(m‘ Jrat iR oF gm‘.J( HJ-PF.*




DRILLING RECQORD SHEET OF
PROJECT Lichtenburg (S.W.C.A.) BOREHOLE G6-NO. 35006
FARM L;c/\‘fen}:utr) Townlands 27TP BORING NO. /37€53/7
DRILLER D.E.A. CO-ORDINATES " -t
DRILLING METHOD Air _ Y LATITUDE  26° p3 ' 42"
COMMENCED /7/03//‘?33 X LONGITUDE 24° 09' 3u4°
COMPLETED /5/03//733 COLLAR ELEVATION approx. /5/2,0~=
LOGGED BY Taylor F.P, Elevation ISH 02T o
i INCTh vield (1/s) R.W.L. (m)
Lk ol 20,05 ,7-7/0’;‘ 8’:) HOLE 2l CASING

0o 24 x 2020mn~ Bidy Bm |51mm)‘>tm

Potal Blow Yield (1/s) Gl

1. LITHOLOGICAL LOG

2 o3 x5S e

3 Yo 3l+- " |1"7MM}?€‘,€'

DEEPT:Q THIfKﬁESS DESCRIPTION

Ofo > B R A~ o :D‘m\c— g\QW! Aoy \MI({‘L Lka;\'qm\.

2 4o R \ R ! oﬂ&‘? 2 A c,io,u u.ji'%\ ’Tr‘ac_cﬂ,;. o& r{\,&é( s_"? r-ﬂfcpr\,«.--'z_
(“G?.wc‘\'w-@\ Aarnmc;cﬂ-@f-'\ i edsace

B 4o S | Red - s epuan C.\cuq L.u\‘f!k ay 5+mc‘,kw-ec -~
Ao LW'S\)OS.E A cLLck\Da ce

5"\"\3\0 5 %‘\SLU&C’V o L\o&_k{ Lu‘d\x v@\lc‘% s’t‘nu.‘km;-es -~
M con~isos@dh  dictseoco

O 4020 lO Mot Srouse - AF2O C,\f‘w Tl Q-QLLC%
SRt - ak.ﬂumx«m\\bﬁ._ﬂcﬁ\ !"L\c}cuofvi?_

204 )W b W e P red  cach -emﬁ'wﬁ& f\—\ir\a.» o‘\_\:uixr\e_i
diabace  witk  areo~-Somese c,}\ox_,u]

P o211 B Fr‘tkc}%wfo\. (‘mr‘-ctb \_»-J—PLA:HAQI"J. O\,_Q_Q_I\PA(\\C-A(-J—
'QM_" mr\s’_& Mo as e um‘fL ‘Dﬁ:m\zr» SJVaAm—Q

Q‘mdk‘wes

2™ 4p 2\ Foirm @ra&\r\ L Oreoms— Nade Q\r\i o\v—wu\-:zcl
c)“cm$c\g~e, v_nts“«- @L(Lfk L bk Q—a\ “‘K‘\frc_c_

3\'\'02“‘ B '\’{tﬂé’,g\\ ; C}\x--@Dm*-\:-\D»L&"; e 8 A~ O~ A
Aie=esSe - =
REHARKS :

. Deilled 26 Soutt. c{/ feak on magnetic
/ine (,7’/3’3/075 T GrEEFSsAA 6 TE z;xv:cz;
2 Cosirg collor ot lwellect pujcds 10




DRILLING RECORD SHEET  OF

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35007
FARM Z/cA?me,Luj buwnlands 2T LF BORING NO. /39% 5'&’-/5
ORILLER D.E.A. CO-ORDINATES ' o =y
DRILLING METHOD Air Y LaTiTupe  26° 027 45"
COMMENCED  27/03 /19%3 X LonGiITubE 26° 0%’ 34"
coMpLETED 22 /03/1G%3 COLLAR ELEVATION approx. /S/0, 8.
LOGGED BY Taylor F.P. Elevation /509,814t m
'J.I_.(m)“' Yield (1/s) R.W.L. (m)

;)_O‘i'o Y) s 2% {@ 0.0 19 8#{.27/04/33) HOLE 39m CASING 22 < \6S rnn
2 o no return air crenlotion 024 x 202 p~ ?er{» bto22 ~

