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¢ Primary Drainage Region A:

- Quaternary catchments: A10A, A21A, A21B, A21 D to A21H, A31A, A31C and
A31D

- the Rietvlei, Hennops, Apies, Jukskei and Crocodile Rivers near Pretoria; and the

Marico River in the west; il e B : =
e Primary Drainage Region B: 3 ﬁ.fw./, m
- Quaternary catchments: B20A and B20B O I EI s
- the Bronkhorstspruit m ...”_w\-.. mﬁ/ N
| ¢ Primary Drainage Region C: 3 o\ SR =
| - Quaternary catchments: C21D, C21E, C23D, C23E, C23F, C23C, C24D, C24E, L A 5\ m, N & fils
C24F, C31A to C31D RN Y 5! e 5
- the Blesbokspruit, Mooi River, Skoonspruit and Harts River m Gl o g L = 8
e Primary Drainage Region D: e "I e g N 2
- Quaternary catchments: D41A and D41B Y z JJ,..,N J m { ._ m |
- the Molopo, Polfonteinspruit, Kareespruit and Maretsane River. i - m X mm w r “. L ; 5 m
= T ol k -8 T d u—
The distribution of the different Quaternary catchment across Groundwater Region 10 are L_ am.....x\ - m “_ o m
shown in Figure 2.2. J\x a 2
It is important to note that some of these rivers and streams originate at or are sustained by I - _ Y . m
springs and baseflow from the dolomite formations, for example the Apies River {Pretoria b F| e
Fountains), the Rietvlei River (springs at the Rietvlei Dam), the Hennops River, the Molopo and | m. m
Marico rivers (Molopo, Marico [or Kaaloog) springs) in the west. However, large areas within | m - 2
the region are also devoid of surface drainage systems, a feature that is often observed in areas “. o % 2
underlain by dolomitic rocks. N | m _
Two streams, the Tweelopiespruit and the Blaauwbankspruit traverse the dolomitic areas ! /f ....ma
around Tarlton, eventually draining into the north flowing Crocodile River. Both these streams &
originate in the gold producing West Rand region and are recepticals for storm and surface m.mm. &
water runoff, mining, sewage and domestic effluent from the larger towns to the south before e b
reaching the Steenkoppies and Zwartkrans dolomitic compartments (Holland, 2009). Aw i SR .m
Groundwater from the Steenkoppies compartment surfaces at Maloney's Eye where the north & 3 -“ ;..,ruu
draining Magalies River originates. [7 14 “IOURE . E \\\ - S
TR | it £ g
The elevations of the generally flat and featureless highlands in the western part of Region 10 } fuu A M\ Eg z M
range from around 1 600 m in the northeast to 1430 m in the west, hosting small drainage . [ o [ e .mH L S
valleys. The surface drainage in the western part of Region 10 is restricted to the upper reaches g I ..m,.r #s&_ﬂ”..ﬂ. & mh,,_ : £ — 2
of the Marico River, and the westerly draining Molopo and Malmani Rivers. a g H e m - |2
1. - 4 ) __ 4 m 3 M
i 4 5 ESt 3
4,...vwl ....\_. m | m. m m .W
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EOLOGY OF THE w>vm_"oz._.m_z.cm_.g>m AREA

A2N0757 <%o%o_o%< & ﬁ:ﬂw_.mmum_.oams-om_amm dolomitic aquifers is described. The
2528CC00066 taken from :m E.Mm_. uwz BY Holland and Titus (2007) and formed part of a
ect in whic @M_ m__:mmaoq the development of the main dolomitic aquifer
| Africa _,“zm“m. M<w °PC: The section of this document describing the
Date eapsiontein-Deimas regio, was referred to as Activity 6 of the larger
Aug-87 May-90 Jan93 Oct-95 Ju-98 Apr-01 Jan04 Octl
46 : : h , h h
®
48

] ast of Pretoria represent important water
50 fiied on by many. Water ygg include urban and rural dwellers, irrigation
: . Quifer aiso sustains the ecology where wetland
Jeprings m:ﬂ SlCE émﬁmw _n_oé_:@ from the dolomite groundwater, create
u_mq.: csanimal m.u ecies. The investigation and understanding of this
..ﬂm__mma st m.nc;mﬁ has become crucial since the manifestation of
g the wmvmﬁoswm_s area. This desktop geohydrological study is based on
activities contained in Volume 3 of the Guideline for the Assessment,
frent of Groundwater meos,omm within Dolomitic Areas in South Africa

SWL (mbd)

o6

Wn in Figure 11.1 is locate )
d
Delmas, Greater East R east of Johannesburg and includes the

ifers under investiat and Metro, part of Kungwini and Tshwane
‘ galion areg formed by the Malmani dolomite formations
foup. The study area

i dam east of Pretoria ¢ Sentres on the Delmas-Bapsfontein dolomites
o _Um<osa the town of Delmas in the southeast, a

Map 2526 Johannesburg and its baseline data,
Hrvey,
1re '

ports by DWAF's omOTJ\a_.o_oQ\ directorate,
iMonitoring data extractea oy §,
fthe NGA) managed by _US>

_ .ncm:? extracted from
ISSioned by loca| authori

Isfontein aeromagnetic s

om the National Groundwater Database
ﬂ.n

H,-,.m NGA, relevant and appropriate scientific
Cies ang developers.
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Geological and hydrogeological maps,

e T ) hydrogeological reports,
T borehole logs,
\\khmulml..ll, _H geophysical profiles of exploration and/or monitoring boreholes previously drilled in
\\\x\ b7 Ao the area,
e \L.x groundwater quality data, and
-~ 3 Fig 9 other aspects, including land-use planning and potential water requirements.
i
= information is used to establish a background or baseline geological and hydrogeological
\ J, ‘ rence for the identified study area, including possible boundaries for the dolomitic aquifer
. el rontein . Pl em associated with the distribution of compartmentalising dykes, together with any other
P i AT . . intial aquifers within the catchment. The information obtained will be collated into a water

ce, indicating water availability and water requirements.
Description of Study Area

Morphology and Drainage

opography of the study area is generally flat to gently undulating, with plains, slopes and
al scattered hill crests. A prominent ridge crest capped with resistant quartzite (striking
Iwest to southeast) is situated along the northern part of the study area north of the R50.
olomite dips regionally north-northeast beneath the Pretoria Group.

“__ -_.I.. I“W, :

study area extends over quaternary catchments A21A, C21D, B20B and B20A of the
adile (West) and Marico, and Olifants Water Management Area (WMA) respectively (Figure
As shown in Figure 11.2, the main surface drainage in the northern part of the study area
Rietvlei system which originates to the west of Bapsfontein and eventually flows into the
lei dam. To the east of the Rietvlei system the area is practically devoid of surface

_ age features, which is typical for dolomite areas with rapid recharge taking place. To the
" I\MEQ_. LOCALITY Legend . east of Bapsfontein non-perennial streams drains the dolomite in an easterly direction
| — Towns Major Rivers eventually flows north into the perennial Koffiespruit stream. Surface drainage of the
_ Depantment of Water Affairs and Foresty mﬁ_.o o S " 85 region is drained towards the north by the Bronkhorstspruit River which feeds the
_ AN~ " 2006.37 oy oo_oﬂ_.s m— a7 ALR O TE \ fiorstspruit Dam. Numerous perennial and non-perennial pans and dams are scattered
; itang Vister Body —— ARTERS R TE ghout the area. Several dolomitic springs in the area support irrigation activity and
Figure 1 1 font AR A Stic supplies (Figure 11.2).
Wgfer Lersdd SRR LR B GE——
P 0 Bo: 076 ; _S xmlm et e Climate, Rainfall and Vegetation
03 — E— s
I — —

dimate in the area is typical South African “Highveld”, characterised by warm summers,
80% of the rainfall is experienced as thunderstorms, and cool dry winters with cold nights.
are experienced for up to five months of the year and hail falls often. Climatic data of

Meteoroiogical stations (1985-2007) closest to the study area is summarised in
ji1.1,

11.4.4 Methodology

jective of a desk wﬁcav__ is the collation, wO_.Cﬁ_D< and evaluation of available an
|

i ity data.s

ical, geographical, geological, hydrogeological and groundwater A_u_cm_._”w e

gl .<o_<ma the gathering of information and data relevant to the do o_.ﬁ_ ol
area. The desktop assessment is based on the following 1!

The ob
meteorolo
primary task in
the delineated study
related to groundwater:
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Table 11.1. Meteorological stations in the study area.

high potential evapotranspiration with a mean annual evaporation of about 1700 mm
.__m (DWAF, 1992) and exceeds the average annual precipitation by a factor of 2.4.
aver, the actual evapotranspiration is much lower as the shallow soil cover limits availability
sisture to the plants, which causes excess soil water to infiltrate below the root zone,
yrging the groundwater reservoir. Most of the study area comprises of small holdings (with
phouses), large areas of cuitivated land and built-up urban development. These land uses
moved the natural vegetation which was identified as Central Variation of the Bankenveld
pe by Acocks (1975).

Land-Use

|
",
o g

Bagsfontein jeographic locations of the various land-use activities are shown in Figure 11.3. Land-use

'study area encompasses a wide spectrum of activities, more specifically:

e lIrrigation and dry land farming (mainly maize and vegetables) with numerous poultry
farms (e.g. Hy-Line and Earlybird) and some stock farming in much of the south-
eastern portion.

Quarrying for sand, e.g. Tweefontein Quarry on Tweefontein 19IR and for refractory
clay and brick making, e.g. Corobrik and Nova Bricks on Witkoppies 393JR and
Apollo Bricks on Elandsfontein 412JR.

Agricultural holdings and smaliholdings, e.g. Elandsfontein, Bapsfontein and Modder
East.

Informal settlements, e.g. Botleng, Davyton and Etwatwa.

Urban and industrial areas, e.g. Delmas and Bapsfontein.

