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ABSTRACT

The main objective of this investigation was to ascertain whether or not
groundwater offered a permanent solution to Williston's water supply

problems.

The safe yield of the groundwater units containing the existing municipal
boreholes was estimated to be about 200 nF/day, while municipal water

requirements are expected to rige to about 600 nf/day in the near future.

Two new groundwater units were identified. Both of these units straddle
the municipal boundary. The safe yield of unit A, situated to the east

of Williston, was estimated to be 1170 nF/day, the water quality averaging
450 mg/f. Unit B, situated to the gouth~east of Williston hag an estimated
safe yield of 19,6 HP/day and water with a total ﬁissolved solids content

in the 350-400 mg/f range.

Although these safe yield estimates should be congidered only as very rough
guidelines, subject to revision, they do suggest that groundwater could
solve Williston's water supply problems. Furthermore, geologieél and |
borehole evidence suggest that additional exploitable supplies are present

in significant quantities outeside the mmnicipal area.

Exploitable groundwater supplies are usually only found in fractures
associated with dolerite intrusions. It is suspected that aerial
photographs and Landsat images might be of value in delineating areas where

groundwater prospects are better than average.
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SAMEVATTING

" Die hoofdoel wvan die grondwaterondersoek in die Williston omgewing was om
vas te stel of grondwater m permanente oplossing vir Williston se terug-

kerende watervoorsieningsprobleme kan bied.

Die geraamde veilige lewering van die grondwatereenhede waarin die bestaande 1
mnisipale boorgate geles is, is sowat 200 nF/dag. Daar word verwag dat f
die munigipale waterbenodighede in die toekoms in die orde van 600 m?/dag

sal wees.

Twee nuwe grondwatereenhede is omlyn. Beide hierdie eenhede is grotendeels
binne die mmnisipale gebied geleé. Eenheid A, oos van Williston, het n
veilige lewering van sowat 1170 EF/dag en die grondwater het 'n gemiddelde
k.o.s. van L450 mg/f. Eenheid B, suidoos van die éorp, het m geraamde
veilige lewering van 19,3 n?/dag terwyl die gehalté van die water in die

350-400 mg/f k.o0.s.-klas val.

Hoewel hierdie leweringsyfers net as ' rowwe skatting beskou moe%.word, Blyk
dit tog dat grondwaterbronmne Williston se watervoorsieningsprobleme na die

verlede sal verwys. Geologiese inligting en gegewens van bestaande boorgate
dui daarop dat bykomende water in ontginbare hoeveelhede selfs nog buite die

munisipale gebied bekom kan word.

Ontginbare grondwater word telkemale aangetref in nate wat met dolerietintrusies
geasgsosieer is. Dit word vermoed dat lugfoto's en Landsat beelde van waarde

mag wees by die seleksie van areas met bogemiddelde grondwater potensgiaal.
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1. INTRODUCTION

Water shortages have been a recurring problem throughout Williston's
gxistence. Although numerous borehole siting exercises were carried out
by the Geological Survey in an attempt to alleviate the problem, no
permanent solution was ever found. The most recent geohydrological work
was done by M F Borcherds in 1972/73, and yet by 1975 the municipality
found it necessary to ask for gofernment assistance in obtaining a more

reliable water suppiy.

The fundamental objective of this investigation was therefore to ascertain,
once and for all, whether or not groundwater offered a permanent solution

to Williston's water supply problems. This involved identifying any
groundwater units present and estimating the safe yield of these units.

A secondary objective of the project was to investigate methods of selecting

borehole sites in the case of fractures associated with dolerite intrusions.

Field procedures used to realise these objectives were geological mapping,
a borehole survey, magnetic work, exploration drilling and pumping tests.
Geohydrology staff members W E Bertram (preliminary mapping from aserial--

photographs), D Anderson (borehole survey) and P L Havenga (pumping tests

on municipal boreholes) assisted in the project.

The regional location of Williston in the western interior of the Cape

Province is shown on the figure below.
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FIG. 1 LOCATION OF WILLISTON

The mean radius of the investigation area was 15 km (fig. 2). The investiga-
tlon area is covered by the 3120 BD (Williston) and 3121 AC (Walkraal)

1:50 000 topographic maps. Field data have been stored in Ch envelope
number 537.

This report deals with work carried out between October 1981 and July 1983.
Further fieldwork in the study area was initiated during August 1983 with
the objective of analysing a spectrum of geohydrological topics in more

detail than is normally thought necessary for a standard source investigation.
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2.  BACKGROUND INFORMATION
241 PREVIOUS INVESTIGATTONS

Report No. 252 - Advice on Water Supply : Town Council Williston, C P.

(F C Truter, 1937)

Following a days reconnaissance viseit two areas were delineated where
Williston might find sufficient water supplies, and specific borehole
gites were selected. Since no map is included it is not absolutely

clear where these borehole sites were.

Report No. G105 (F W Schumann, 1949)

Schumann and Truter carried out a borehole siting exercise for the municipality
between 6-11th December 1948. Five sites were selected: G3691, G3667, G3692,
G3695 and G3686. These sites, together with the éxisting boreholes were
plotted on a sketch plan (G143/Ghp L58). Schumaén concludes that these
boreholes will only bring temporary relief to the'water supply problems

and that the Sak River must be used to effect a permanent solution.

Mention is made of a plan by Ninham Shand, Consulting Engineers, to pump

water out of the Sak River to the earth dam immediately to the north-east

of Williston, thus improving the recharge to the boreholes below the dam.
Schumann makes the interesting agsertion that groundwater will not be
intercepted in the parts of the minicipal area covered by dolerite sheets

even though all sites selected by him were situated on guch sheets.




Report.No. 69, - Waterskema Williston (0 R van Eeden, 1950)

This report details the planned scheme to pump water from the Sak River,
sﬁored temporarily in "saaidamme", to the earth dam immediately north-
east of Williston, so that this water can recharge the boreholes below
the dam. 0 R van Feden makes the point that it is not kmown how much
of the water infiltrating and then stored underneath the earth dam will
eventually become reclaimable. F W Schumann asserts in this report that

the rate of infiltration for the dam concerned is relatively fast, observing

that it takes between one and two weeks for the completely full dam to empty.

The final part of report 69 gives the detailed plan by Ninham Shand to pump
water from the Sak River, and also gives a breakdown of costs. Ninham
Shand meke the pertinent point that flow records for 1930-50 might not be
representative of the worst possible flow conditions for the Sak River,

and that water restrictions might still be necessary in the future, even
with the planned pumping scheme. '

i

Report G357 (F W Schumann, 1958)

This report relates primarily to a borehole siting exercise. Sites G11656,
G11657 and G11658 were selected. These sites, together with several
existing boreholes are plotted on a geological profile (Go 143). This
profile also gives the divisional numbers for boreholes drilled by the

Drilling Services Subdivigion.

The 1957 water requirements for Williston were estimated to be 200 Eﬁ/day.

Schumann maintains that the Sak River should be congidered as the principal

supply of water for Williston with boreholes merely providing supplementary

water. At this time the scheme to pump water from the Sak River was in use




although Schumann reports that the Sak River had not been in flood since
November 1956. Various suggestions were made as to how this scheme

could be improved.
At this time the mnicipality were offering a prize of £1000 to any private
person drilling a borehole with a yield of 2000 gph or more, of fresh water,

after a 12 hour test.

Report no. GH 1783 - Boorgat-opname en aanwysing van Boorplekke vir

Munigipaliteit Williston - Distrik Williston (M F Borcherds, 1972)

This report gives a very thorough inventory of all the boreholes situated
within the municipal area. Borehole sites G26890, 26891, 26892, 26893,
2689 and 26895 were selected. Borehole positions are shown on an
unnumbered enclosure. A geological map is also included, but should not
be taken seriously because it gives a totally wrong impression of the

geology of the area. The sites where magnetic and resistivity work were

carried out are shown but the results of this work are not included.

Report no. GH 1802 - Wwilliston Munisipaliteit, Geohidrologiese, Geofisiese

Opname en Boorplekaanwysing (M F Borcherds, 1973a)

The results of electromagnetic and magnetic work were used to modify the sites

given in GH 1783 and to select new borehole sites. Geophygical field curves
are included. A summary of the results of the drilling work is given in
the report, but for full details the field data have to be searched. A
summary of a pumping test on borehole G26893 (renumbered WN6 in the present
report) is given. This was the only succesful borehole arising out of the

1972/73 work.