Total Blow Yield (1l/s) 32 2

1. LITHOLOGICAL LOG

D{EPT!-{ THI?KNESS - DESCRIPTION
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DRILLING RECORD

SHEET OF

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35008
FARM A;tf(fénbug Town lends 27 TP BORING NO.  /39%55/2
DRILLER D.E.A. CO-ORDINATES
DRILLING METHOD Air Y LATITUDE 26° 03 347 —
coMMENCED 23 /03 /i1ag3 X LoneiTuoe 16° 09" 34"
COMPLETED 24 /03/!983 COLLAR ELEVATION  Opprox 1S13 )\
LOGGED BY Taylor F.P, Elevation IS13\RF A e
Vo T ofm) Yield (1/s) R.W.L. (m)
: 0% - / 20,414 (27/04/83 HOLE 33 A~ CASING //mx 16S mmn,
i Odo 123 20200 ‘Dfain
Total Biow Yield (1/s) see Remarks 12033 16Srn
1. LITHOLOGICAL LOG
DEPTH THICKNESS DESCRIPTION
[om N o)
Oto \ \ Rk otworae socdu sk oA weeathored
C}\Q:Sf o\mm \
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DRILLING RECORD SHEET / OF 2

PROJECT Lichtenburg (S5.W.C.A.) BOREHOLE 6-NO. 35009

FARM ,Z/'c/ﬂauéug Townlands 297 TP BORING NO. 1378S6//

DRILLER D.E.A. CO-ORDINATES

DRILLING METHOD Air _ Y LATITUDE 26° L
COMMENCED lg/DB/ﬁ‘KB X toneituoe 267 /2" 94"
coMPLETED /| /DH-/M'&'B coLLAR ELEvaTiON /486,778
LOGGED BY Taylor F.P. Elevation [ €6 6TE

0.1, (m) vield (1/s) R.W.L. (m) :

: 5 4 3,43 {0‘{/05/93} HOLE Q.. CASING 4S5 % J6.S rrnm
7 05 O #S =< 202 perf 6o 39
fotal Blow vield (1/s) 42 @ 80m  4SHEI*165m~

1. LITHOLOGICAL LOG

DEPTH | THICKNESS i . - DESCRIPTION
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DRILLING RECORD SHEET .1 OF 2

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35009
FARM BORING NO.
DRILLER D.E.A. CO~ORDINATES o - -
DRILLING METHOD Air Y LATITUDE
COMMENCED X LONGITUDE
COMPLETED COLLAR ELEVATION
LOGGED BY Taylor F.P, Elevation
f.I..(m)"' Yield (1/s) R.W.L. (m)
;_ HOLE CASING
Ti:;tal Blow Yield (1/s)
1. LITHOLOGICAL LOG
D(%iT\H TH&N\ESS - DESCRIPTION
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DRILLING RECCRD

SHEET oF

BOREHOLE 6-NO. 35010 262LHH 4135

PROJECT Lichtenburg (S.W.C.A.)

FarM  HoadriksrustT 36 TP BORING NO. /3‘?85'7/9

DRILLER D.E.A. CO-ORDINATES -
DRILLING METHOD Air Y LaTiTuE  2.6° /0" 39"
commeNcED 710K /)9% 3 X LonciTube 26°06" 12"
COMPLETED /3/044//?? 2 COLLAR ELEVATION /467,443

\0GGED BY Taylor F.P. Elevation /%69, 304

J.I.{f::)"' Yield (1/s) R.W.L. (m)

;{0 7o // 0, 3% 465 /07/05/23) HOLE 3ln~ CASING 2Sn. = 16S rn

Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

O_ITD'? *x mﬂ‘w&

74 2S5~

0,38

DEPTH THICKNESS

DESCRIPTION
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DRILLING RECORD SHEET  OF

J'.I._(.’Tf) i
‘27
37

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE G- NO. 350”

FARM L;o‘(fen&«j Townlands 27 BORING No. /27E '7%‘/?

DRILLER D.E.A. CO-ORDINATES o .
DRILLING METHOD Air v LATITUDE 24° 02°/29"
COMMENCED 2/ 7o 25/03//6?5’3 X LonsiTube J8° 1327 o2t

compLETED /7 T® /-7-/0-’7‘//‘?8’3
LOGGED BY Taylor

Yield (1/s) R.W.L., (m)
o,/ /5,72 //s/é 4-'/8'3) HOLE 44 m CASING
d/ ? O'{"D?'\O’K 203/}'\."_\ O’fb.lom PEFF I'éSMﬂ\JC.(\;}

Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

COLLAR ELEVATION /503,943
F.P. Elevation /503,622

perl 1% %o U m.