Conservation areas, e.g. the Rietviei Nature Reserve.

Holfontein Landfill site situated on Portion 24, Farm Holfontein 71 IR, Springs.

Railway marshalling area known as Sentrarand belonging to the South African
Transport Services.
egend
QUATERNARY CATCHMENTS || Leg 3 Geology
Inland Viater Body
Major Towns
Depantment of Water Alairs and Forestry ® o Major Rivers % Geomorphology
2o0r1002] ] 2006373 A4 tudy rea — s :
- i . ‘ - 132110%8L ROUTE #sent karst forms and geomorphology have been created by the interplay of ancient and
ure a0 : satetnaty Oramage .- . ) . . . .
- - 0 e — RTERIAL ROUTE erosion cycles on lithologies that have undergone many episodes of deformation.
Hi? Lo i mees U onsallonyg — LAY ROA | . I
DR R : Doiomte ”; - ent to the break-up of the super-continent of Gondwanaland (250 million years ago),
fage e > O R s dmites have been uplifted into a high interior plateau and the overlying Karoo cover rocks
Prost & —_— =

¥ rapidly stripped off by erosion to reveal a pre-Karoo palaeo-karst surface (King, 1963;

el al., 1987). The surface karst features include natural springs, sinkholes, dolines and
depressions.,

Figure 11.2. Surface water catchments of the study area.

. : : 2 Geological Setting
_ Coordinates L . B Mean seanll :
Meteorological | Elevation | daily | i min. rainfall{ glonal geology and stratigraphy in the study area show a variety of rock types. Igneous
Station* Longitude | Latitude = m.am.s.l. | S.ﬂ_wﬂs temp (°C) € oldest at about 3 200Ma (million years) old, are represented by the granite associated

I i il 1 { 1 -.\ﬁ Halfway House Granite Suite found in the western portion of the study area. This

Jan Smuts (O R 28.2330 | -26.1330 1694 | 222 9.8 al basement is known as the Kaapvaal Craton. On the Kaapvaal Craton
 Tambo b ABO) | e Ee s o | s | o Morphosed sequences ranging in age from 3 000 to 1 750 million years have
! Dm_wamMM_ﬁx__E ! wm.m:.o T Hmm”m:.oo T 1526 | 241 + 108 | 684.9 lated in basins from oldest to youngest (Truswell, 1977). In this study such sequences

*_ Data obtained from the South African Weather Services (Pretoria)

less exposed Witwatersrand and Ventersdorp Supergroup with the widespread
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astern side of the granitic basement. T§
m_osomﬁﬂw_m :mhﬂmo_mmé associated with the _us.me Group g
s rgroup cover the southeastern .uo:_o: of .H_.._m stus
resented by unconsolidated alluvium al
y is presented in Table 11.2 and

ransvaal Sequence occurring
.mﬂma_am:ﬁmé strata (tillite, sandstone,
Vryheid Formation within ﬁsm. Karoo wc.um o
area. The youngest geological amuom._.a mw.m S
colluvium of Quaternary age. A generalised lithostratig

regional geological setting is illustrated in Figure 11.4.

= . i
Holontemn Land
Daveyton !

T,

Brakpan

| Legend -
LAND USE MAP _ g . na
l Maypt Towns 3 )
Depatment o Water Aftauns and Forestry _ . oo Fovets ..
[ B . e Wnland Water Body ."l._ 3
2007/10002] MM [ 3006.373] A4 - v b 2
[ . :
MU aohvdrotogical assessment of |1 M v D
Frure 22 DelrmasiBapsionten Dolomeas . .
| ._ L rban Ared
_ AT TR IPLAET Ty T resn i E _ e i
P 0 40161 = s m
_ Faens Glen | . - < .
.“ | I—
_ Prot | — - o
" Figure Ge i i N res.
| Figure 11.3. Geographic location of land-use featu

able11.2. Lithostratigraphy of the geology of the study area (SACS, 1980:205 and Hobbs, 2004).

LITHOSTRATIGRAPHIC W ERA
BASIC LITHOLOGY T _( (age)
late Cenozoic

alluvium / colluvium Quaternary sediments

{<10 000yrs)

B T T early Mesozoic 1
dolerite / syenite post-Karoo dyke / sill intrusive structures
(150-190Ma)
7 N " Vryheid | I 1 early Mesozoic |
sandstone / siltstone Formation Ecca Group Karoo

to late Palaeozoic

tilite / diamictite | " Dwyka Group | “uPergroup | (180-320Ma)
lava Im_ﬁow: (2 225Ma)
Formation . _
——— T | Pretoria Group
hy iltstone / quartzite UlCLE AT Transvaal | &
.._m.|_, e - L _quim:o: L ——————| Supergroup 5
L Malmani | Chuniespoort _ 5
Dolomite Subgroup | Group | * (2 430Ma)
quarizite/shale | Black Reef Formation | | (2600Ma) | .
gccia / conglomerate Klipriviersberg Grou Ventarsdorp Nl
| “ond P 9 P |_Supergroup | {2 700Ma)
[
Granite Halfway House Granite Suite _ GW_%%WMM_,_N_&

blomite occurring in the study area is part of the Malmani subgroup overlying the Black
lormation and underlying the Timeball Hill Formation of the Pretoria Group. The Pretoria
rocks in the northeast act as hydrogeological boundaries with numerous pre- and post-
| age impervious dykes subdividing the dolomite into ‘compartments’ isolated
Bologically from each other, especially north-west of the study area (Figure 11.4).
, the sedimentary karst strata are intruded by sub-horizontal sill intrusions. These are
Sed mainly of syenite and occur predominantly in the Midrand-Kempton Park dolomites to
Bt of the study area. The area south of the dolomitic outcrops is extensively covered by
nger Karoo sediments. The thickness of the Karoo sediments in the vicinity of
tein attains a maximum thickness of roughly 110 m.

Mafic Dykes and Lineaments

Onetic data sourced from the Council for Geosciences was used for the identification of
Omalies in the region (Figure 11.5). These magnetic anomalies were compared to the
M published geological maps (2528 Pretoria and 2628 East Rand) and dykes identified
dalist studies. Dykes displayed two different magnetic signatures (positive and
) Day (1980) characterised three dyke systems based on magnetic signature, direction
Elative to the Karoo Sequence:

a negative magnetic signature, is assigned a pre-Karoo Sequence (Pilanesberg
age),

4 Positive magnetic signature (N-S), is characterized as a pre-Karoo Sequence, and
4 positive magnetic signature (E-W), is of Karoo age.
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gure 11.5. Aeromagnetic data interpretation (Sourced from: The Council for Geosciences).

Hydrogeological Overview

: \_ General
3

.:ommo_oomom_ properties of the dolomite are determined by geologic and
ological controls such as structure, stratigraphy and morphology. The water-bearing
8 of the dolomite stem from carbonate dissolution along structural and lithological
Uities such as faults, fractures, joints and bedding planes. The surface features of the
L can often be related to their sub-surface characteristics e.g. valleys of surface
oincide with fractured zones in karstified dolomite. The low density of runoff drainage
Nigh recharge and a predominance of water flow underground, which eventually drains
iCe streams at topographic lows or emanates as springs next to dykes or
PfMation contacts. Perched water levels are usually associated with Karoo outliers.
itions of the dolomites are distinguishable based on their chert content. The chert
tions weather evenly to produce a low storage potential residue of silty clay. The
formations weather quite differently. The dolomite weathers faster than the chert
Tock supported by chert structures. Eventually the chert will weather and collapse
N weight leaving a permeable coarse chert breccia. Chert rich formations develop a
Centration of fissures and fractures which will enhance the process of weathering.

. fich formations are generally favorable for large-scale development of groundwater.
N9 Pretoria group reveals very low primary permeabilities and signifies weakly
€condary permeabilities along faults and fractures. The Rooihoogte Formation is in
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hydraulic equilibrium with the dolomite due to numerous faults and fractures. Once the dolgp
is exploited excessively it is expected that the Pretoria Group will contribute groundwater tq

dolomite (Kuhn, 1989).

11.3.2 Compartmentalisation

cutting dykes that act as barriers to groundwg

Dolomitic compartments are formed by cross-
s. The major compartments according

flow, creating isolated hydrogeclogical compartment
the various geohydrological studies conducted on the Delmas-Bapsfontein-Springs dolomite;

Kok (1985), Leskiewicz (1986), Vegter (1986) and Kuhn (1989) are the Rietvlei, Witkoppies, |
ents. Further dolomitic areas delineated by these investigations ing|

the Bapsfontein-Delmas area, varkfontein-Knoppiesfontein area and the East Rand Bg

Inland YWater Body

Lithostratigraphy

Quaternary Drainage
Major Rivers

Mayor Towns
Linear Anomahes

& Sprngs

Karoo Golente

Adgvium

Elandsfontein compartm

Companment Boundary
-~ Pubhshed Dykes

Diatase

ECCAGROUP
CWrica GROUP
Rayton Fermahon

Magaliesherg Formaton
F

Sitvest,
a

Figure 11.6 indicates the dolomitic compartments and areas as delineated by pre
investigations. Recent work by Jasper Muller and Associates (2005) focused on the Bapsfol
compartment which was established as an isolated compartment southeast of the Witkog

compartment. The Bapsfontein compartment is bounded by a major NW-SE striking &
ompartment of approximately 8.98km? (Van der Walt, 2005).

suggesting an individual ¢
sfontein compartment immediately south ©

Further compartmentalisation of the Eland
e linear anomaly striking NW tg

Bapsfontein compartment seem plausible, considering th
However, no evidence for its sub-division exists in the literature available and will f@

study be investigated as a whole. A significant amount of work was conduct
s and Elandsfontein compartments in the late 1980s, by Les

a groundwater Reserve determination report by ¥
d the above mentioned dolomitic compartt
logical response units based @
these aquifers (or do

BRONEHORS TEEP| 1=

purpose of the
the Rietvlei, Witkoppie
(1986) and Kuhn (1989). Recently,
(2004) for catchments A21A and A21B include
northwest of Bapsfontein. The study identified geohydro
dolomitic compartments and also gave a detailed evaluation of
compartments) in terms of groundwater level fluctuations, water quality and use.