2.3 PRECIPITATION DATA

Annual precipitation data, for the years 1958 to 1982, have been plotted
in histogrem form (fig. 1),  For this period the mean annual precipitation
was 178mm. The below average precipitation for the years 1978, 79, 80

and 82 can clearly be seen.
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3. WILLTSTON'S WATER PROVISIONS AND REQUIREMENTS

3.1 EXTSTING MUNICIPAT WATER SUPPLIES
The quantities of water abstracted from the municipal boreholes for the
years 1980 to 1982 are given in fig. 5. The average daily abstracted
quantities are:

1980 - 342 o /dsy

1981 - - 320 r° /day

1982 - Lhl, o° /day

The municipality arrived at these figures by multiplying the pump capacity
with the number of hours pumped for all the boreholes in use. Thus,
dropping yields caused by drought and/or overpumping are ignored, so that
actual abstraction figures will be less than the mqnicipal estimates when
dropping yields do occur. y
Water is supplied by boreholes WN1 to 8. Borehole WN6 was drilled following
the work of Borcherds in 1972 (Borcherds, 1972) while the other boreholes

pre-date the 1972 investigation.

Water restrictions were enforced from 3-2-1981 to 2-3-1981 and from 22-12-82.
This water restriction was still being applied at the time of writing this
report (August 1983). According to the town clerk no other water restric-
tions have been applied from 1975/6 onwards. These restrictions normally -
place a limit on the outside use of water. For example the 1982/3

restrictions allow gardens to be watered for 2 hours a week only.
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3.2 FUTURE WATER REQUIREMENTS

An estimate of future water requirements can be made by extrapolating past
. consumption figures. The following average daily consumption figures were
calculated from the available data (report Gh 1783, and the Williston file):
1970 : 242 o /day
1971+ 179 o /day
1975 = 341 of /day
1976 : 303 o /day
1980 : 3L2 r’ /day
1981 : 320 rf /day
1982 & Ll w /day

By assuming an overall linear variation in water consumption with respect

to time the water demand for the year 2000 can be estimated to be 655 n?/day.
On the other hand, if it is assumed that population levels will remain static
to the year 2000, and if it is further assumed that the daily consumption

at that time will be 200 ﬂ/day for whites and 150 ﬂ/day for non-whites,

then an estimated water demand of 580 n?/day is arrived at.

From these calculations it seems reasonable to assume that Williston's
medivim term water demand will be in the order of 600 m° /day. As mentioned
in Section 3.1, it is by no means certain what the exact water consumption
ig under adverse conditions because dropping yields of boreholes are not -
taken into account. If the water consumption in 1981 is taken to represent

the total yield of the municipal boreholes under worst possible conditions,
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and this figure is reduced by 6@%-to allow for dropping yields; then it can
be argued that the existing municipal boreholes can only supply about

200 ° /day on a contimual basis. Thus, an extra 400 ° /day would be required
in order to meet the deficit between supply and future demand as estimated

above.
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L. GEOLOGY

Williston has an elevation of approximately 1080m above mean sea level and
ig situated some 1,5 km to the north-east of the Sak River which follows
a roughly east-west course. The geclogy of the Williston area is shown

on Enclosure 1, GHp 6070.

Alluvium in the Williston area vdries from red and sandy to light grey and
clayey. The typical width of alluvial deposits associated with the Sak

River is 1 km.

Sedimentary rocks in the investigation area belong to the Ecca Group.
Tierberg Shale consists principally of shale and outcrops only on the
cadastral farm Lekkerleg 179 to the west of Williston. Resting on the
Tierberg Shale is the Waterford Formation which comprises mainly sandstone.
The Waterford Formation outcrops throughout the iqvestigation area. The

i

dip of the sedimentary rocks, is, for all practicél purposes, horizontal.

Dolerite sheets form a large proportion of the surface geology. For the
purposes of this investigation two main sheets are recognised: The "OUpper"
dolerite sheet outcrops in the Municipal Allotment Area and on %he cadaétral
farms Bokvlekte and De Kruis. Usually an underlying band of sandstone
separates the "Upper" dolerite sheet from the "Lower" dolerite sheet which
occurs throughout the investigation area. However, in certain cases, the
two sheets merge. Local lateral branching of the major sheets into two

or more smaller sheets also occurs.
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Subsequent exploration drilling revealed that the Upper dolerite ;heet
occurs- as a saucer-like structure'in the investigation area with a tilt
towards the south-east (figs. 6 and 7). Thus the north-western rim of
this seucer has a higher elevation than the south-eastern rim, while the
south-western and north-eastern rims have approximately equal elevations.
Dips within this saucer structure, as calculated from borehole information,

seldom exceed 1,5°.

Dolerite dykes occur throughout the investigation area and are usually less

than 13m in width.
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5. - GEOPHYSICS : MAGNETICS

Recomnaissance type traverses were taken across dolerite gheets and short
traverses across magnetic dykes (Appendix I). The purpose of the work

oﬁ sheets was to investigate the possibility of identifying localised
high-yielding fracture zones from magnetic anomalies. However, subsequent
drilling revealed that high-yielding fractures associated with dolerite
sheets in the Williston investigation area were either present virtually
everywhere in a given groundwater unit or else were totally absent.

These fractures were, therefore, decidedly non-localised although local
magnetic anomalies were detected in both high-yielding and dry groundwater
units. This indicates that megnetic anomalies bear no relation to ground-

water occurrences in this particular case.

Magnetic anomalies were also used to position borehole sites on dykes where
€XpPOoSures were pooT. It was found that boreholes, could be positioned

i

reasonably accurately with respect to the dyke using this method (boreholes

G33071 and G33072).
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6. BOREHOLE SURVEY

Borehole sites have been plotted on Enclosure 1 (GHP 6070), while details

ef the borehole survey are given in Appendix II.

Water quality was measured using a conductivity meter. This reading was
then multiplied by a constant to obtain the total dissolved solids (T.D.S.)
measured in mg/ﬁ. Of the 123 measurements taken only 8 exceeded the 1971
SABS limit of 2000 mg/£. Boreholes yielding this salty water were almost
always situated in the flobdplain of the Sak River. However, the converse
is not true since not all the boreholes situated in the floodplain of the
Sak River deliver salty water. For example, borehole DS6 on the cadastral
farm De Kruis delivers water with a TDS of 1586 mg/f. The reason for this
anomolous, relatively fresh, alluvial water is not known. However, the
water quality data do imply that fresh water (TDS less than 2000 mg/f) can

be intercepted at any location away from the Sak River.

Excluding the municipal boreholes, all the boreholes equipped with engines
are situated in the south-western quadrant of the investigation area (fig. 8).
This feature is probably just a peculiarity arising from the shape and extent
of the investigation area, and no particular significance should be attached
to it because high-yielding boreholes are reported beyond the investigation
area in other directions. A list of all the boreholes equipped with

engines, together with their average daily abstraction figures, as calculated
from yield measurements made by the Division of Geohydrology and pumping

times supplied by the owner, is given below:
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Borehole number Average daily yield (m’ /day) 7.D.S. (mg/8)
MK 3 29 1099
“ AK bLa L2 1701
AK12 2 1723
AT L6 1207
DS 6 60 1586
PST Uy approximately 1007 1229
PSTA7 ; 29 873
RT U ) 88 917
BT 6 78 936
SN 7 98 730
SN12 58 L6l
SN17 111 508

Total = 741 o /day

'
i

The total quentity abstracted suggests that a grdundwater solution to
Williston's water supply problem ought to be feasible, especially when it
is recalled that in Section 3.2 it was estimated that Williston requires

additional water supplies in the order of LOO n?/day.

Since the majority of the boreholes listed above intercepted water in fractures
aggociated with dolerite dykes and/or dolerite sheets (fig. 9), and since
dolerite intrusions are widespread throughout the investigation area, the

chances of intercepting similar yields in similar geological environments

in other parts of the investigation area should be favourable. This means
that the exploitation potential of the entire investigation area could be

far in excess of Thi mw /day.