D\EP'I;H THI?KF\iESS DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (S.W.C.A.)
FARM ch/é‘f’eanj //:;;n[mds TP

DRILLER D.E.A,

DRILLING METHOD Air

COMMENCED ;-?_3’/03//‘?8 2

COMPLETED -2?/03// 753

LOGGED BY Taylor

. T, () Yield (1/s) R.W.L. (m)
74 0,5 (@20

—_—2/ > ne relurn cyr C,l."cu/cn{‘{on

Total Blow Yield (1/s) 7

1. LITHOLOGICAL LOG

/7,41/{/5/0#‘/3’3) HOLE 317 e

V4o 3'7 w (65 B ra

BOREHOLE 6-NO. 35012

BORING NO. /3987S/7

CO-ORDINATES

¥ LATITUDE .2cS° 02’ .Z‘?”
x LONGITUDE 26° /27 o4 "
COLLAR ELEVATION /506, 2/4 ~
F.P. Elevation /505/ 736 )

CASING 22 x5 Sman

O4o\L* 203 mmmm WQ_\Q To 22 m

DEPTH THICKNESS
e ) n

DESCRIPTION
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DRILLING RECORD SHEET  OF

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35()13

FARM Lie h7én {ﬁug Pocon lasrdle Do 80RING NO. /398 76/5

DRILLER D.E.A. CO-ORDINATES . i
ORILLING METHOD Air Y Latitupe - 26° 02" 29"
commencen  -20/02 /1983 | X LonsiTuoe 26° 127 07"
COMPLETED 1o [ 1983 COLLAR ELEVATION approc /SO3,66 m
LOGGED BY Taylor F.P. Elevation I1SO02, 67 pn

v.1.(m)" vield (1/s) R.W.L. (m)

- /9 0SS @ 2/~ /543 //s/o{# HOLE It/ CASING 30~ % | 6S m~
-_.j'_;. &S /@ .24‘4‘> wilk air presstire lost Oto 3Sm=203m~— ?QF-Q O4o 24

_.Total Blow Yield (1/s) =2 4 S

1. LITHOLOGICAL LOG
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DRILLING RECCRD SHEET  OF
PROJECT Lichtenburg (S.W.C.A.) BOREHOLE G-NO. 35014
FARM Zan‘\e/\kom&'r pt L ¥ BORING NO. 1398 77/3
DRILLER D.E.A. CO-ORDINATES
DRILLING METHOD Air v LaTiuRE 26° pof 2i”
COMMENCED -’3/0*%/”793 X LoneTube 26° 107 02"
COMPLETED /7/0‘7‘//?5"3 COLLAR ELEVATION  /S#, 729
LOGGED BY  Taylor F.P. Elevation [/5//, ¥57 m
v.T. (r“) vield (1/s) R.W.L. (m)
g% 0,3¥ 17,71 Kl?ﬁ?‘r‘/ﬂ’i’») HOLE 39 m~ CASING /7~ 16 S
. 0018 < 203 rrn paf. 240 (7o
Total Blow Yield (1/s) ©,3% )& +539 > [6S me '
1. LITHOLOGICAL LOG
D(EfTH THICKNESS DESCRIPTION
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Total Blow Yield (l/s)

1. LITHOLOGICAL LOG

DRILLING RECORD SHEET  GF
PROJECT Lichtenburg (5.W.C.A.) BOREHOLE G6-NO. 35(|5
FARM Zame~Kons? 4 TP BORING NO. /39 & 78/:
DRILLER D.E.A. CO-ORDINATES L o
DRILLING METHOD Air Y LATITUDE 26°p0’ 23
COMMENCED  -20/0% /198 2 X LoNGiTUDE 26" 07' S7"
COMPLETED rL’/"J""//‘/"?fs COLLAR ELEVATION /SI12) %478 o
LOGGED BY Taylor F.P, Elevation 1S, T7SE A~ .
v.I.(m)" vield (1/s) R.W.L. (m)
23 /bt rised | 20,73 [29/o4/83) woie 37, CASING |3 1S mm,

0413 = 20%mn~
73 037 5 165 i

p/c-u}\.
> 4 {4;.* pressure’ lost ) -

e A

6 4o 19 L5

DEPTH THICKNESS DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (S.W.C.4.) BOREHOLE 6-NO. 35016

FARM Zomctrconey TP BORING NO. [3q% 74 {‘\

DRILLER D.E.A. CO-ORDINATES . .