820C

11.3.3 Groundwater Levels

The DWAF operates and maintains 129 groundwater level monitoring st
All of these target the dolomitic groundwater resource. The monitoring stations with groul

level data up to the last three years (2004-2007) and relevant to the study area is presé
>uum:amx‘:>..§mmﬁmzmzom_ characteristics for each dolomitic groundwater comparth

area are presented in Table 11.3.

ations in the stud

Table 11.3. Groundwater level information for dolomitic compartments. !
Groundwater level depth (m.b.g.s) Groundwater level elevation ﬁ.:

:pzor |

/

—
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Delmas Area

—

-7 Bapsfontein

Compartmenit

Bapsfontein

N

Compartment

10 percentile

Mean

90 percentile

10 percentile

90 pel
148

Mean

g Witkoppies
Compartment

.\--
Y

Rietvlei

9.66

16.44

36.74

1478.40

1483.50 % g
1505.62

Witkoppies

1.73

37.30

.77

1500.20
1544 .44

151

164

1580.82

Elandsfontein

27.09

43.56

64.95

1528.33

13-

1559.57

Bapsfontein

49.12

79.20
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g
O
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1610.35 ﬁu 1
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9.65
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1605.03
1539.02

—
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553
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Selected
Depth to Groundwater Leve! Complete Record Record
i m.b.g.s Late 1980s to 2007 1997 to
11.3.3.1 Groundwater Fluctuations A H::.o:: Station (mb.g.s) ow7
- been comprehensiye = .
ic fluctuations of the dolomitic groundwater levels have P N . ) Cumulative | Cumalitive
Natural hydrostatic fluc ). The study provides an excellent reference framework - Min. Mean | Median | Max. | Maxah o e
. 1978). The ;
ey .qm:..__omq_@ Aa or patterns in this regard and shows a maximum water fg Varkfontein- | C2N891 6.70 8.87 .06 | 1075 | 4.05 -0.20 -2.18
establishing historical qm:_ mm 5 m with respect to rest water level depths. The results of § Knoppies- C2N893 2.29 4.84 457 8.47 6.18 +2.88 -1.38
: i m X , : 1
ion of approximately 2. various groundwa tein AZ2NO783* | 16.20 18.93 18.96 20.76 4,56 s -2.56
T t au (1978) was re-examined by Hobbs (2004) by comparing various groundw o d [ CONVIT3" 1742562 | 5208 | 5325 | 5a27 | 1775 s 4.32
Tempertey Sucy Temperley (1978) with those produced by Leskiewicz (1986), K East Ran Ay ) . . . . :
contour maps produced by Temperley . S ted that the natural hydrosta Basin 2N1114 51.03 56.92 56.79 58.36 7.33 g -0.25
tigation suggeste
5), Hobbs (1988) and Kuhn (1989). The investig ' ight be adiug B2N068 1.68 8.25 7.39 2328 | 216 -13.91 -14.39
i w.. i dolomitic groundwater environment of the studied area mig Justed B2N066 16.89 26.19 26.21 32.84 | 1595 -11.43 -5.01
fluctuation in the do in mind when assessing long term groundwater level trends. Heop B2Noa1 166 | 1103 | 1018 | 2146 | 158 3.78 -9.56
5 m, which should be kept in ﬂ_:_a ount for groundwater levels and hydrostatic fluctuations B2NO44 1.76 12.67 97 4151 | 3975 -4.21 -5.91
g iled acc J
urther provided a detaile dy revealed me BaN043" | 1090 | 1507 | 1402 | 2385 | 7273 5.69 397
ﬁoo&.ﬁ i ’ artment towards the northwest of the study mﬂmm__. The study A T — - e — —
G i f up to 12.7 m indicating excessive groundwater abstrac . : : : : i i -
groundwater level =coEm=os_m U _uﬁsm _»_.m.e_mm well field in the mid-1990s. This desk mmzo%a 19.62 2860 | 2876 | 3997 | 2035 -6.31 -
jon boreholes in _ B2N0S6 245 22.96 2113 | 4323 | 4078 -16.71 -
from the production - h used by Hobbs (2004) to assess the hydros .
. L ill follow a similar approach u ) | b e B2N061 0.62 3.3 2.96 7.94 7.32 -4.87 -6.12
I iti ts to the east of Rietvlei. Due to the large numbes B2N0O60 0.45 4.34 3.62 11.56 11.1 -1.31 -3.37
i he dolomitic compartments : he longest and most u : . . . . . .
o | data available, the resultant dataset only included the long _ ﬁ B2N057 6656 | 8417 [ 8475 | 9267 | 26.11 -5.75 -12.80
water level data av _ i a. lrregular data B2NO7 196 87 5. 4751 | 27.8 -26.4 24,
- tinuous groundwater level measurements in the mEa« area. fireg ﬁ- i zw w 9.66 30 i 2 mmm 7.5 5 26.46 24.83
date record of conti the water level series. The information presen 2N07 5.6 13.7 13, 2211 | 16.51 +6.7 -0.01
anomalous readings were removed from the e is of dolomitic hydrostatic beha B2N081 3117 | 4738 | 4284 | 7762 | 4645 -37.84 -44.67
le 11.4 summarises the results of the statistical analysis 0 B2N053 39.55 45.49 46.3 5586 | 16.31 -8.37 14,17
._..m_um T 980 B2N032 16.55 20.42 2043 23.2 6.65 -1.31 -3.03
since the mid-1980s. les in doloR B2N031 25.1 29.08 2919 [ 3209 | 699 -1.37 -2.22
ble 11.4. Statistical analysis of long-term groundwater level data for gl Ll m~28w“ 4.09 11.83 11.02 28.20 | 24.11 -21.24 -17.41
Table 11.4. B2N063 043 3.84 2.91 13.05 | 12.62 6.84 577
aquifers. Change in Groundwater Levels B2NO37* | 0.36 5.46 547 | 1505 | 1469 -9.55 -6.74
Depth to Groundwater Level 1997 te Delmas B2N038® 0.17 5.56 5.34 15.21 15.04 -6.05 -6.67
{m.b.g.s) 1980s to 2007 2007 B2N0O1 0.73 2.79 2.84 5.63 4.9 -1.28 -3.18
Compartment/ | o . iative | Cumula B2N003 0.12 1.65 1.6 4.26 4.14 -1.25 -1.98
Area ] Max. | Max Ah Cumula Al B2N506 1.89 7.27 7.31 10.84 8.95 -0.49 -3.33
Min. Mean | Median ax. Ah = B2N034 11.58 14.11 14.21 16.68 5.1 -0.63 -1.94
AZNT13 16.80 18.49 18.71 19.94 3.14 mm.wmm -n”mm Inly monitored since 2005 $ — Large data gaps # — Some irreguiarities in dataset
A2N708 2024 | 3262 | 33.09 mw%w m%mm@ 003 -0.36
72 . . . ) : ) . - _ .
A2NT14 1.29 N._J.mamm hm 76 | 7145 242 -0.27 w“w € 11.5 and Figure 11.7 summarises the results of the statistical analysis presented in Table
34 : : . -1, .. o . . o " . e .
; Bzaﬂwo wmm.\ 37.18 38.91 37.39 4.54 ﬂ Mmm 020 - Monitoring stations with certain irregularities or missing datasets identified in Table 11.4
Witkopples R.nwow 6132 | 6235 | 6234 ww.w M M.Mw 007 -1.53 excluded from further analysis.
71.37 . : . 144
A2NT705 70.00 7135 B 168
96 68.03 | 68.96 : -1.67 - . . .
e ww‘ww ww 16 7422 | 7516 | 245 -0.63 o3 11.5. Summary of dolomitic aquifer hydrostatic behaviour based on Table 11.4.
A2N706 : : . 1.10 - - -
. 1.41 2.22 g 215.04 Groundwater Fluctuation {m
AZN777 Lot iﬂw 21.85 35.48 16.04 -13.88 11.43 Compartment/ No. of (m}
AONT1E 19.44 24. uo‘._m - 17.34 424 e A.mm Area Stations Range of Mean Mean Cumulative Ah
AZNT10 20.61 w_w.ww 47.08 66.58 | 28.46 -23.98 -mm " Fluctuation Fluctuation change
B | Soon | 1400 | 1424 | 1713 | 713 +2.58 . Witkoppies 10 0.58 10 5.12 263 041
Elandsfontein mszH 1969 | 3078 | 3242 | 3864 | 18.95 7ee 2.28 Elandsfontein 6 2.28 to 28.46 14.52 -4.94
Mwuqmﬂ 62.49 63.65 63.60 64.77 M.wmm ) +2.80° Bapsfontein 3 3.15t0 9.67 5.85 1.54
. . 48.78 | 5430 . +3.07 Varkfontein-
A2N782 MWM mew_ oot | a77a | 474 - o x:%n_.mmhzam: 3 4.05106.18 4.93 -2.04
B2N722* e - : 9.67 - .
Bansfontein | A2N779" 77.89 82.99 82.85 NMMM 215 i 46 East Rand Basin 2 7.33t0 11.75 9.54 2.03
P ADNT780* 39.54 40.64 g0 : Delmas-Bapsfontein 17 4.14 to 46.45 17.13 -7.2
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smprehensive indication of dolomitic aquifer hydrostatic response trends and behaviour is
ided by the hydrographs presented in Appendix 11B. Initial observations made from the
ndwater level trends and Table 11.4 was a notable decrease in rest water levels from the
11990s onward. Figure11.8 better illustrates the change (positive) of groundwater water

s from the iate 80s to 1996 compared to the change (negative) in groundwater levels for the
decade (1997 to 2007).