V.-V
v .M
v
vooMml
vV
v VL
T
oyl - j
Vs & ; T
o v| . dolerite sheet y
v - :
Ly VoV v
V -: < -
w V| V R A A\
— A1
L 1a 9 oV
L VoV sandstone
V.oV
Wuter'intercept‘ion
Key Water intercepted at: Examples
1a lower dolerite contact G33060,G33068, WNGE,WN9 ,SN7
b v y iy G 33061
2 dolerite sheet interior WN 2 ,WNS
3 weathered /unweathered PST 4 ?
dolerite contact
b upper dolerite contact WN1,RT4 ? ,RT6 ?
5 dyke / sheet contact G 33065, PST 17
| 6 alluvial zone DS 6 7
o

FIG 9  Geological situations associated with high-yielding boreholes
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7. DRILLING PROGRAMME

The main purpose of the drilling programme was to identify and delineate
groundwater units containing exploitable groundwater supplies. Secondary

obJectives were to clarify the structure of certain dolerite intrusions,

investigate the relationship between high yields and geology end test methods

for siting high-yielding. boreholes. Six observation horehcles were drilled

for pumping test purposes.

A total of twenty-six boreholes were drilled between 24-1-83 and 12-7-83 to
a total depth of 1933m. Borehole details are given in Appendix III, while

borehole positions are given in fig. 10 and Enclosure 1 (GHP 6070).

Two new groundwater units were located. Unit A is located to the east of
Williston and contains boreholes G33060, 61, 68, 69, 70, 75, 76, 77, 78 and
19. This groundwater unit is situated within thg.“Upper" dolerite sheet
described in chapter L. Yields of approximatelnyS £/s were intercepted
throughout this unit, at the lower contact of the dolerite sheet, usually
in baked sandstone a few metres below the actual contact. At the time of
this investigation borehole G33075 was artesgian, overflowing at a rate of
10 £/s (22-6-83). The average groundwater guality for this uni%, as

determined from field conductivity measurements, was L57 mg/#.

Unit B is situated to the south-east of Willieton. The highest yielding
borehole within this unit (G33065) had a blow-out yield of L £/s. Water
was intercepted at a depth of 11m at the intersection of a dyke contact and
an upper dolerite sheet contact (fig. 11). Other boreholes drilled in

this unit were G3306L, G33083 and G3308L4. The average water quality within
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this unit was 387 mg/4.

_ The remaining boreholes, drilled mostly on dykes, and through a dolerite
gheet in the Sak River wvalley, were effectively dry. This poses the
question why dolerite structures deliver high yields in certain areas and
not in others. At this stage it is only possible to list the differences
that have been noted between areas giving high yields and dry areas. For
example, unit A contains a tilted basin dolerite structure and a high
density of linear features visible on both satellite images and aerial
photographs, while the dolerite sheet along the Sak River is flat and
contains a dearth of linear features. It is beyond the scope of a normal
investigation to attempt to discern whether these differences listed are
meaningful or not, although the veriations in linear features seem to be

worthy of further investigation.




8. PUMPING TESTS

18

8.1 EXISTING MUNICIPAL BOREHOLES

ar

From L4-2-82 to 24-2-82 municipal boreholes WN 1, 2, 3, 6, 7 and 8 were tested

by the Division of Geohydrology in an attempt to obtain a better understanding

of the safe yields of the groundwater units in which they lie. The main

details of these tests are tabulated below:

Borehole no.
Date commenced

Length of test
(min)

Initial yield

(£/s)

Final yield

(&/s)

Initial water level
(m) below collar

Final water level
(m) below collar

Depth of intake
(m) below collar

Borehole depth (m)

Average quality
D8 (mg/2)

Recovery time (min)
Water level after

recovery (m) below
collar

WN 1

8-2-82

360

0,65

0,65

28,53

32,91

33,53
37,19

426
360

30,06

WN 2

16-2-82

L320

1,95

0,26

18,87

27,00

L6,33
56,08

Lh23
3500

18,82

WN 3

10-2-82

li500

1,57

1551

52,05

55,20

58,52
6ly,01

LhL
3000

50,79

W 6

22-2-82

2895

L7,L6

58,52
89,00

Les
1400

34,09

WN 7

8-2-82

L260

0,69

0,58

19,28

20,63

30,48
37,80

L65
1,260

19,16

WN 8
-2-82

1020

2,08

1,67

36,31

L2,50

L2,67
61,57

397
2500

36,55
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%mt%RSMththwﬁﬂ@,&@ﬁ@yRM&d%pmwrhmmam
water levels close to the pump intake level were prevalent characteristics
of the-municipal boreholes during February 1982. These facts suggest that
the final yields of these boreholes camnot be maintained on a continual
Gésis. Thus the safe yield of the groundwater unit or units in which
these boreholes lie must be less than their combined final yield of 539 m?/day.
This assertion is supported by the fact that a number of these boreholes

have dried up since the time of testing.

8.2 TESTS ON G33065

Pumping tests on borehole G33065 described below were carried out with a
75mm mono pump with the intake at a depth of 25m. The location of the
borehole is given on Enclosure 1 and fig. 10. A plan of the test site

(fig. 12) and a geological section (fig. 11) have been drawn up.

8.2.1 Step-drawdown test

Borehole é33065 was pumped for 55 minutes at 2,91 £/s, then 50 minutes at
3,56 £/s, 60 minutes at li,33 £/s, 60 minutes at 4,83 £/ and finally for

60 minutes at 5,60 £/s. The resultant step-drawdown curves have been
plotted on semi-log paper (fig. 13).

Using a step-drawdown calculator program (Seward, 1982) values of B = 1,33 x_
1073 day/if and C = 3,66 x 106 day? /ub for the formation and well loss cof-

ficients respectively were obtained. These values can be used to calculate




distances: -~ 633065 —— 633084

© 633065 ——G2083 " = 31, Tm
G33065 ——G33064 = 6, Om
\
0'G33084 North

Scale: I1cm = 10m

7 23 Om

G33065 = pumped hole

G33064

FIG, 12

G33065 pumping test site plan.
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a percentage well loss of L2% for the constant rate test yield of 3,1 £/s. ~
However, it is by no means certain that the Jacob step-drawdown equation

holds true for the fractured aquifer in question.

8.2.2 Constant rate test

Borehole G33065 was pumped for 3 days at 3,1 £/s during which time the
water level dropped from 7,185m to 9,928m, while the water quality averaged
380 mg/k. Water levels were also measured in observation boreholes G3306l,

83 and 8.

A graph of drawdown against the root of time has been plotted on linear
paper (fig. 1l4). The straight line plots obtained are a characteristic
feature of linear fracture flow. It can be seen that all the observation
boreholes had virtually identical drawdowns. The.difference between
observation and pump hole drawdowns can be ascribéd to effects that fall

loosely under the heading of "well losses".

Using linear regression the following relationships were calculated:

G33065 : s=Qx% /%t % 0,00535 + 0,19

It

Observation
holes : 8

Q % Vfﬁ_ % 0,00l416

vwhere s = drawdown (m)

I

Q = yield (o’ /day)

t = time (day)

[
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Since all the boreholes are situated within the main fracturevéystem it is
not possible to calculate hydraulic characteristics such as transmissivity
%pd storage from the pumping test data. Additional observation boreholes
dfilled further from the pump hole might be of little value for pumping

test purposes because it is highly likely that the main fracture system is

bounded by a completely, or virtually, impermeable system.

Three days after staopping the pump the water level in G33065 was 7,605m,
which was 0,42m short of its original rest level. Complete recovery was

effected approximately ten days after the pump had been stopped.

8.3 TESTS ON G33069

Borehole G33069 was tested using a turbine pump with a 120mm intake and 100mm
pipes. The location of the test site is given on Enclosure 1 and fig. 10.
A pumping test site plan (fig. 15) and a geological section (fig. 16) are

included.