ORILLING METHOD Air _ v LATITUDE  26° go' (a4 "

commENcED 22 /o[ 1123 X LoNGITUDE 2.6° |0' <"

compLETED 2 S o4 {\qu COLLAR ELEVATION JBT2, PRl we

LOGGED BY Taylor F.P. Elevation PEH,T4h o

'.T.I.(}n):" Yield (1/s) R.W.L. (m)

;'_“0"“- ~OnL ©onont {&‘?/04‘/83) HOLE 3/~ CASING } S 16S man,
3,72 (OU/DS g3} Oto % 203 F’l"“'\

Total Blow Yield (1/s) ~ora M o031 % 1S mn~

1. LITHOLOGICAL LOG

DEP;H ' THICKP%ESS ’ : DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT

Lichtenburg (S.W.C.A.)

FARM ,L:/ands%on’f”ein T F

BOREHOLE 6-NO. 35017

BORING NO. /3’?8‘555-/'7 2626 H 4)8

DRILLER D.E.A. CO-ORDINATES
DRILLING METHOD Air Y LATITUDE L6°09' 29"
COMMENCED  /4L/D4 //7%3 X LoneiTube 26° 0s' 49"
compLETED  /9/0% /1753 COLLAR ELEVATION [4# %0799
LOGGED BY Taylor F.P. Elevation 4 %0, 662
7.1, (m) Yield (1/s) R.W.L. (m)
f_/S' /3 g &l /07/05/5’3) HOLE 3/m CASING LSm> 165nn
Ot 2S%203m— o T4 !9m
Total Blow Yield (1/s) O3 25 fo3] = KSren
1. LITHOLOGICAL LOG
nﬁ;’:ﬂ TH'C}fffss _ ) - DESCRIPTION
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DRILLING RECORD SHEET OF
PROJECT Lichtenburg (S5.W.C.A.) BOREHOLE 6-No. 35()1Q
FARM Dudfield 3S TP BORING NO. /3??{59/5
DRILLER D.E.A. CO-ORDOINATES . .
DRILLING METHOD Air v LATITUDE  26° 07 (245 ”
COMMENCED  -=0/0% /1983 | X Loneituoe 26° or' 13"
COMPLETED 21 fo4 [19%73 COLLAR ELEVATION 48 H3S m
LOGGED BY Taylor F.P. Elevation 1489, 312 m
I, (m)" yield (1/s) R.W.L. (m)
x3 0,/3 43S /05/05//%3) HOLE 37m CASING /3 m > /65 mumm

-

O4o /3 <203 mrn

_ﬁv'otal Blow Yield (1/s) &3 18337 x[6S5 mm

1. LITHOLOGICAL LOG

3to 13

o

DEPTH THICKNESS DESCRIPTION
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DRILLING RECORD SHEET  OF

Total Blow Yield (1/s) 0,/

1. LITHOLOGICAL LOG

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-No. 35(02() Z&26 fift 476
FARM  MouThaaldoorns 2 /7 BORING NO.  / 3PEEO/4

DRILLER D,E.A. CO-ORDINATES - - - e
DRILLING METHOD Air Y LaTiTUDE 26° 02/ 29"
COMMENCED  264/0% /1783 X LoneiTupe 26° 06" 02"
COMPLETED 77%‘#//‘?9”3 COLLAR ELEVATION /S// 285

WOGGED 8Y Taylor F.P. Elevation

0.I.0m) vield (1/s)  R.W.L. (m) .