——

Groundwater Level Change (Dedmas Area }
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Station

igure 11.8. Groundwater level change during the last decade compared to prior 1997,

ate further on the fluctuations observed in the tabulated information and in the
g graph, a monthly rainfall plot versus monthly groundwater levels trends is illustrated in

9. The groundwater level trends of three monitoring boreholes in the Deimas area and
ta from the Delmas (Witklip) weather station were used.

ng observations are based on the preceding tabulated and graphical information.
From the onset considerable groundwater level fluctuations are observed throughout

the monitoring stations in the greater Delmas-Bapsfontein dolomitic area
(Tabie 11.3).

o The greatest cumulative groundwater level decline for a single station since
the start of monitoring in the late 1980s is borehole B2N081 with a hydrostatic
change of 37.84 m. The station has been drilled into the dolomitic aquifer
underlying the Karoo formation of the Delmas area which is about 75 m thick
(NGDB logs). Numerous other stations located in the Delmas and
Elandsfontein  compartment/area experienced negative  cumulative
groundwater level changes of more than 5 m since the start of monitoring.

ean hydrostatic fluctuation of the various compartments falls in the range of 2.63 to
13 m (Table 11.4). The upper value of this range represents the Delmas area.
. rther noteworthy mean fluctuations are observed in the Elandvlei, East Rand and
apsfontein compartments with values of 14.52, 9.54 and 5.85 m respectively.

€rhaps the most significant observation evident from the hydrographs in Appendix
1B and the tabulated information is an increasing trend in groundwater levels from
® late 1980s to the late 1990s and a declining groundwater level trend after the late
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Figure 2.2: Map of Groundwater Region 10 displaying the Quaternary catchment areas in and around the region.

Climate

s Region 10 is characterized by warm summers and cool dry winters. Frostis
n depressions and low areas during cold nights of the winter months. Rainfall
urs uaaoaw:m:.% in the summer months (October to March) in the form of thunderstorms,
asionally also with some hail. The mean annual precipitation (MAP) has its maximum in the
tern part of the Region (>800 mm/a in places), and gradually decreases towards the west
ere a MAP of less than 450 mm/a is recorded. The Delmas/Pretoria/Tarlton area annuaily
eives more than 600 mm of rain, the central part of the region 500-600 mm/a, while the
estern regions receive generally between 400 and 500 mm/a. The regional MAP distribution
erived from Schulze and Lynch (2007) is shown in Figure 2.3.

climate acros
mxnm:m:oma i

high potential evaporation (A-pan equivalent) and associated evapotranspiration is
xperienced across the Region. The Mean Annual Potential Transpiration according to Schulze
(1997) varies between ~2 100 mmv/a in the east to ~2 500 mm/a in the west. This exceeds the
MAP by a factor of up to 3. The Mean Annual Reference Evapotranspiration as published by
Schulze (1997) and based on the 1992 FAO Penman-Monteith method varies across Region 10
from ~1 500 mm/a in the east to ~1 850 mm/a in the west. Hobbs (1988) refers to calculations
of annual evapotranspiration using the Thornthwaite method for the recording station 513/382 in
Irene south of Pretoria that gave a value of only 742 mm which only slightly exceeds the mean

annual rainfall of 675 mm for the area.

24 Vegetation types and land cover

The vegetation occurring in Groundwater Region 10 and adjacent areas is illustrated in
Figure 2.4. This map was compiled from information supplied by the South African National
Botanical Institute (SANBI). The majority of the area is covered by grasslands of the Vaal-Vet
Sandy type (Gh10), the Western Highveld Sandy type (Gh 14), the Carletonville Dolomite type
(Gh 15), the Rand Highveld type (Gm11) and the Eastern Highveld type (Gm 12). Along the
northern edge of the Johannesburg Dome, grasslands of the Egoli Granite type (Gm 10) are
found. Along the northwestern fringe of Groundwater Region 10, Bushveld and Thornveld
vegetation of the types Zeerust Thornveld (SVcb 3), Dwarsberg-Swartruggens Mountain
Bushveld (SVcb 4) and Moot Plains Bushveld (SVcb 8) are found. Along the outer fringe of
Region 10 near Pretoria and north of Tarlton vegetation of the types Marikana Thornveld, Gold
Reef Mountain Bushveld and Andesite Mountain Bushveld are present.

Around Springs on the East Rand grasslands of the type Soweto Highveld (Gm 8) and Tsakane
Clay (Gm 9) types occur. Across the western half of the Region isolated pans occur that are

classified as Highveld Salt Pans.

A map depicting the land cover across Region 10 is displayed as Figure 2.5 using the 2009
information from the National Land Cover survey by SANBL. The map indicates that by far the
largest portion of the map is covered by cultivated and natural and basically undisturbed areas.
Closer to the towns and cities especially in the eastern part of Region 10, large areas a
classified as built-up areas. Around Springs on the East Rand, gold mining activities take up a
good proportion of the land, while the area west of Roodepoort and close to Lichtenburg some

isolated mining activities are indicated.




Grondwater Levels (m.a.m.s.l)

d in Figure 11.8 where almost all negatjy

cumulative groundwater level changes were observed after 1997. The influence g
exceptional rainfall is evident from Figure 11.9 from March 1987 to Marck
had a clear influence on groundwater levels which increase
and 1997. After this period groundwater levels loweres
ted to periods of lower rainfall. However, fyurt
e scale abstractions and are observed)

1990s. This trend was clearly observe .
1.3.3.2 Groundwater Drainage

periods of
1996. Rainfall
substantially during 1996
once again which could be attribu

lowering of groundwater levels indicate larg
both B2N066 and B2N044. Monitoring station B2N032 represents a very sm haged and assessed ing
_ individually.

cumulative change in groundwater levels over time and suggests a borehole
influenced by excessive groundwater abstraction. It is important to note that §

accuracy of weather station data is vital to determine natural groundwater gy fficient body of material already exis

: ts in th i
(1989) and Hobbs (2004) 1o sor e DWAF technical reports by Leskiewicz (1986)

fluctuations, which is currently lacking in the study area. . ne the di
. - ern part of the s € direction of
It is critica! to note that based on the analysis above it might seem that the sinkh ding oanm;Bm”.“Mw_\mMMmm. However, towards the UMN“_m._as\mﬂm_.. 3.o<m3m3 in the north-
ein compartment experiences an increase in groundwater level ively based on the in 'on and groundwater flow directio m_.._m.m fimited information exists
verse dista ns. The flow vector:
S was drawn

prone Bapsfont
1.54 m for the p
enough historical infor
observation. Investigations b
significant number of boreholes have d

ast three years (2005-2007 data) (Figure 11.7). However, there is
mation in the Bapsfontein compartment to substantiate
y Jasper Muller and Associates have reported
ried up during 2000 to 2004.

Taking the natural fluctuations of up to 5 minto account the magnitude of fluctua
and the decline in hydrostatic head confirms the significant developmen
unsustainable utilisation of the groundwater resources in the region, especially

Delmas area.

1.10). This would
suggest
he groundwater. ggestic

1590

)

-
o
@
=3

*

*

*

*

Y =0.4791x +802.07
Re=0.2738

-
L]
-
(=1

1585 © | = Rainfall
1580 1 poNg32

iy B2NOA4
1570 | /
B2N066

-

&n
2

£
(=)
*

Gro
undwater Level Elevation {m.a.m.s,|
,‘_é i .m,
s &

1510

g_ k,
|

b i

P g PRSP SV & vw».os%wo\.._
e

1540

1550
1560
1570

g 8 s
&

—
~—

Surface ._.ouonqnu_.i {m.a.m.s.n

1610
1620
1630

-tU. Corralat
ion cogmm: surface topography and
in the Delmas areg. droundwater levels

9>

9,
%
%
&
€5

Q'%-
0,

DI LD D S R S ol G
FFEA ST F SIS G F TP P F Y WY EF e

Date |
Figure 11.9. Monthly groundwater level trends versus monthly rainfall for the
period 1987 to 2007.

205



11.4  Water Quality

he major concerns for water quality in the area are (Hobbs, 2004):

o Salinisation ~ concern for the increase in salts mainly as a result of anthropogenic

causes such as discharge of industrial effluents, irrigation returns flows and urban run-
off.

¢ Bacteriological contamination — concern for rising faecal contamination levels associated
with increasing population densities and inadequate sanitation levels especially in regard
to informal settlements.

1243
=
T

Organic chemicals and heavy metals — concern fo

shallow Karoo aquifers underlying the Holfontein landfill site (2004).

o Recent investigations at the Holfontein Waste disposal facility included the
assessment of remedial measures, with the effectiveness of these remedial options
evaluated using a geohydrological model. The results were submitted in report
format, as well as presented to both DWAF on the 12t July 2006 and at the Impact

Management Meeting on the 20" September 2006. A letter accepting the proposed
remedial options was received fr

om the Department of Water Affairs and Forestry
on the 12" February 2007.

Quarterly monitoring of water levels and chemistry is undertaken in the leachate,
leachate detection, sub-soil Seepage, surface water, and groundwater (perched,

weathered Karoo, fractured Karoo and dolomitic aquifers). The resuits of the 2006
/ 2007 monitoring data were discussed in Jones & Wagener report number
JW117/07/B200*,

Cuaternary Drainage

Compantment BOUndaW
Major Revers

® Spangs
Inland Watet Body
Dolomitic Quicrop

Topography (m.a.m.s.1)

P Hgh @ 1787
= Low

r the increasing contamination of the

~ Pubhshed Oykes

=
/
|
L

ocation of the water quality monitoring points for the greater Delmas-Bapsfontein area,
able at the time of the study, is illustrated i

:mmcajgm.._.:m _no__oé_zcmmumoﬁma_mﬂmaﬁo
Wailable groundwater chemical data include:

Most groundwater quality monitorin
and Bapsfontein. The groundwater
off groundwater quality survey(s) rat

g locations are located around the towns of Delmas
quality data generated by DWAF represents a once-
her than continuous monitoring programme.
Groundwater quality data from mo

nitoring locations around the towns of Delmas and
Bapsfontein, managed by the respective local municipalities, were not available for this
‘study.