8.3.1 Step-drawdown test

Borehole G33069 was pumped for L7 minutes at 16,L £/s, then 50 minutes at
19,2 £/s, 50 minutes at 21,6 4/s, 50 minutes at 22,6 £/s, 60 minutes at
25,2 £/s and finally for 60 minutes at 26,8 £/s. The resultant drawdown-
time curves have been plotted on semi-log paper (fig. 17). Values of
B = 3,09 x 1014 day/ef for formation loss and C = 2,26 x 10-T day? /m5> for

well loss were obtained using the calculator program. These values of B




. distances: . o Sy
Gl 633069 — (33068
-+ G33069 — G33060 -

v

. 633069 — G33070"

64- 8 m: :
19, 5m
+231,.0m

Hoon gy

O G33060

G33065 e
= pump hole
© G33070

Scale: lem = 10m

S lRertht

LFIG 15 G33069 pumping test site plan,
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and C give a well loss of 53% for the constant rate test yield of 17,9 £/s.
However, linear fracture flow rather than radial flow is involved and it is
by no means certain that the Jacob step-drawdown equation, with associated
B; ¢ and well loss values 1s applicable. It is possible that in cases
such as these the whole concept and terminology of step-drawdown tests

need to be revised.

8.3.2 Constant rate test

Borehole (33069 was pumped for three days with a constant yield of 17,9 £/s.
The rest level prior to pumping was 3,585m and the final drawdown was
8,190m. Water quality averaged L19 mg/f. Three days after the pump was

stopped the water level was 5,332m - short of the original rest level by

1, 74 7m.

The interpretation of this pumping test was greatiy facilitated by the fact
that the groundwater unit concerned had been well defined by exploration
drilling (figs. 6 and 7). It was known that the horizontal fracture
intercepted in borehole G33069 extended for several kilometres and occurred
virtually throughout the entire groundwater unit. It was also known that
the main fracture had to be limited by an impermeable boundary in the
direction of groundwater flow in order to account for the observed artesian
and sub-artesian conditions. The drawdown-time curves obtained (fig. 18)
were therefore interpreted using a fracture flow method. The following )
relationships were obtained from a linear plot of drawdown against the
square root of time:

Qx Vi x 1,27 % 10-b - 0,52

Q% Jt = 1,28 % 10~k - 0,84

G33069 = pump hole : s

Il

observation boreholes: 8
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The drawdowns for the observation boreholes have been grouped together
because they are virtually identiecal. A correalation coefficient of 0,999
was ob%ained for the straight line fitted to both the pump hole and ovservation
holes data, which supports the choice of interpretation procedure.

Normal fracture flow pumping test interpretation methods, correctly applied,
cannot be used to calculate transmissivity and storage values for this
particular aquifer because it consists principally of one major fracture
without any surrounding secondary fractures where flow might tend to

become radial rather than linear.
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9.  CGROUNDWATER CHEMISTRY '

Chemical analyses of water samples taken from minicipal and private boreholes

as well ag from the 'G! boreholes drilled in 1983 have been represented on

a Piper diagram (figs. 19 and 20).

According to the literature (Johnson, 1975, for example) a Piper diagram can

be used to divide groundwater into types as shown below:

KEY

Class of_Water
Field T Sodium Chloride
Field 1 Stagnant
Field Tif Recent Recharge
Field v Dynamic

/%/\\@

FIG. 21 Chemical character of groundwater gs

shown by a Piper diagram.

Thus it can be seen that the majority of the Williston samples fall under the-

recent recharge, stagnant or sodium chloride water types. The lack of

groundwater belonging to the dynamic type could Possibly be due to the fact

that the underground movement of water is relatively limited, In other
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words, water composition progresses directly from a recent recharge type téu ‘

a static type without any significant underground movement.

It is interesting to note that samples from the municipal boreholes fall

mainly under the recent recharge type, as do samples from groundwater

unit B, while samples from unit A fall Just within the dynamic type.

Finally it should be noted that high total dissolved smolids are not necessarily
associated with stagnant and sodium chloride water types in the Williston case.
For example water from borehole G33063 plots clearly as a sodium chloride type
yet has a total dissolved solids of only 273 mg/4. Water from borehole (33063,
along with other samples showing similar characteristics, was intercepted in
sandstone, while water with a similar total dissolved solids but of a recent
recharge or dynamic type was commonly asscciated with water intercepted in

or near dolerite. Thus it is possible that geological factors are as
important, or even more important than the relativé position of water in

the groundwater cycle in determining the water tyﬁe of a given sample in

the Williston area.
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10.  SAFE YTELD ESTIMATES
10.1  GROUNDWATER UNITS CONTAINING EXTSTING MUNICIPAL BOREHOLES

In section 3.2 it was argued that the measured rate of groundwater abstraction
under the least favourable recharge/storage conditions is a good indicatoxr

of safe yield, and a figure of 200 EP/day was obtained for the groundwater
units containing the municipal boreholes. A better estimate cannot be
obtained using, for example, pumping test or geological data because there

are too many unknown factors. However, it should be possible to obtain a
better safe yield estimate if abstraction figures are obtained more accurately
using meters rather than estimates based on the number of hours pumped and if

these measurements are maintained over a number of years.

10.2  GROUNDWATER UNIT A

This groundwater unit contains boreholes KK 1, G33060, G33061, 33068, G33069,
G33070, G33075, G33076, G33077, G33078 and G33079. Safe yield estimates

were made using three methods:

Water stored in fracture:

From drilling evidence it is estimated that the average width of the fracture
aperture is 200mm, and it is agsumed that the fracture extends throughout
the groundwater unit, the surface area of which is 48 knf. If it is
further assumed that water stored in the fracture will have to be capable
of meeting a L year demand without recharge - l years being the maximum
duration of periods with below average rainfall - then the safe yield can

be estimated by:
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(surface area) x (aperture width)/(L x 365) i /day

= - 7671 ° /day

_ Pumping test extrapolation:

A safe yield estimate can also be calculated from the maximum yield that can
be pumped over a l year no-recharge period without the water level dropping
below the water interception. Trom the drawdown-time equation derived in Section
8.3.2 +the safe yield is then given by:
(s + 0,52)/(V/& % 1,27 % 10-1) o /day
= 12 88Y ’ /day

Percentage recharge:

It is commonly assumed that 5% of the mean anmnual precipitation is effectively
recharged when dealing with the Karoo environment, although there is very
little evidence available to substantiate this figure. However, if this
figure is accepted, and if it is assumed that all;the water recharged into
unit A becomes available for abstraction, then the safe yield can be
estimated by:

(mean annual precipitation) x (surface area) x 5% + 365 (r? /day)

= 1170 o /day

The first two estimatgs utilise groundwater storage principles while the
final method is based on recharge. Obviously, there is likely to be a
large degree of uncertainty in all three methods. However the percentage
recharge value is selected because it is the lowest. The safe yield of =

groundwater unit A is thus estimated as 1170 m?/day.

P PUIROE TR - P R S T e




28

10.3  GROUNDWATER UNIT B

This unit contains boreholes G3306lL, 65, 83 and 8L. The same procedures

as in section 10.2 were followed to estimate the safe yield of this unit.

Water stored in fracture:

By assuming that the fracture aperture is 50mm and that the surface area of

the groundwater unit is 2,5 knf the safe yield is estimated to be 85 w /day.

Pumping test extrapolation:

From the drawdown-time equation derived in section 8.2.2 the safe yield is

calculated to be 19,6 m /day.

Percentage recharge:

This method gives a safe yield of 61 m /day.

i

The lowest of these three values is selected, giving an estimated safe yield

for groundwater unit B of 19,6 m /day.

10.4  CONCLUSIONS

The final safe yield estimates are:

groundwater units containing existing municipal boreholes 200 n?/day

Il

groundwater unit A

groundwater unit B 19,6 1 /day

Total 1390 1w /day

Il

1170 o /day-_
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It hardly needs to be pointed out that these estimates are likely to contain
congiderable marging of error. To allow these estimates to be revised
reliable abstraction records should be maintained, and records of rainfall

data and waterlevel fluctuations should be kept.

It should also be remembered that groundwater occurrences in the investigation
area are not limited to the units described above. These units were considered
to be examples, or type cases, of similar units in the area and were therefore
investigated in detail. The fact that private boreholes equipped with

engines, scattered throughout the investigation area, were yielding a total

of Tl EF/day suggests that the safe yield of the entire investigation area

could easily be as much as 2-3000 m /day, or more.
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11.  DISCUSSION

11.1  OPTIMUM UTILISATION OF GROUNDWATER UNTIT A
Since the municipality are planning to use bhorehole G33076, situated
within unit A, it seems worthwhile to comment on +the optimum utilisation

of this unit.