' 257 0,1 /%35 /0@/95/5‘3) HoLE 37m CASING /3w ¥ I Srmny plaia

Ofo 13 %203 ~
{337 /68 mn~

nfm;u Tulirf:uass DESCRIPTION
0 4o 2 2 Ornge ~boremn sClly sool bl f,m,y;(w/c&%n%z
24+ <SS 3, S C/(a:—'{‘ c?r-m—ez(md ISM&Q/) sl el ot i C/a.o
St /0| 45 bl ~green ity cloy inlh colict struchioes i
and /'—cyohf?ed ,Q(rfqam ond_ed/eesl pwrbk-eﬁé/)a-er_d‘:nﬂour[
cesbin. ’
/0 fo 21 I Nmm(u i e - fmuu\-wQ hrght rec +o Liisn, s
- e ttlaol _ dolooste ink <tounad
aped trans lueed” elods Dg_.a/c A stoned ,é.c,u-c,
s‘uu-ﬁncx?s 'H‘""’M‘erJ_
2] to 277 6 P — T C[(_.’Lm«.a_/{f— bl rdwid
wsitl QP&I»{,JM{ o/c'w Lo green tonred
Sronrd el and | at 24 sp P& /\W/of«:mwéﬁ{
_ ,ﬂm,é mteed  onol Leceeled cfart
A _2'74'9 29 2 ' L/,“o’w Hmuw, Lr,ﬁ_o — eyropic] J-U(Uvu.'{'tg
29k34 | 5 [k —grey , frre - amﬁmr plalomits_cocl clart
- itk oAl flLauJ«_eo( Aﬂd‘w
(A CEV) 3 ZJo»U’ af-eu.MG{AJ—L«A ~0m~m-anl ollowiate  ad
C _/L—D_J_:f_ u\_rufi (ea R WO Mﬁ.}\ *NH rl\ ‘Q{‘h c_JG.A o
Rerepree o
L Wkersecked BLaavwEa Aws DAKE
ik (O o sth o&. snmArdXit. w@ale Lirag
e lEalowd -
- Exed e At l_q,w)/u\_ﬂc-(.: Cosire X J(c:'

1,05 .




DRILLING RECORD SHEET OF

Total Blow Yield (1/s)

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35001 2672547 AZ T

FARM Houwthoololoorns 2L TP BORING NO. | 394 &\ il

DRILLER D.E.A, CO-OROINATES

DRILLING METHOD Air _ Y LATITUDE  26° 02' 24"

commencep 27 [0l [1ae3 X LoNGITuDE 2.6° 06' 02"

COMPLETED 27 [od e COLLAR ELEVATION 1SV 2, 0\ e

LOGGED BY Taylor F,P, Elevation

7.I.(m) vield (1/s) R.W.L. (m)

‘207 o\ 18,03 (OE‘DSI%S\ HOLE 2\ m CASING 3 |rux 127mm,
04 \§ < 203 reme perls 25 do Ban

\€ A3\ <168 e

1. LITHOLOGICAL LOG
DEPTH THICKNESS DESCRIPTION
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DRILLING RECORD SHEET OF

Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-No. 35()27 Ab2ZbAH 428
EARM Houthacl doorns 2T4 BORING NO. 139 8¥2/0

DRILLER D.E.A. CO-ORDINATES . -
DRILLING METHOD Air Y LATITUDE 246° 072/ 25"
coMMENCED -2 &[0t /1€ 3 X LONGITUDE 26° 06 oo "
COMPLETED 03 fo 5/"383 COLLAR ELEVATION /S//, 980

L0OGGED BY Taylor F.P, Elevation

V. T, {m) Yield (1/s) R.W.L. (m)

‘_33— Seepage /13,20 (08/05/‘63) HOLE &7 CASING .Zélw/ﬁmwlmr,\
3240 S 0,2 024 x 202 raem

D/_:l_ 24 5 87 ¥ (LS mm

OEPTH THICKNESS - DESCRIPTION .
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DRILLING RECORD SHEET  OF

-

_i’;otal Rlow Yield (1l/s) NonwE

1. LITHOLOGICAL LOG

PROJECT Lichtenburg (S5.W.C.A.) BoREHOLE 6-NO. 3523 2626 ANl JGI
FARM ﬁf'o{’fa«&«j Townlencts 27 T2 BORING NO. /29 EE 5/8

DRILLER D.E.A. CO-ORDINATES

DRILLING METHOD Air Y LATITUDE 26°04" r3”
coMMENCED  O4/0S /1763 X LONGITUDE 26 723"
COMPLETED (0 6/05 /1783 COLLAR ELEVATION /5/2,362 m

LOGGED BY Taylor F.P. Elevation /S, 35S~

7.1 (m) " vield (1/s) R.W.L. (m)

WoweE NonE wove (28/06/83) noe 37 m CASING /#m = /65 mpm

D42 ¥ 203 e IoerF Glolle
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D(EnE{’H TH::CKB{ESS DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35024 7020 AH 42
FARM Hondrikedal 1 TP BORING NO. /39&/2/2

DRILLER BB s CO-ORDINATES o
DRILLING METHOD Air Y LATITUDE  26° 02 ' 54"
COMMENCED 3_"7/0%//983 X Loneitue 26° 02! 11"
compistey D BJO5]5¢3 COLLAR ELEVATION /S03)/b6Y4 o