B
oS
P
-
ion levels (m.a.m.s.l.).
in tentatively) and representative mean groundwater elevation (
0 o O arawn

/
Springs

The DWAF monitors a few surface water localities in the greater Delmas-Bapsfontein
area, however only a few stations have continuous data up to 2007.

The limited groundwater and surface water quality monitoring localities in the Delmas-
Bapsfontein area prevents a detailed description of the groundwater chemistry trends as
Well as the potential impacts of various land-use activities on the groundwater guality of
he dolomitic aquifers.

o

e e

0033_._:.8:0: (2 October 2007) - John Glendinning (Jones and Wagener).
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1.4.1 Surface Water quality

he DWAF water quality database was sourced for long

-term water quaiity monitoring data in
¢ study area. Data was obtained for the following stations:

A2H090Q01 - Hennops River upstream of Rietvlei (1986 to 2004)

A2H008Q01 ~ Elandsfontein Eye at Elandsfontein downstream of Rietvlei stream (1980
to 1998).

B2HO008QO01 ~ Rietvallei Farm at tributary of Koffiespruit (1985 to 2007).
B2H009Q01 -

Olifantsfontein at Koffiespruit (1985 to 2002).

ZQMDLS1 - 2628BA00423 Delmas (1995 to 2001).
B2H005Q01 ~ Osspruit at Knoppiesfontein (1984 to 1998).

ailed evaluation of the water quality of station A2H090
licted by Hobbs (2004). The study observed seasonal
vith associated patterns in the sodium and chloride concentrations. The author aiso hoted
e surface water prior to March 2002 exhibits a Na-HCO; character in the winter and a Ca-
in summer. Higher salinity values maintained since March 2002 led to the extent that the
nore recently exhibits a varying Na-HCQ; and Na-C| composition throughout the year.

Q01 (upstream of Rietviei Dam) was
changes of electrical conductivity and

regions, surface water becomes ground water when it sinks into the streambed or into
streams (swallow holes). On the

other hand, karst groundwater becomes surface water
emerges from springs. Therefore, the impact of surface water quality on the adjoining
L rtance. The mean chemical com

position of the surface
Q01 (1993), B2H009Q01

[0

at station A2H00S8
807) is illustrated in Figure 11.1

(2001) and B2H008Q01
3.
10 00 4
7.00 ﬁ
400
= T SR 1
100 4
070
040 i
N a ...u
e .r.r L o
0.10
0.07
0.04
—o— B2H008001 (2006/2007)
B B2HD09Q01 (2001)
A2HO08Q01 (1993
Ca Mg Ma S04 o] HCO3
Cheimical Parameter

13 Characterisation of mean surface water chemistry for three monitoring stations.

209




e three sampling stations. This indicate

e differences in grou
ndwater c i
hemical compositions at Bapsfontein a |
re clearly evident

sohasising the hetero i
geneity of the karst aquifer. The karst aquif
quifer (dolomite)

A remarkable :quo:miom_ similarity exists between th
a holistically uniform and homogeneous :<a~oo:m3,om_ “response” of the surface drainagg sundwater with a Ca-Mg-HCO
systems in the study area. Further observations made on long-term monitoring data from statig wilar patterns are observed -3 character with equal amounts of i produces
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able 11.6. Summary of WARMS-based groundwater use information (2007).

Legend

£ Bapsfontein ] =
D Deimaa . ompartment/Area Topo-cadastral Farm HM..WM mmun_“_nm“ﬂﬂ”_\“_n_ me Water Use Sector
. Tweefontein 413 JR 6 1912726 . N
) 7 42480 Agriculture: irrigation
Witkoppies Elandsfontein 412 JR 1 36 500 Agricuiture: livestock
Grootfontein 394 JR 1 4 860 Industry {urban)
TOTAL: 1996 566
T Bronkhorstfontein 20 R 1 570 940
, 6 2795180 Agricuiture: irrigation
Elandsfontein 412 Jr 3 185312 (spring)
) I . . 1 1190 Agriculture: livestock
dandsfontein Rietfontein 21 IR 3 483500 Agriculture: iigation
. 1 315 360 Industry (non-urban)
‘ Twesfontein 19 IR 3 124 173 Agriculture; Ivestock
TOTAL: 4 475 655
] : Tweefontein 413 JR | 12 3 664 225 Agriculture: irrigation
ein TOTAL: 3664 225
Droogefontein 242 IR 1 324 950
Elloff Agricultural Holdings 2 23 210 Agricuiture: irrigati
H_sﬂ 234 1R 5 1320 290 griclture: irigation
3 1191950
Wom&mqmnz S 3 1000 000 Industry (urban)
3 o | Goedklip 275 IR 1 1105 550
S @ 0 HC Katboschfontein 22 |R 2 280 420 . e
) Na+K Leeuwpoort 205 IR 5 526 800 Agriculture: irrigation
- 4 Delmas groundwater samples. | Middelbult 235 IR 13 2382150
sfontein an Modderfontein 236 IR 1 51 300
Figure 11.16. Piper plot of LT 7 998 038 Agriculture: irrigation
Olifantsfontein 196 IR 1 1825 Agriculture: livestock
. 1 1848 industry (urban)
Resources Evaluation 8 1154 060 Agriculture: fivestock
115 Water el Rietfontein 21 IR 1 . 1825 Industry (non-urban)
. and _ 1 73000 Industry (urban)
Groundwater Use , ater >c§o:mmﬁ_.o: on o Rietvailei 195 |R 1 408 800
11.5.1 d from the DWAF'S W undwater use _:ﬁoqamﬁ_w m_m . : etk
. of data sourced the summary of gro verified by DW Rietkol 237 IR - 5
An evaluation (WARMS) yielded is data has not been ta should be @ . Ledoh . _—
ement System to note that this urface water data E.m_‘mmua 271 IR 1 90 200 Agriculture: irrigation
Manag 16. It is important roundwater and s Witklip 229 IR 2 328 100
in Table 11.16. evaluation of both the g Witklip 232 1R 2 1494 659
offices; therefore heless indicaté Woivenfontein 244 IR 1 320 000
this in mind. . tion, the information :m<m:~m._: dolomitic: L | TOTAL: 11 897 654
he data into oo:m_m_ma . ter Delmas-Bapsfo f approxt L | Zesfontein 27 IR 1 953 Industry (non-urban)
Taken the accuracy of »oc:aémﬁmﬂ users in the @qmwn a registered volume 0 WMQ olall 3 TOTAL: | 953
p water L .

number of registered Mmﬁo:
. Elan
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ceeds this amount b
the current

213




1152 Surface Water Use

an evaluation of data sourced from the DWAF's Water Authorisation and Registration
g : Management System (WARMS) yielded the summary of surface water use information
E mw resented in Table 11.7.
g 2 nformati
s B w 23 m m 3 able 11.7. Summary of WARMS-based surface water use information (2007).
E s8fgEgsz (@ : 1 :
mm .2 m m z R ) W 5 3 w m,m. 5 5 mm m,m. m m m_ m ,.ww. M MW mw W wm .o:_um:_so_.&?.om Topo-cadastral Farm uM.o.n.M mmmh_ﬂwwﬂﬂ“\“__w_ me Water Use Sector
£3882isit . opfiiiafpEtiacigeiacis (2l 1 oo | VWikoppies 303 IR 2 215 260
ML RO L L HAIH I L HER: " TomAL L
MMmmmmmemmummwmmwmmmmwmammnmrneJ s ali 2l20338|38 _ 3 Knoppiesfontein 1 85 460
$2..00 L] d — — — | Leeuwpoort 205 IR 1 266 200
32 ——— a7 | Rietfantein 21 IR 5 810 500 N
I [ 8. . | 8 Goedgedacht 228 IR 1 418 200 Agriculture: irigation
£ o o Delmas .
o / 5 [ 8 Weilaagte 271 IR 2 686 600
e se £ ‘,v £ Weltevreden 227 IR 1 80 000
m ) Witklip 232 IR 1 285 500
/ < ¢ : L TOTAL: 2 375 460
" M. ..w.ﬂ = __ [
‘e c V.h. 2 | information indicates that annual registered volume of surface water available for
® v % | | raction in the Delmas area/compartment amounts to 2.38 Mm?a. This amount is mostly for
‘e X - v.w_‘. # s b in the agricultural (irrigation) sector. No other significant surface water usage is expected in
il W ® P - | _ 3 various other dolomitic compartments. Significant quantities of surface water from the
e 8 . 5 .,.m ﬁ_
o ° R
S

vlei Dam is utilised by the Tshwane Metropolitan Council's for municipal supply purposes.
bs (2004) made a detailed account of the various water use sectors in this area.