Firstly, it should Bé understood that if any one of boreholes G33060, 61, 68,
69, 70, 75 or 76 is pumped then an appreciable drawdown will ocecur in all

the rest of these boreholes. This fact was determined from temporary vater
level recordings while drilling was underway. Furthermore, the constant
rate test on borehole G33069 produced a nearly identical drawdown in borehole
G33061, situated 1,5 km to the east of borehole G33069. Therefore, from a
groundwater management point of view, it would be ill-advised and totally

uneconomical to pump more than one of the above—meﬁtioned boreholes.

It can also be argued that no other horeholes within this unit, for example-
G33078 and 79 at Bokvlakte, should be used unless it is proved that there

is no hydraulic connection between these boreholes and borehole G33076.

This can be determined if water levels are monitored throughout this unit.
It should be remembered that if impermeable boundaries are found then unit

A should be referred to as a set of units rather than a single unit.
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11.2  COMMENTS ON GROUNDWATER MANAGEMENT

Even though the estimated safe yield of groundwater unit A (1170 r° /day)
exceeds the estimated future municipal requirements of 600 m /day, it
would be very unwise, from a groundwater conservation point of view, to

rely solely on this unit for the town's water supply for two reasons:

- the figure of 1170 m’/day was obtained by assuming that 5% of +the
mean annual precipitation effectively infiltrates this groundwater
unit and is thus,_at best, only a rough estimate. Subsequent
abstraction, rainfall and water level measurements might, for example,
reveal a percentage recharge as low as 1%, and this would indicate a

safe yield of 23l o° /day rather than 1170 m/day.

- Infiltration of rainwater into unit A is likely to be slower than for
the other units, where water was generally }ntercepted at shallower
depths. FTurthermore, subsurface outflow from unit A is prevented
by the presence of impermeable boundaries, while subsurface outflow
from the other units is a distinect possibility. To take advantage
of this situation it seems sensible to utilise unit A du;ing dry_

spells, and the other units during periods of active recharge.

Thus, a sensible groundwater policy would be to use different groundwater
units on a rotational basis, baking due note of periodic fluctuations in
rainfall. This procedure should be applied to groundwater units as a -

whole rather than individual boreholes.

TEESIRETNRPIP NS~ PP T
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CONCLUSIONS

The safe yield of the groundwater units containing the existing municipal
boreholes was estimated to be in the order of 200 nf/day, while municipal
water requirements in the near future were estimated to be about 600 u?/

day.

Two new groundwater units were identified. Both these units straddle
the mmnicipal béundary yet can be tapped by boreholes situated within
the municipal area. The safe yield of unit A, situated to the east
of Williston, was estimated to be 1170 r’ /day, while that of unit B,

situated to the south-east of Williston, was estimated to be 19,6 EF/day.

The safe yield estimates for units A and B are, at best, only very rough
guidelines. They should be revised after water level, abstraction and

rainfall data have been collected for a numben of years.

Water from unit A has a total dissolved solids value averaging L50 mg/4,
while water from unit B has a typical total dissolved solids content of
350-L:00 mg/ﬂ. The TDS of groundwater away from the Sak River is almost
always less than 2000 mg/ﬂ, while groundwater in the floodplain of the

Salk River often has a TDS greater than 2000 mg/f.

Exploitable groundwater occurrences within the investigation area are
not limited to units A and B and the municipal boreholes. Indeed, it
was argued that the safe yield of the entire investigation area could

well be in the order of 2000-3000 &’ /day.
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Magnetic methods were found to be of no value in locating high yielding
fractures associated with dolerite intrusions. Preliminary studies
suggest that aerial photographs and Iandsat images might be of help in
delineating areas where groundwater prospects are better than average.
It is suspected that the chances of intercepting high yields might be
greater in areas with a high density of linear features, and less in

areas with a low density.

At the time of wiiting this report the municipality were making prepara-
tions to use borehole G33076, situated in groundwater unit A. It is
strongly recommended that no other borehole in this unit should be used

unless water level measurements indicate that it is desirable to do so.

P SEWARD

DIVISION GECHYDROLOGY
CAPE TOWN

SEPTEMBER 1983
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APPENDIX T

MAGNETTC TRAVERSES

A map of the traverses is given on page 1, while the remainder of the

Appendix containg the actual traverses.
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APPENDIX IT

BOREHOLE SURVEY

References

A1 borehole sites are given on Enclosure 1, GHP 6070

Abbreviations used

W.p. — windpump

dom. - domestic

irrig. - irrigation

Comments

Unless otherwise indicated the following holds true:

water levels and water qualities were measured by the Division of
Geohydrology

all other information was supplied by the owner

the boreholes were drilled and tested privately

open spaces in the table indicate no data available.




APPENDIX TIII

DRILLING PROGRAMME (21-1-1983 TO 27-7-1983)

- water qualities (TDS - mg/f) have been obtained from field conductivity
meastrements

- yields blown out during drilling were measured with a 20£ drum and
stopwatech .

- borehole sites are plotted on Enclosure 1, GHP 6@70 and on fig. 10.

e b AT T B




APPENDIX IV

CHEMTCAT, ANATLYSES

- Samples taken during borehole survey, drilling programme and pumping

tests (1981-1983)

- Sampling points are given on Enclosure 1, GHP 6070.
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f APPENDIX IIT Page no. 13

WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33079

DATE DRILLED :  6-7=83 to 12-7-83

CADASTRAT, FARM :  Bokvlakte 146 : -
MAP REFERENCE : 3121 AC

CO-ORDINATES : LONGITUDE : 21° 00' 34" LATITUDE :  31° 16' 57"
LEVELLED  COLLAR ELEVATION (m): 1158,117

WATER IEVEL (m), WITH DATE : 19,995 (14~7-83)

_TOTAL BEPTH (m) : 85

‘CASING (m) : 5
'EOTAL YIELD BLOWN OUT BY DRILL (£/s) : 10
©.D.5; OF PINAL SANPIE (mg/2) ¢ W8 .. e e s oneenn e
DEPTH OF INTERCEPTION (m) BLOW~OUT YIELD (4/s) T.D.5. (mg/L)
26 1,25 . 66l
30 f 8,75 - 548

GEOLOQi(m) : 0- 5: weathered medium grained doélerite
/ -19: medium grained dolerite
| =25: baked sandstone . !
} -26: blocky sandstone (largest block had 12cm diameter)
'=29: sandstone
-30: block sandstme (largest block had 12 cm diameter)
-85: sandstone (large fracture at 75m but no water)

BOREHOLE NUMBER : @ 33085

DATE DRILLED :  13-7-83 to 27-7-83

CADASTRAL FARM :  Bokvlakte 146

MAP REFERENCE : 3120 BD

CO~ORDINATES : LONGITUDE : 20° 59' 28 LATTITUDE: 31° 19 23n
LEVELLED ' COLLAR ELEVATION (m): 1119,L47L

VATER LEVEL (m), WITH DATE : -

TOTAL DEPTH (m) : 90

Al i

CASTING (m) : 6
TOTAL YTELD BLOWN OUT BY DRILL (£/s) : seepage ‘
T.D.8. OF FINAL SAVPIE (mg/2%) : - . ,
9 % 8 8 9P 0w BB e % # 8 & 8 4 0 5 ¢ F 0 4 4 @ 8" 9 s 89 e "R BAE A 4 8 8 & & 4 » 8 e s s B .I..C.I...III. --------------- i
DEPTH OF INTERCEPTTON (m) BLOW-OUT YIELD (£/s) T.D.S. (ms/f)

9 seepage -

GEOLOGY(m) : 0-12: weathered dolerite
-75: dolerite
=90: sandstone
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APPENDIX ‘ILL Page no. 9

WILLTISTON DRILLING FROGRAMME 1983

BOREHOLE NUMBER : G 33083

DATE DRILLED :  14=4-83 to 15-4-83

CADASTRAL FARM : Williston Allotment Area

MAP REFERENCE : 3120 BD _
CO-ORDINATES : LONGITUDE : 20° 57' L» LATITUDE :  31° 21' Q2"

INTERPOLATED COLLAR ELEVATION (m): 1096
WATER IEVEL (m), WITH DATE . 8,896 (18-L4-83)
TOTAL IEPTH (m) : 4O

(CASTNG (m) . 6,1

TOTAL YIELD BLOWN OUT BY DRILL (4/s) : 1,5

T D.S. OF FINAL SAMPLE (mg/z) : 387

DEPTH OF TNTERCEPTION (m) BLOW-0UT YTIELD (£/s) 7.D.3. (mg/s) !