LOGGED BY Taylor F.P. Elevation 190,974 o

v, I.(m)% Yield (1/s) R.W.L. (m)

;2T 2 20,73 [0 bs/¥3) Woe 53~ CASING 40 V2T mann

a,/

€
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1. LITHOLOGICAL LOG
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35025 ZL2L A# 4235
FARM Hoodhacldoorns ALP BORING NO. /3??!3.’;"‘?
DRILLER D.E.A. CO-ORDINATES o )
DRILLING METHOD Air Y LATITUDE 2.6° 00" 4"
COMMENCED  OGJos — /7/0S /193 X Lonsituoe 26" Ok 1"
coMpLETED  22/06 = 13f06[19€3 COLLAR ELEVATION |S06 002 e
LOGGED BY Taylor F.P. Elevation | S06,23%4% ~
LT ol T Yield (1/s) R.W.L. (m)
vk Seepoge f (—15/05/‘753) HOLE 4 Ona CASING  3Ur* 12T e
Kl 0,2 D 4oBln [6S peck. 10 Yo Bl ol
Total Blow Yield (1/s) a, 2. T 4 B x 12T s ‘
1. LITHOLOGICAL LOG

DEPTH THICKNESS DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (5.W.C.A.) BOREHOLE 6-NO. 35026 242bAA 421
FARM Houvdharldoorre 2 TP BORING NO. /398 /4/‘?
DRILLER DB B CO-ORDINATES e
DRILLING METHOD Air Y LATITUDE ,lé" oo’ J/—/
COMMENCED /ﬁ/f?b/ﬁgﬁ X Loneituoe 26° o4 /9”7
COMPLETED 17/05,/ /7% 3 COLLAR ELEVATION /SOS, 773~
LOGGED BY Taylor F,P., Elevation 1S0S ] 20 m
v.I.(m) - vield (1/s) R.W.L. (m

‘ _7 O// 36;53 / ) HOLE 4?-“ CASING /3-’""" "/6Snu~J F’&N}\
- 24,28 (26 0{,/, 3) 0f0/2m x 203 e

A 1340 U er % 16S mmnm

Total Blow Yield (1/s) &/

1. LITHOLOGICAL LOOG

DEPTH THICKNESS DESCRIPTION
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1. LITHOLOGICAL LOG

Total Blow Yield (1/s) H

DRILLING RECORD SHEET  OF
PROJECT Lichtenburg (S5.W.C.A.) BOREHOLE 6-NO. 350019
FARM Hendriksdad | TF BORING NO. /3‘7’8’60/3 -
DRILLER DB 2 CO-ORDINATES - e
DRILLING METHOD Air _ Y LATITUDE 246° 02/ s&”
COMMENCED -,’LS/O#— /!?83 X LoneiTuoe 26° 02" 11"
COMPLETED .17/04 //‘-?@3 COLLAR ELEVATION /S03, 703
LOGGED BY Taylor F.P. Elevation 1502, 743
w' Ta (,rr} Yield (1/s) R.W.L. (m)
-l n 22,60 (!a/us/é’gj HOLE 4 3m CASING 25, = /45 rm, plaia.
3% BB TE 5 DD Baws.isn.

25 @2 < 165 mn

DEPTH TE-EICK)NESS DESCRIPTION
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DRILLING RECORD SHEET  OF

PROJECT Lichtenburg (5.W.C.A.) BOREHOLE 6-NO. 35028 242t AA AL
FARM LicATen /{wrj Townlands 27 7P  sorine No. /2398846

DRILLER D.E.A. CO-ORDINATES )

DRILLING METHOD Air ¥ LATITUDE 26° 0Ok’ /3"
coMMENCED  .0&/OSJ1A€ D ' X toneiTupg 24° 7/ 23"
COMPLETED "0/05 /(’9153 COLLAR ELEVATION FS5108 1

LOGGED BY Taylor F.P. Elevation 1S/ 032 m

7T ofut) Yield (1/s) R.W.L. (m)

o . / . 19,94 /H/DS/@%) HOLE 3B CASING 2T 16S mem,
%2_‘; /ﬂ%n\ifé—gm ek x Ot Lh » 203 nn P\C\.,Ic\ o

Total Blow Yie

1. LITHOLOGICAL LOG

a (1/s) =20 [qu pressure fOSf) Do 2 > 16S mem

?EP{H THI?KI&\ESS DESCRIPTION
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DRILLING RECORD SHEET OF

Total Blow Yield (1/s)