3 Water Balance Information

B20B
-

e : . 3.1 Groundwater Resource Units

lomitic environments it has been shown that with the presence of sub-vertical dyke's
2 . Dgeoclogical isolated compartments can be identified which exhibit different hydrostatic
. . nse patterns. The identification of groundwater resource units is imperative in Reserve
4 . ination assessments and accurate water use licensing. In this study a conceptual
standing of the Delmas-Bapsfontein area formed the basis for the identification of
Owater resource units. In the absence of a detailed account for the interaction between the
¥ing Karoo sediments and the dolomitic compartment in the Varkfontein and Delmas
artments, the identified major surface drainage will be regarded as the unit boundary. It is
er noted that the Karoo sediments have different hydraulic properties which affects the

ent and storage of groundwater in such aquifers. The proposed groundwater resource
S depicted in this study include:

A23A

Bapsfontein

Witkoppies compartment (GRU 1)
Elandsfontein compartment (GRU 2)

Bapsfontein compartment (GRU 3)
Varkfontein compartment {(GRU 4)
Delmas area (GRU 5)
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11.56.4 Groundwater Balance

It is beyond the scope of this investigation to provide a amﬁmm_mm account of .m__ the mqo::n_s_mﬁmﬂ...
flows, outflows and groundwater contributions to baseflow ._: Sw Bms.ﬁ_msma ﬂm.mocqom.c:...
However to assess the status of the resource unit under _3<mm.n_mmﬁ_o: ;._.m:._m._:m. o_.;_om_
provide some basic water balance information (Table 11.8 ). This in 683 will mmmumﬁ in amm_mf
making regarding resource classification and setting of resource quality oc_mﬂﬁzmw which
imperative for Groundwater Resource Directed gmmmc_.mm (GRDM) assessments. . amn:mﬁ
value of 10% is used in the water balance and is based on the mm_omﬂam_: mmmm.
determination conducted by Jasper Muller & Associates (2005). Compartment sizes and sprig
flow estimates are based on investigations by Vegter (1986) and Hobbs (2004).

Table 11.8. Water balance information for resource units identified.

Groundwater
Recharge (10% ‘ .
. Area of Annual Abstraction Spring Flow
D (km?) | Rainfall) (M (Mm®/annum) (Mm®/annum)
Mm*/annum) Registered Volume
GRU 1 45 3.08 2.0 3.22
GRU 2 60 4.32 448 1.26
GRU 3 9 0.65 3.66 -
GRU 4 40 2.89 0.95 -
GRU 5 200 12.59 11.90+ 3.03 145

Taking the absent water balance parameters into mmooc_..ﬁ it remains clear ﬁmﬁ BM_m._ﬁ w“.
groundwater resource units of the Delmas-Bapsfontein area are m:mmmm.a aquifers. d Mmm
groundwater allocation will rely heavily on our ability to moom.__.mﬁ_e. predict the qowuo 3 :
status of the resource unit under investigation. In some m_«cmco:m {e.g. OWC ) no
groundwater could be allocated and will require enforced restrictions of abstraction.

11.6 Conclusion & Recommendations

The dolomites of the greater Delmas-Bapsfontein area m..m.mﬁm:w?wq .E___mma M”q _M_mmmm“%.
water bearing characteristics. Unfortunately large scale aquifer mmn_o_ﬁmco:.m:a_,_ mm.m mﬁoz._.,.
rock characteristics of dolomites have lead to numerous sinkholes in the o _u_um_a
compartment. The groundwater level fluctuations o.c.mmJ\ma across Em oﬂwom.osmq_:.
Bapsfontein compartments are indicative of the over cﬁ.___Nm:o: Qn. the m.nc;mM. e
the hydrostatic head in the dolomites is evident in .Em Witkoppies, Mﬁ, . am__<mﬂmc...
Bapsfontein area, as well as, in the Delmas area. An outline of the outcome o

is as follows:

1) Evaluation of groundwater level fluctuations and trends in the dolomitic compartments
and the interaction between the compartments.

e This study revealed that significant groundwater level fluctuations, together with a
decline in the mean groundwater levels particular after 1997, is evident in the
Delmas dolomitic area. The range of fluctuations (maximum Ah) for the groundwater
levels in the Delmas area varies between 4.14 to 46.45 m.b.g.l with a mean
groundwater level decline (cumulative Ah) of 7.2 m since 1986.

e A good outline of the regional extent (or hydraulic boundaries) for the Delmas-
Bapsfontein dolomitic area defined from previous studies and aeromagnetic data
now exist. However, the hydraulic connectivity between the dolomitic aquifers and
the overlying Karoo sediments and Pretoria Group formations requires further
investigation. A better understanding of the role of the bounding dykes on the
groundwater flow and determining the extent of leakage through these almost
impermeable barriers would be extremely valuable in future groundwater
management decisions.

2) Identification of the impacts of various land-use activities on the groundwater quality.

* Various land-use activities have been identified in the study area with potentially
diverse impacts on the dolomitic aquifers. Impacts on the groundwater quality of the
dolomitic aquifers may be associated with the irrigation return flows from large-scale
agricultural practices, the potential for bacteriological contamination emanating from
growing informal settlements, urban run-off and discharge of industrial effluents, the
discharge of treated sewage effluent into surface water bodies from waste disposal
sites and/or the potential contamination of aquifer systems underlying such waste
disposal sites and mining activities.

* The resultant impacts on the groundwater quality of the dolomitic aquifers are difficult
to quantify at this stage due to a lack of continuous water quality monitoring data in

the study area. This may be related to inefficient monitoring or data not forming part
of the NGDB.

3) Assessment of the extent of groundwater use in the various dolomitic compartments.

* The available information indicates that a large volume of registered groundwater
use occur in the dolomitic areas. Groundwater authorised use in the Witkoppies,
Elandsfontein and Bapsfontein compartment is 10.4 Mm¥a. The Delmas area
support a registered volume of 14.93 Mm?a.

* With a groundwater recharge of 10% of mean annual rainfall, it is clear that
abstraction in almost all compartments exceed this value. Enforcing restrictions on
groundwater abstraction might be the only way forward for highly stressed aquifers.
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Based on these outcomes the following recommendations are proposed:

a)

b)

To further elaborate on the groundwater level trends within the identj
compartments, continuous, consistent and reliable monthly groundwater le
measurements from identified monitoring stations should be conducted.
frequent monitoring is necessary in stressed groundwater resource units.

To identify possible structural discontinuities in the groundwater flow system and
assess the connectivity of the Karoo aquifers to the dolomite, more detaj
investigations on specific resource units will be required. This will require identi
and surveying additional monitoring boreholes.

The current groundwater quality monitoring programme requires revision, if)
systematic monitoring is in place a detailed hydrogeochemical study of the dolo _
aquifers in the Bapsfontein-Delmas area is necessary. This will address the impag
of the diverse land-use activities on the groundwater guality of the dolomitic aquif
system and will provide a detailed extent of monitoring necessary in future.

Appendix 11A

Groundwater level monitoring stations
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Appendix 11C

Surface water chemical composition and trends

11C-1.1 : Chemical Composition

Chemical composition at station B2H008Q01 Koffiefontein
August 1985 to March 2007
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11C-1.2 : Electrical Conductivity
Hectrical Conductivity trend at station B2H008Q01 Koffiefontein
August 1985 to March 2007
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10

GEOLOGY

Regional geological setting

: Karst Belt comprises of five formations forming the Malmani Subgroup, a subdivision of the
W AN s nsvaal Supergroup. This Supergroup is preserved in three structural basins on the Kaapvaal
_ sl ton in which carbonates, iron-formation and minor silica-clastics were deposited. Two of

e basins, the Transvaal and Griqualand West basins, are situated in South Africa, while the
ird, the Kanye basin, is in Botswana. The succession preserved in the three basins is very
milar, with correlation being best for the lower chemical sedimentary units, the Malmani and
haap Subgroups, while the correlation in the upper clastic sedimentary and volcanic lithologies
f the Pretoria and Postmasburg Groups is relatively poor (Eriksson et al, 2006). The Transvaal
upergroup represents one of the world’s carliest carbonate platform successions (Beukes,

1987) and overlies rock formations representing the Archaean basement, and the
Witwatersrand and Ventersdorp Supergroups.
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3.2 Lithostratigraphy

The Karst Belt forms part of the late Archaean to early Protorozoic Transvaal Supergroup
spanning the time period from approximately 2 640 Ma to 2 500 Ma (Eriksson ef al, 2008). This
Supergroup is preserved in three structural basins on the Kaapvaal Craton in which carbonates,
iron-formation and minor silica-clastics were deposited. The stratigraphic column showing the
position of the geological sequence represented by the Karst Belt is shown in Table 3.1. The
basal formation of the Transvaal Supergroup is the Black Reef Formation consisting
predominantly of quartzite with some subordinate shale and conglomerate. The Chuniespoort
Group of the Transvaal Supergroup consists of the lower Malmani Subgroup which is
subdivided into five formations, and two overlying formations, the Penge and Duitschland
formations. The Penge formation consists of banded Ironstone while the Duitschland Formation
is represented by carbonaceous mudrocks, limestone and dolomite. These latter two formations
are however, mainly present in the northeastem part of the Transvaal Basin and only relatively
small outcrops occur in the western part of Groundwater Region 10. The geological map of the
Region is shown in Figure 3.1.
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Groundwater Region 10 |

The Karst Belt, as Groundwater Region 10 is also referred to, is represented by the up to
i 2000 m thick Maimani Subgroup which is subdivided into five formations, referred to as the
| Oaktree, Monte Christo, Lyttieton, Eccles and Frisco Formations. The subdivision is based on
the chert content, as well as the variety, absence or presence of stromatolite structures,
intercalated shales and erosion surfaces (Button, 1973: Eriksson and Truswell, 1974 in Eriksson
et al. 2006:; Obbes, 2001). Previously, Clendenin (1988) proposed a slightly different
subdivision based on geochronometry and identified six unconformable bounded packages. He
referred to these packages as the Oaktree, the Lower Monte Christo, the Upper Monte Christo,
the Lyttleton-Eccles, the Frisco-Penge and the Duitschland. The two main lithological types are
normally referred to “chert-free” and “chert-rich” dolomite. Different views on the reason for the
variation in chert content are held by Clendenin (1988) and Foster (1988). Foster (1988}
i attributes the difference in chert content to the different depositional environments, chert-free
units were deposited in subtidal environments, while chert-rich units are from intra-tidal to supra-
tidal zones, while Clendenin (1988) has the view that the different depaositional packages were

Figure 2.5: Map of Groundwater Region 10 displaying the SANB! National Land Cover types across the Region.
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11C-1.3 : Major Cation Trend

12 STATISTICAL ANALYSIS OF BOREHOLE INFORMATION
Major Cation trend at station B2H008Q01 Koffiefontein 12.1 Introduction
August 1985 to March 2007 ) ) ) o .