9,5 ' ' 1,5 | 387

GEOLOGY(m) : O- 3: weathered fine grained dolerite
- 9: intermixed baked sandstone and fine grained dolerite, weathered
-1l: weathered fine grained dolerite
-40: medium grained dolerite

BOREHOLE NUMBER : G 3308l

DATE DRILLED :  15-4-83 to 19-4-83

CADASTRAT, FARM : Williston Allotment Area ' : '
MAP REFERENCE : 3120 BD ‘ |
CO~ORDINATES : LONGITUDE : 20° 57' L43» LATITUDE: 31° 21t QO _
INTERPOLATED COLLAR ELEVATION (m): 1094 1
WATER LEVEL (m), WITH DATE : 7,600 (20-4-83)
TOTAL DEPTH (m) : 108

CASING (m) : 6,1

TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 0,6
T.D.S. OF FINAL SAMPIE (mg/%) 394

DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (4/s) T.D.8. (me/£)
11 0,6 394

GEOLOGY(m) : 0-10: weathered sandstone
T e -16: weathered medium grained dolerite
-108: medium grained dolerite




APPENDTX TIT Page no. 7

WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER G 3308%

DATE IRILLED :  30-3-83 to 12-4-83

CADASTRAT. FARM : Williston Allotment Area

MAP REFERENCE 3120 BD | N
CO-ORDINATES. : LONGITUDE : 20° 54 57 LATITUDE :  31° 22' L5»
INTERPOLATED COLLAR ELEVATION (m): 10L49 '

WATER LEVEL (m), WITH DATE : 10,470 (18-L4-83)

TOTAL IEPTH (m) : 60

‘CASTNG (m) : 6,1

TOTAL YI®LD BLOWN OUT BY DRILL (£/s) : seepage

T D.S. OF FINAL SAVMPLE (mg/ﬂ) : -

DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (£/s) T.D.5. (mz/8)

1L ' seepage _ -

GEOLOGY(m) : 0-6 : weathered medium grained dolerite
-1ly: medium grained dolerite
-16: brown, decomposed, medium grained dolerite
-39: medium grained dolerite
'=443: baked sandstone
-60: sandstone

BOREHOLE NUMBER : G 33071
DATE DRILLED 6-4-83 to 12-4-83 !
CADASTRAT, FARM : Williston Allotment Area

MAP RGFERENCE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 50' L5" LATITUIE: 31° 20! Lg»
INTERPOLATED COLLAR ELEVATION (m): 1040

VATER IEVEL (m), WITH DATE : 18,L40 (7-5-83)

TOTAL DEPTH (m) : 10

CASING (m) : 6

TOTAL YIELD BLOWN OUT BY DRILL (£/s) : -

T.D.8, OF WINAT, BAMPLR Lmgld), F e & ¢ 3 wEEH £ 5 8 AN 5 5 e
DEPTH OF INTERCEPTTON (m) BLOW-OUT YIEID (£/s) T.D.8. (me/4)

GEOLOGY(m) : O- 5: very highly weathered fine grained dolerite
-2ly: very fine grained dolerite
=}j0: baked sandstone
-70: very fine grained dolerite




BOREHOLE NUMBER
DATE DRILLED
CADASTRAT, FARM
MAP REFERENCE
CO-ORDINATES

: LONGITUIE :
INTERPCLATED COLLAR ELEVATION (m):
WATER IEVEL (m), WITH DATE

ACCLRNULIA 11l Fage no. §

WILLISTON DRILLING PROGRAMME 1983

G 33082

12-4~83 to 13-4-83
Williston Allotment Area
3120 BD

20° 5L' Sy
1051

9,7kl (18-4-83)

LATITUDE 31¢ 22 5o

TOTAL DEPTH (m) 60

‘CASING (m) 6,1

TOTAL YIELD BLOWN OUT BY DRILL (&/s) + 0,25
T.D.S. OF FINAL SAMPLE (mﬂ/ﬂ) : 729

BLOW-0UT YIELD (£/s) T.D.5. (mg/4)

DEPTH OF INTERCEPTION (m)

L2

0-15:
x -36:

0,25 _ i 729

weathered medium grained dolerite
medium grained dolerite
baked sandstone
sandstone

+

BOREHOLE NUMBER
DATE DRILLED
CADASTRAT: FARM
MAP REFERENCE
CO~-ORDINATES

: LONGITUDE :
INTERPOLATED COLLAR ELEVATION (m):

G 33072

12-4-83 to 18-4-83 '
Williston Allotment Area !
3120 BD
20° 50 ygn LATITUDE:
1040

310 2010 hSn

WATER IEVEL (m), WITH DATE : -

TOTAL DEPTH (m)
CASING (m)

80
2

TOTAL YIELD BLOWN OUT BY DRILL (£/s) : -
T.D.5. OF FINAL SAVMPLE (mg/z) : -

-----------------------

GEOLOGY(m) :

0-16: weathered, very fine grained dolerite
-80: very fine grained dolerite
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WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER
DATE DRILLED 2h~1-83 to 27-1-83

CADASTRAT, FARM Williston Allotment Area

MAP REFERENCE : 3120 BD ~
CO-ORDINATES : LONGITUDE : 20° 57' L5n LATITUDE :  31° 18+ Q7
LEVELLED  * COLLAR ELEVATION (m): 11kL,536

WATER ILEVEL (m), WITH DATE 1,702 (30-1-1983)

TOTAL IEPTH (m) : 68 '

G 33060

(1]

:CASING (m) . 2,0

bOTAL YIELD BLOWN OUT BY DRILL (4/s) : 25 *

T.D.S. OF FINAL SAMPIE (mg/£) : W30

DEPTI OF INTERCEPTION (m) BLOW-0UT YIELD (£/s) T.D.8. (me/£)
39 seepage _ -

25 * - L 1430
* bIOWhout yield actually greater than 25 £/8 - water flowing over top o{ thotgh

L R I I O I S e s s s e L 1) 1 TP 0 I,

GEOLOGY(m) : 0-19 : weathered dolerite

-6l : dolerite, medium grained
—gg ¢ highly baked sandstone

blocky, highly baked sandstone: blocks up to 70mm in diameter,
calcite also present

BOREHOLE NUMBER : G 33061

DATE DRILLED :  27-1-83 to 1-2-83
CADASTRAT, FARM ¢ Williston Allotment Area
MAP REFERENGE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 58! 36" LATITUDE: 31° 18 o2
LEVELLED COLLAR EIEVATION (m): 1139,906

WATER LEVEL (m), WITH DATE : 1,1 z/slartesian flow (1-2-83)

TOTAL DEPTH (m) : 62

CASING (m) : 16 plus 1,37 above ground
TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 25 *
T.D,S, OF FINAL SAMPLE (mg/Z) L72
DEFTH OF INTERCEPTION (m) BLOW-OUT YTELD (ﬂ/s) T.D.S. (me/2)
39 1,37 463
62 23,6 * 472 o

*total blow-out yield greater than 25 £/8 - water flowing over top of 20cm 'V' V-notch

4o e BRSOt YT NS eSS s s ses «evs evanana T s esesen s v s v LI R R I I A de e s s LRI B R B RO R I A

GEQLOGY(m) : O- 6: decomposed dolerite
-18: weathered dolerite
-38: medium grained dolerite
-39: blocky dolerite (2cm diameter blocks)with caleite, slightly
decomposed, medium grained
-61: medium grained dolerite
-62: blocky (up to 4Omm) medium grained dolerite with calcite and pyrites
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WILLTSTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33070

DATE DRILLED : 25-3-83 to 6-4-83

CADASTRAT, FARM : Williston Allotment Area

MAP REFERENCE : 3120 BD _
CO-ORDINATES : LONGITUDE : 20° 57! L5» TATITUDE :  31° 18 08
LEVELLED COLLAR ELEVATION (m): 114,650 ~