1. LITHOLOGICAL LOG

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35()27 =2bZb AA 425
Farm  Aoud Aaclcloores 2T P BORING NO. /3 ?%/5/5

DRILLER D.E.A. CO-ORDINATES . .
DRILLING METHOD Air y tatitupe  26° 00 45"
COMMENCED /8Jos —= /8/35/‘?8 2 X LoneiTuoe 26° ot' 238"
COMPLETED -20/96 "—’-2//60/!%:3 COLLAR ELEVATION /506,797

LOGGED BY Taylor F.P, Elevation
7.1 (m) vield (1/s) R..L. (m)
I So_ef:::.je /5/§5 ,._5/.'15/5’3) HOLE SO0 CAS]NG'-Qm*\(DSmMJ":\c\Kr\

affer dZepanig= 32> /.L 7/06/%3)
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DRILLING RECORD SHEET  OF

1. LITHOLOGICAL LOG

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35079

FARM LicATenbe LY BORING NO. }1378ES QP

DRILLER D.E.A. CO-ORDINATES . )
DRILLING METHOD Air Y LATITUDE 26° 02 ' 22"
COMMENCED ///Og//‘? € 3 X LoneiTuoe 26° 11" /8"
COMPLETED /B/OS i COLLAR ELEVATION /S09,394

LOGGED BY Taylor F.p. Elevation /50%, /02

v.I.(m) * Yield (1/s) R.W.L., (m)

2/ 0,3 /.5537/25/35/&3) HOLE 58 m~ casiNg \Ar = L6S mminn
27 2,77 Ot Q% 2002 n plai~

Total Blow Yield (1/s)> 3,0

VA4 TE 1 6S e nn

DEPTH THICKNESS DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (S5.W.C.A.) BOREHOLE &-No. 35030 7424 il 460D
FARM Z/c/ifénéurj Townlands 27 TP BORING NO. /3 ?886/2‘—

DRILLER D E s CO-ORDINATES o o
DRILLING METHOD Air y LaTiTuoe 26° 07" 29"
COMMENCED /3/35/!‘?83 X Lonaituoe 26° 10 09"
COMPLETED /5//05/!?8’3 COLLAR ELEVATION /4 &7 &//n.

LQGGED BY Taylor F.P. Elevation  1#%7,337 ~

I Yield (1/s) R.W.L. (m)

(NONE NONE 5,37 /;5/05/53) HOLE 50 A~ CASING 22 */6Smm, plain
. 0 4o L2 2 2 3mmnm -

i}fatal Blow Yield (1/s) MNOVE - 2240 SO~ ¥ [6S

1. LITHOLOGICAL 1L0G
DEPTH THICKNESS ' DESCRIPTION
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DRILLING RECORD SHEET OF

PROJECT Lichtenburg (S.W.C.A.) BOREHOLE 6-NO. 35145
FARM Afcﬁ?@néug’gwnfmds LRI BORING NO. /3?75%,?&'—/_0
DRILLER AN CO-ORDINATES o -
DRILLING METHOD Air Y LATITUDE 25"0’7’ Lno”
COMMENCED /?/05//?5”3 | e LONGITUDE 26° /0’ ¢ 7"
COMPLETED 23/05//75’3 COLLAR ELEVATION /484,327
LOGGED BY Taylor F.P. Elevation 1484120
v.I.(m) ™ vield (1/s) R.W.L. (m)
g 043 2,39 /15/05/?3) HOLE S5O cASING /€ x /65 mnr
. 040 18mn203ma  perf 12 1 1€
g@étaj_ Blow Yield (1/s) OM3 € fo S0 x (65 mm
1. LITHOLOGICAL LOG
DEPTH THICKNESS ) - DESCRIPTION
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APPENDIX 3

WATER CHEMISTRY DATA
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Appendix-  Chemical analyses of groundwater samples . costituentsin mg/! -
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Appendix -

Chemical cnalyses of groundwater samples

, constituentsin meq/l(epm) -
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Appendix-

Chemical

anclyses of groundwater zamples

;. costituentsin mg/l -
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Appendix- ;

Cherical analyses of groundwater samples .

, constittentsin megq/l(epm) -
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APPENDIX 4

VOLUME OF ROCK DEWATERED CALCULATIONS

EVAPORATION DATA
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