The Terms of Reference for this appointment require that statistical analyses of available
1.6 | borehole information have to be conducted. The methodology used by Vegter for some of the
“.w 1 other Groundwater Regions and described in earlier reports to the WRC (for example Vegter
13 P 2000a; 2000b, 2003} was again used. The procedure proposed by Vegter (2000) to analyse the
= 12 v é : P») p borehole and groundwater information is designed to use information recorded in the National
g L1 E._ i b/z,_vwf? \ Groundwater Database (NGDB). Two methodologies were developed: one that is generally
E 0 w . 4__;\4 ¢ v : applicable to information from all regions, and one that was adapted for analyzing groundwater
g o8 | occurrences associated with dyke intrusions in  Karoo geological environments, For
s 071 = Groundwater Region 10 the “General Scheme”, as defined by Vegter (2000) was used to
£ 06| ) - analyse the available information recorded in the NGDB. The NGDB recorded information for
m m.w. 1 boreholes within Region 10 was extracted and analysed. A number of the graphs already
\ nw 03 prepared are included in this report and show the results of the statistical analyses for the

0.2 different components listed below graphically:

0.1 ST bl s _ T
0.1 o S — 8oy m..., 28L58283883588 ma.om._. 338 Wm * the borehole depth distribution across the Region 10;
i nm woww E2s B2 S88E5ERB3 m Q] m.m 2 Mm nm.m & * the water level depth distribution:
23 AI<ABITAIn0OSuZ “ * the distribution of depth at which water strikes occurred below ground surface;
Date

the borehole yield distribution across Region 10; and
* the water level/borehole yield distribution.

11C-1.4 : Major Anion Trend 122 Borehole depth distribution

Major Anion trend at station B2H003Q01 Koffiefontein

A total of 3 643 boreholes are recorded in the NGDB within the boundaries of Groundwater
August 1985 to March 2007

Region 10. For only 1 777 of the 3 643 entries information on the depth drilled is recorded in
the database. The depth distribution across the entire region 10 is displayed in Figure 12.1.
This graph shows that approximately 80% of all recorded boreholes are shallower than 100 m.

Boreholes deeper than 200 m are rare and the 56 recorded cases and it is believed that most of
these were drilled during the exploration for dee
supply option during the severe drought of the e
on record is 450 m.

24
22

1.8
1.6 -
1.4

P groundwater as a possible emergency water
arly 1980s. The deepest water borehole depth

. ! 12.3 Water level depth distribution
B2 4

' -S04 Cl HCO3 ~
o.m |

The water level depth distribution across Groundwater Region 10 for the number of boreholes
where water levels have been recorded is shown in Figure 12.2. The total number of recorded
water levels in the NGDB are only 839 out of the 1777 boreholes for which depths are recorded

or the 3 643 total number of boreholes on record. This graph indicates that almost 75% of
recorded water levels are within the upper 40 m below ground level,

Concentration (meq/l)

=3
=
£

where after a steady

: T Tl m T89S decline in water level depth sets in up to the approximate depth of 100 m. Occasionally water
o0 = [~ ] .
2228zas833 g m g 7 m 23333 M,m wu._ L8 858 levels of deeper than 100 m have been recorded in the past. In the procedure developed by
€ m. 2 2588 &g 8 B ge g8 5235228323843 Vegter (2000), he also determines the frequency distribution of water levels within a certain
Date

depth range in terms of the total number of boreholes on record that have penetrated the
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different depth ranges. The benefit of this calculation is not clear and he also provides no
explanation why this calculation and graphical display is recommended.

Borehole depth distribution
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Figure 12.1: Borehole depth distribution across the entire Groundwater Region 10.
124 Water strike statistics

The total number of boreholes in which water strikes were recorded is 790, while the number of
water strikes recorded in those boreholes total 1014. In some boreholes up to four water strikes
at different depths have been noted. Two graphs are shown: (i) water strike frequency below
ground surface {Figure 12.3), and (i) water strike frequency below static water level {Figure
12.4). Figure 12.3 indicates that the maximum strike frequency occurs in the upper 50 m but
that despite the number of boreholes decreasing with increasing depth, the strike frequency in
terms of the number of deep boreholes and with depths up to 200 m below surface.
Figure 12.4, showing the water strike frequency below static water level for 953 water strikes,
shows an initial declining frequency to reach a plateau around a frequency of about 0.25 and up
to a depth of about 50 m and then another plateau at a frequency of about 0.1 to a depth of
75 m.
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REGIOM10: WATER STRIKE FREOUENCY BELOW SURFACE
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Figure 12.3: Water strike statistics below ground surface for Groundwater Region 10.

Strike frequency reaches a minimum between 60 m and 75 m and as the depth increases *.o
115 m the frequency increases again to a level of around 0.4. No realistic explanation for this

phenomenon is available yet, but should be investigated.

12.5 Borehole yield

The water strike — vield relationship for all boreholes in Region 10 where water strikes and
associated yield is recorded, is displayed in Figure 12.5. This graph indicates the median yield
of the sum of yields reported within a specific depth range. The graph shows that up to a depth
of around 60 m the median yield is around 1 I/s, where after more fluctuation in the median yield
with two isolated, but much higher median yields of 20 I/s and 10 I/s occur at the depth ranges
of 115 m to 120 m and 155 m to 160 m respectively. The ~1l/s yield obtained from boreholes

extends to a depth of around 100 m.
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REGION 10: WATERSTRIKE - YIELD RELATIOMSHIP
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Figure 12.5: Borehole yield statistics for Groundwater Region 10.

12.6 Proposed additional statistical analyses

d borehole yield information
Itis
is done on
the borehole int
of the formations penetrated,

. . - m i

this may not always be possible due to poor geological .ammozw_ﬂzmm
e ates it is Uwouommn_ that at least a correlation be done using mﬂ: ﬂ .

logical information. This would be a test for the w..m_a ocmemﬁ_o__JM ﬁ” moﬂ k
(outcrop) @.mo o rally obtained when drilling into the chert rich *o_.B.m:o:m_ et =3
borehole yield mqm mm:mm:oﬂm Some interpolation of the geological 3:32_3 cocsamzﬁﬂm o
o _<_o% . OH_J,.MmMmMU_MM.om_ B.m_vu_:@ has not been done to the same detail across the
required as

Groundwater Region 10. i

13 GEOPHYSICAL INVESTIGATIONS AND BOREHOLE TESTING TECHNIQUES

Geophysical techniques have been extensively used in the past to select potential drilling
targets. The dewatering of dolomitic compartments on the Far West Rand during the late 1950s
and 1970s, to create safer underground mining conditions by decreasing the risk of
underground flooding, resulted in many intensive studies related to ground stability using
geophysical, geological and geohydrological techniques. The results from these studies led to
an improved understanding of the dolomitic aquifers and were put to good use in the
identification of drilling targets for both production and recharge boreholes on the West Rand.
The large scale dewatering in the Far West Rand led to the formation of many large sinkholes
which again sparked off geophysical research programmes to experiment with and improve
geophysical methods to detect areas prone to sinkhole development. Electrical,
electromagnetic, gravity, magnetic and seismic techniques were all tested to establish which
could delineate potential problem areas best. In the end the gravity and magnetic methods
were found to provide the best resuits. As a result large gravity surveys were commissioned
especially across compartments being dewatered and areas overlying gold mining areas. The

magnetic method was used to determine the positions of the dykes forming the compartment
boundaries.

Kleywegt (1988) argued that the advantage of using geophysical data was not only to select
sites for groundwater abstraction, but also to locate and define the extent of the aquifer and to
assess the possible effect of lowering of the water table on the prevailing ground stability. By
combining the geophysical determined geometry of the aquifer, partly calibrated with borehole
information, with test pumping information, it should be possible to determine the storage

capacity of the aquifer. Kleywegt (1988) proposed the following procedure comprising of four
steps to determine the storage capacity of a dolomitic aquifer:

» Extensive gravity surveys with a suggested line and station spacing of 100 m and 50 m
respectively to locate and delineate the aquifer.

* Process gravity data to derive residual gravity maps. Wiegmans (1988), based on
experience from delineating dolomitic aquifers using residual gravity data, used as
guideline an average value of 4 m of low density material per 0.1 mGal residual gravity
value to determine the outer edge of dolomitic aquifers.

¢ Interpretation of the gravity data by using numerical modeling techniques to prepare two-
dimensional cross-sectional models. Reliable interpretations can only be achieved if the
density contrasts are well known. The volume of the aquifer can then be determined
from these cross-sectional models. With the advances in numerical and computational
techniques three-dimensional modeling can be done easily today thereby considerably
reducing the time to derive at the volume of the aquifer.

* The volume of water stored in the aquifer can be calculated using the volume
determined in the previous step and the estimated porosity of the aquifer material. He

cites estimates of porosity derived from density contrasts which vary between 550 kg/m?®
to 750 kg/m®, of 19% and 31% respectively.

The experience gained with different geophysical techniques in the Far West Rand during the
early to mid-1980s came to good use when the water resources in the northern part of the
country were under pressure as a result of a severe drought. The groundwater potential of the
dolomite formations between Delmas and Pretoria, south of Johannesburg and at Tarlton was
Considered for urban water supply and became the target of focused geohydrological
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investigations with the aim of using the groundwater resources of the dolomites should
emergency situations develop. The experience gained with different geophysical metnog _
during the earlier investigations of the dolomitic areas of the West Rand was beneficial during
the planning stages of this emergency water supply scheme. Regional gravity surveys Covering
several hundreds of square kilometers in the three areas mentioned above were CoOmMmMissioneg
by the then Department of Water Affairs in association with the Geological Survey. The resyjtg
of these surveys were used to construct residual gravity contour maps which then formed the
basis for not only selecting sites for drilling deep exploration and production boreholes;
sometimes to depths in excess of 200 m, but also for deriving the storage capacity of aquifers.