WATER LEVEL (m), WITE DATE : 2,19k (7-L4-83)

TOTAL JEPTH (m) : 70

CASING (m) ;2
TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 25
T.D.S; OF FINAL SAWPIE (mg/s) S S e o o » e
DEPTH OF INTERCEPTION (m) BLOW-QUT YIELD (£/s) T.D.S. (mg/ﬂ)
26 ' seepage * i
70 25 ' . 380

* waterlevel recorder NOT affected by this interception, but affected by 70m interception f

L L O T T R S S S

GEOLOGY(m) : 0-15: weathered mediun grained dolerite
- -25: medium grained dolerite
-26: brown, decomposed, medium gralned dolerite
-66: medium grained dolerite
-69: baked sandstone
-70: blocky baked sandstone

--------------------------

BOREHOLE NUMEER : G 33080

DATE DRILLED :  28-3-83 to 30-3-83
CADASTRAT, FARM : Williston Zllotment Area
MAP REFERENCE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 5l L8» LATITUDE: 370 o1 3gn
INTERPOLATED COLLAR ELEVATION (m): 1051

WATER LEVEL (m), WITH DATE : 9,738 (18-4-83)

TOTAL IEPTH (m) : 60 '

CASING (m) : 6,1

TOTAL YTELD BLOWN OUT BY DRILL (4/s) : -

Tol. 8 OF DIUAL BAVELE L0Bl0) s aes 1 Eanimers s s simns e TR
DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (£/s) T.D.8. (mg/8)

® as e see BRI EBNBe RN LA RSE S LRE I BRI R Y R I R N N Y "4 e w9 et LT EEAR SR SSEEERe SR RGETN s e s e 0 nes *essase

GEOLOGY(m) : O0- 6: weathered dolerite
-45: medium grained dolerite
-48: baked sandstone
-60: sandstone
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WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33068

DATE DRILLED :  9-3-83 to 22-3-83

CADASTRAL FARM : Williston Allotment Area . -
MAP REFERENCE : 3120 BD ,

CO-ORDINATES : LONGITUDE : 20° 57t Ll LATITUDE : 31° 180 Q06"
LEVELLED COLLAR ELEVATION (m): 1143,608

WATER LEVEL (m), WITE DATE : 2,950 (23-3-83)

TOTAL DEPTH (m) : 71

:CASING (m) . 12

TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 25

T.D.S. OF FINAL SAMPLE (me/2) 412

DEPTH OF INTERCEPTION (m) BLOW-OUT YIELD (4/s) T.D.5. (mg/%)

T 25 y W12

GEOLOGY(m) : 0-18: medium grained weathered dolerite
- /—68: medium grained dolerite
| =70: highly baked sandstone.
1—71: baked sandstone with up to Licm blocks

!

 BOREHOLE NUMBER : G 33069

DATE DRILLED : 22-3-83 to 25-3-83 !

CADASTRAT, FARM ¢ Williston Allotment Area

MAP REFERENCE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 57¢ Lh» LATITUDE: 31 181 ofn
INTERPOLATED COLLAR ELEVATION (m): 1145

WATER LEVEL (m), WITH DATE : 2,350 (26-3-83)

TOTAL DEPTH (m) : 70

CASING (m) : 2
TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 25
7.8, OF FINAL SAVPLE (mg/3) ¢ 380 ettt -
DEPTH OF INTERCEPTION (m) BLOW-OUT YIELD (4/s) 7.D.S. (me/4)
21 seepage - .
70 25 380

® 44 e s e REsAeBEEs s YrEE RS LRCRE I B B R A A I S ea s s e e asn 0 85 8 888004 E RS e o usaaa s a0 mean

GEOLOGY(m) : O- 8: weathered medium grained dolerite
- =66: medium grained dolerite
-69 baked sandstone
=70: baked sandstone with up to Lecm diameter blocks
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WILLISTON DRILLING PROGRAMME 1983
BOREHOLE NUMBER G 33066
DATE DRILLED : 2=3-83 to 7-3-83
CADASTRAT, FARM Williston Allotment Area
MAP REFERENCE 3120 BD
CO-ORDINATES : LONGITUDE : 20° 56' 10" LATITUDE ;  31° 22' 50"
INTERPOLATED COLLAR ELEVATION (m): 1065
WATER LEVEL (m), WITH DATE 26,275 (26-3-83)
TOTAL NEPTH (m) 72
;CASTNG (m) : 6
EOTAL YI®LD BLOWN OUT BY DRILL (4/s) : -
%.0.5, OF PINAT, SIMELE (mg/B) . g
DEPTH OF INTERCEPTION (m) BLOW-OUT YI®LD (£/ T7.D.8. (mg/ﬂ)
GEOLOGY (m) 0-13: medium grained weathered dolerite
-62: medium grained dolerite
=72: grey sandstone o
 BOREHOLE NUMBER : G 33067
DATE DRILLED 7-3-83 to 9-3-83 !
CADASTRAL, FARM Williston Allotment Area f
MAP REFFRENCE 3120 BD
CO-ORDINATES : LONGITUDE : 20° 55' 32 LATITUDE: 31° 22 36"

INTERPOLATED COLLAR ELEVATION (m):
WATER ILEVEL (m), WITE DATE

TOTAL DEPTH (m)
CASING (m)

1047

9,860 (23-3-83)
60

3

TOTAL YIELD BLOWN OUT BY DRILL (&/s) : -
T.D.S. OF FINAL SAMPLE (mg/2) : -

% 4 3 8 84 88 S e sa¢ssss eV TRl EN RS LR A R R R N R R N N N I N L ]

BLOW-OUT YIELD (£/s) 7.D.5. (mg/4)

GEOLOGY(m) : 0= Ls
-50:
-60:

weathered medium grained dolerite
medium grained dolerite
grey sandstone
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WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33077

DATE DRILIED . 20-6-83 to 28-6-83
CADASTRAL, FARM : EKaffirkloof 145
MAP REFERENCE : 3120 BD

CO-ORDINATES. : LONGITUDE : 20° 57' 31 LATITUDE : 31° 16% 36"

LEVELLED COLLAR ELEVATION (m): 1170,685
WATER LEVEL (m), WITH DATE : 9,070 (1-7-83)
TOTAL TEPTH (m) : 75 '

GEOLOGY(m) : 0-10: weathered, medium grained dolerite
-65: medium grained dolerite
-70: grey metasediments

‘CASTING (m) : 12
TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 25
T.D.S, OF FINAL SAPIE (ng/f) . U e .
TEPTH OF INTERCEPTION (m) BLOW-0UT YTELD (2/5) T.D.S. (mg/s)

75 | 25 4 b3
GROLOGY(m) : 0-17: weathered, medium grained dolerite
[ -66: medium grained dolerite

—75:3 baked sandstone , -'
!

BOREHOLE NWOMBER : G 33078
DATE DRILLED : 28-6-83 to 6-7-83 !
CADASTRAL FARM : Bokvlakte 146 |
MAP REFERENCE : 3121 AC
CO-ORDINATES : LONGITUDE : 21° Q0' 14" LATITUDE: 31° 18 12w
LEVELLED COLLAR ELEVATION (m): 1138,757
WATER IEVEL (m), WITH DATE : 0,610 (11-7-83)
TOTAL DEPTH (m) : 70
CASING (m) : 6
TOTAL YIELD BLOWN OUT BY DRILL (£/s) : 25
T.D,S, OF FINAL SAMPLE (mg/Z) . .3 512 ... e eeenaeeiiaiianann
DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (£/s) 7.D.S. (mg/8)

66 0,25 510

70 2L, 75 512 ;




BOREHOLE NUMBER

e —_—— L = e Y [}

WILLISTON DRILLING PROGRAMME 1983

G 33075

DATE DRILLED 6-6-83 to 10-6-83
CADASTRAL, FARM Williston Allotment Area
MAP REFERENCE 3120 BD

CO-ORDINATES

LEVELLED

CASTHG “(m)

: LONGITUDE : 20° 58" 2)» LATITUDE : - 31° 18® 32

- COLLAR ELEVATION (m): 1132,205
WATER LEVEL (m), WITH DATE : (artesian) artesian flow=10 £/s (22-6-83)
TOTAL DEPTH (m)

51b pressure: 20-6-83

76
: 5
;TOTAL YIELD BLOWN OUT BY DRILL (4/s) : 27
s LR R o I B s pa £
BLOW-OUT YIELD (4/s) T.D.S. (mg/8)
73 ' : 2 B 1455
76 I 25 - i 455

GEOLOGY (m) :

'0-1l: weathered medium grained dolerite
-65: medium grained dolerite

-74: light grey metasediments
l. -76: blocky (up to 2cm diameter) light grey metasediments

BOREHOLE NUMBER
DATE DRILLED
CADASTRAL FARM

& 33076
10-6-83 to 20-6-83
Williston Allotment Area /

MAP REFERENCE 3120 BD
CO-ORDINATES : LONGITUDE : 20° 57' 50" LATITUDE: 31° 181 g5qn
LEVELLED COLLAR ELEVATION (m): 1143,718

WATER LEVEL (m), WITH DATE : 7,055 (22-6-83)
TOTAL DEPTH (m)

CASING (m)

90
2

TOTAL YIELD BLOWN OUT BY DRILL (4/s) : 25

DEPTH OF INTERCEPTION (m)

BLOW-0UT YIELD (£/s) T.D.8. (me/8)

90

GEOLOGY(m) :

25 553

® 548908 s0essrseasvnreEsae ® 5 8 85 5 A5 S PS4 PSS 0SSN EENAESSEERS eSS sae s s an

weathered medium grained dolerite
medium grained dolerite

: light grey metasediments

baked grey sandstone

: blocky (up to 3cm diameter) baked grey sandstone with calcite

_and pyrite crystals




APPENDTY III Page no. 3

WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33064

DATE DRILLED :  14-2-83 to 21-2-83

CADASTRAT, FARM : Williston Allotment Area

MAP REFERENCE : 3120 BD ,
CO-ORDINATES : LONGITUDE : 20° 57! L3» LATITUDE : 31° 21 O1n

INTERPOLATED COLLAR ELEVATION (m): 1093
WATER IEVEL (m), WITH DATE : 6,955 (3-3-83)
TOTAL FEPTH (m) : 80

(CASTNG (m) : 6

TOTAL YIELD BLOWN OUT BY DRILL (£/s) :  0,L8

T,D.S. OF FINAL SAMPLE (mg/f) : 378

DEPTH OF INTERCEPTION (m) BLOW-0UT YTELD (£/s) T.D.8. (me/4)

15 | 0,48 ., 378

GEQLOGY(m) :  O-1h4: weathered, very fine grained dolerite
-19: very fine grained dolerite with occasional calcite crystals
-60: fine grained dolerite -
-62: very fine grained dolerite with calcite crystals
" -80: fine grained dolerite

BOREHOLE NUMBER G 33065

DATE DRILLED i 21-2-83 to 2-3-83
CADASTRAL FARM : Williston Allotment Area
MAP REFERENCE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 57! 43" LATITUDE: 31° 217 On
INTERPOLATED COLLAR EIEVATION (m): 109l

WATER LEVEL (m), WITH DATE : 7,295 (3-3-83)

TOTAL DEPTH (m) : 100

CASING (m) : b
TOTAL YIELD BLOWN OUT BY DRILL (£/s) : L4,0
T.D.8, OF FINAL SMMPLE (ma/Z) DI A e
DEPTH OF INTERCEPTION (m) BLOW-OUT YIELD (£/s) T?.D.S. (mz/£)
1 4,0 389

¢ very fine grained, weathered dolerite

¢ very fine grained dolerite \ .

: blocky, very fine grained dolerite (up to 3cm diameter blocks)

: medium grained dolerite (grey to 55m, thereafter much whiter in
colour, but still medium grained: chips actually consist of
distinctive white and black minerals)
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WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33073

DATE DRILLED :  18-1-83 to 26-1-83

CADASTRAT, FARM : Williston Allotment Area

MAP REFERENCE  : 3120 BD

CO-ORDINATES : LONGITUIE : 20° 50° L3" LATITUDE : 31 20' S7n
INTERPOLATED COLLAR ELEVATION (m): 1061 '

VATER LEVEL (m), WITH DATE : -

TOTAL TEPTH (m) : 80

_CASING (m) : 2

‘TOTAL YIELD BLOWN OUT BY DRILL (£/s) : -

T .D.5. OF PINAL SAMPLE (mg/£) : - _
DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (£/s) T.D.5. (mg/k6)

L R L R I R I O B I I A A A ] L R I T R RO A O B R Y L I R R T I T Y LRCEE BRI R B I I I R TN U ] LI ]

GEOLOGY(m) : 0-15: weathered, very fine grained dolerite
-39: very fine grained dolerite
-L46: baked sandstone #
-80: very fine grained dolerite

BOREHOLE NUMBER : G 3307L

DATE DRILLED :  26=4=83 to 3-5-83
CADASTRAT, FARM : Williston Allotment Area
MAP REFERENCE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 50' L3¢ LATITUDR: 31° 200 5»
INTERPOLATED COLLAR ELEVATION (m): 1061

WATER LEVEL (m), WITH DATE : -

TOTAL DEPTH (m) : 90

CASING (m) : 3

TOTAL YIELD BLOWN OUT BY DRILL (4/s) : seepage

T :D S OF FINAL SA-I.{PL‘E' (mg/'g) L] IE lllll . L] L] L] L] LI 4 8 8 v 8B F e e8P P E YR
DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (E/s) T.D.S. (mg/£)

GEOLOGY(m) : 0= B: weathered fine grained dolerite
=11: weathered, baked sandstone
-1l4: weathered grey shale
~70: baked light grey sandstone
-90: very fine grained dolerite

i T DS S et  a i




AL L2y, Ll rage no. 2

WILLISTON DRILLING PROGRAMME 1983

BOREHOLE NUMBER : G 33062

DATE DRILIED : 1-2-83 to 8-2-83 (and 4-5-83 to 6-6-83)*

CADASTRAL FARM : Williston Allotment Area

MAP REFERENCE : 3120 BD

CO-ORDINATES : LONGITUDE : 20° 58' 34» LATITUDE : = 31° 19*' 08"
LEVELLED  ° COLLAR ELEVATION (m): 142l,878 '

WATER LEVEL (m), WITH DATE : 9,610 (8-2-83)

TOTAL DEPTH (m) : 86

'CASING (m) : 2
MOTAL YIELD BLOWN OUT BY DRILL (£/s) : 0,28
T.D.5. OF FINAL SAMPIE (mg/£) : 370
DEPTH OF INTERCEPTION (m) BLOW-0UT YIELD (4/s) T7.D.8. (mg/k)
1 : 0,28 y 370
o

GEOLOGY(m) : 0-10: weathered, coarse dolerite °
,-11: weathered blocky, coarse dolerite
|=12: weathered, coarse dolerite '
/-86: coarse dolerite

()* During this time an unsuccesful attempt was made to deepen the borehole

BOREHOLE NUMBER 633063

DATE DRILLED :  10-2-83 to 14-2-83

CADASTRAL, FARM : Williston Allotment Area {

MAP REFERENCE  : 3120 BD

CO~ORDINATES : LONGITUDE : 20° 57 37" LATITUDE:  31° 21' q2n
INTERPOLATED COLLAR EIEVATION (m): 1087

WATER IEVEL (m), WITH DATE : 28,610 (15-2-83) 21,786 (3-3-83)

TOTAL DEPTH (m) : 60

CASING (m) : 3
TOTAL YIELD BLOWN OUT BY IRILL (£/s) : 1,33
T‘D.S. OF FINM‘I ‘SA.IV[E)LE (mg/z) : 276‘ llllllllllllllllll 4 & B B & 8 8 % & v g & 4 ad a8 s & 4 a s
IEPTH OF INTERCEPTION (m) BLOW-OUT YTELD (4/s) T.D.S. (mz/£)
33 1,33 276

CEOLOGY(m) : ©- 5: weathered light grey sandstone
=49: mixed light grey medium grained and grey fine grained sandstone
-50: blocky, light grey, baked sandstone (Scm rectangular blocks) -
-52: grey baked sandstone
-60: medium grained dolerite
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