Two distinct anomaly patterns are often revealed by these residual gravity maps: (i) broad
gravity low anomalies, and (ji) linear gravity low areas. According to Wiegmans (1988} broad
gravity low areas could represent:

e Dissolution in areas associated with broad fracture zones in chert-rich formations
with the presence of water saturated overburden, cavities and dissolute fractures
at depth;

e Palaeo-valleys, infilled with Karoo sediments and often associated with chert-rich
formations at depth;

¢ Chertrich formations with relative high surface elevations where most of the
overburden and cavities can be above the static groundwater level.

Linear gravity lows could be the result of:

e Zones of faulting and fracturing along which extensive dissolution has occurred;
« Weathering of dykes and dissolution of dolomite along contact zones with dykes
and sills.

Broad and linear residual gravity low anomalies coinciding with groundwater gradients of less
than 1:1 000 are often indicative of the presence of high permeability dolomitic aquifers. Where
overburden or highly weathered material below groundwater level causes broad residual gravity
low anomalies, this represents aquifers with a high storage potential.

Experience in the selection of drilling targets based on residual gravity anomalies has shown
that the depth to groundwater level has to be considered. In cases of shallow water levels (say
<30 m below surface) the success rate of drilling high yielding boreholes is higher when the
drilling site is selected and the foot of the gravity low feature rather than at the centre. It is
argued that the gravity low represents highly dissolute dolomitic material that could adversely
affect drilling conditions, increase drilling and construction costs and may even lead to the
abandoning of a borehole. In contrast, the centre of the gravity low can be the target when deep
groundwater levels are present.

For selecting drilling targets to establish production boreholes based on gravity data the
following recommendations in decreasing order of priority have been proposed by
Wiegmans (1988}

. _u.mmu and broad residual gravity low areas where no Karoo cover is present;

. _.__._.mm_‘ residual gravity low anomalies that correlate with lineaments identified on
aerial photos and mapped faults;

¢ Linear residual gravity low anomalies with strike direction parallel to that of dykes
and usually at a distance of between 200 m and 1000 m from dyke;

. m_.oma and deep residual gravity low anomalies in the presence of Karoo
sediments and where Karoo is underlain by chert-rich formations;

¢ Broad residual gravity lows where chert-rich formations are at relative high

surface elevation and cavities and overburden material are probably above the
water table.

A m:oommm. rate of 75% and 52% was achieved in the Middle and Lower Klip River Valley
Bapsfontein-Delmas and Tarlton areas when drifling sites were selected on gravity low

anomalies in chert-rich and chert-poor formation respectively. A borehole with a yield of 25 I/s
or more was considered as a successful borehole.
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14 HYDROCHEMISTRY AND WATER QUALITY
nd springs within Groundwater

Chemical analyses of water samples collected from boreholes a
e used to construct two

Region 10 available on the Department of Water Affairs database wer
Piper diagrams (Figures 14.1 and 14.2).

in Figure 14.1 the analyses were grouped according to the Electrical Conductivity value in three

classes based on the SANS 241:2006 (Edition 8.1):

e (i) Class I: EC <150 mS/m
o (ii) Class Il EC in the range of 150-370 mS/m
o (iii) EC > 370 mS/m.

es on record are within the Class | EC category and only a few

More than 95% of the analys
here the EC in excess of 370 mS/m. This agrees with the

isolated cases are on record w
conclusions reached by Barnard (2000).

006 (Edition 6.1) standard was superseded by
(Edition 1.1). In the new standard the
rd limit. In the case of EC this is set at

Note: Towards the end of 2011 the SANS 241:2

SANS 241-1:2011 (Edition 1.1) and SANS 241-2:2011

Class | and Il categories are replaced by only one standa
<150 mS/m.

the analyses are plotted according to the Quaternary

In this case prominent groupings can be seen, for
and those catchments

In the Piper diagram shown in Figure 14.2,

catchment in which the borehole is located.
example, A10A and D41A around Mafeking and Zeerust as one group,

around Steenkoppies and Tarlton (A21D and C23F).

Barnard (2000) analysed the results of 223 chemical analyses. His results are reflected in

Table 14.1 below.

ble 14.1: Variation in chemical composition of water samples from the Chuniespoort Group (after

Ta
Barnard, 2000)
Statistics drawn from a population of 223 analyses — i
Element/
. Standard Coef. of
Parameter Min. value Mean value Max. value L. L
deviation variation (%)
pH 5.8 7.6 9.5 0.4 &
EC (mS/m) 4.4 62.9 397 56 89
TDS (mg/l) 43.1 443.6 3402 403 91
Ca (mg/l) 1.0 527 436 54 102
Magnesium {mg/l) 1.0 354 223 31 88
Sodium (mg/l) 1.0 241 299 39 162
Potassium (mg/l) 0.1 2.3 39 4.2 183
Chioride (mg/) 1.0 37.7 900 83 220
Sulphate (mg/l) 1.0 70.5 2172 233 330
Tot. Alk (mg/l) 8.0 177.3 664 94 53
Nitrate (mg/l as N) 0.1 5.6 122 121 216
Fluoride (mg/t as F) 0.1 0.3 2.8 0.4 133 |
SAR 0.03 05 29 0.5 100
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igure 14.1: Piper diagram based on Electrical Conductivity groupings
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15 GROUNDWATER USE

Information from the Department of Water Affairs
Quaternary catchments within Groundwater

WARMS database was obtained for all the
registered water users identif

Region 10. At the end
ed as having an “Active”

of 2011 there were 1024

status. The total registered water use
amounts to 225.7 Mm%a. The registered water use is allocated to the categories of:
* lrrigation: Aquaculture
¢ |rrigation
< < . .
ogoo0oLgaLonLg » Livestock waterin
DL ORI L YRR LENEE383TED PR PR ’
=x55538538808888882228Y g
O o
wammwnmunlnnuulluanunl
=]

¢ Industrial use

e Urban use

* Mining related use
* Recreational use

* Schedule 1; and

¢ Water Supply Services

The total registered water use for each of the GMAs was calculated and t
to one of the 10 water use ranges, the lowest being no groundwater use

category) to the highest range being 24 to 37 Mm¥a. The allocation to ea
for each of the 24 Groundwater Management Areas (GMAs) is sche
Figure 15.1,

he GMA was allocated
(no GMA fits into that
ch of these categories
maticaily illustrated in

— Chloride »

The lowest water allocations occur in the GMAs around the Johannesburg Dome and are within
the range of 0.01 to 1.0 Mm¥a. These are-

Piper Diagram

A21G; A21H; A21A-B; A21 B-K; A21A-S and A23D

In the rest of the GMAs the water use allocated is >3 Mm?%a,

In only one GMA (Dinokana) the water use is almost totally allocated to water supply services.
In the majority of cases irrigation and agricutture is the dominant water use. The only area
where a substantial amount of water is allocated to mining, is in GMA A31A to the southwest of
Zeerust. Schedule 1 water use dominates the allocating in GMA A21A-R near the Rietviei dam
south of Pretoria. The only

areas where substantial groundwater volumes are allocated to Urban
use, id in the Centurion and Bapsfontein areas. To the west of Pretoria and arou

the East Rand, some groundwater is allocated to industrial use,

<« Calcium —

nd Springs in

However, it should be mentioned t
does not provide an accurate

hat the WARMS database of the De

partment of Water Affairs
reflection of actual
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16 GEOTECHNICAL INVESTIGATIONS, DOLOMITE

STABILITY AND ROLE OF /
RELATION TO GROUNDWATER

16.1 Geotechnical information

A considerable amount of time was spent to scrutinize a selection of geotechnical dolomite
stability reports done mainly to assess stabilit

y and foundation conditions for proposed new
infrastructure developments (mainly housing developments) which have been submitted over
many years to the Council for Geoscience as part of a geotechnical approval process for all new

developments on land underiain by dolomite. The CGS maintains a database of boreholes

drilled during geotechnical investigations. This database currently contains information on some
17 000 boreholes within Groundwater Region 10 drilled for geotechnical stability investigations

of dolomitic land and which are referred to in reports on investigations submitted to the CGS.

As can be expected the majority of reports describe investigations in highly build-up areas such
as southern Tshwane, northwestern Ekurhuleni and Springs. Less information is available for
surrounding areas such as the Bapsfontein/Delmas areas and very sparse information for the
western area towards Lichtenburg. The southern Tshwane and north
(and especially the area previously known as the Lyttleton Agricul
investigated in great detail and a large number of investigations only
sometimes even smaller. Many of the original stands are now being
office complexes and detailed geotechnical investigations are re

development can be granted. For these investigations it is not unc
density of 10 or more boreholes per hectare.

~western Ekurhuleni area
tural Holdings) has been
cover an area of 2 ha and
developed for housing and
quired before approval for
ommon to have a borehole

Because of budgetary and time constraints it is clear that not all the dolomite borehole
information contained in the CGS Geotechnical Borehole Database can be analysed for the
current project and therefore only a selection of reports were reviewed. The reports selected
cover the whole area from the Botswana border to Delmas and Springs. A total of 97 reports,
mainly covering the period 1990 to 2009, were reviewed. The areas for which reports were
selected for review are shown in Figures 16.1 to 16.3. The reason for selecting later reports is
that investigations became more regulated and boreholes were drilled deeper (up to 60 m
depth) in later reports. Special attention was given to the geological descriptions of new
boreholes drilled during each investigation and which included references to static water levels,
water strike depths and borehole yield. Depth to dolomite bedrock was also noted where
possible as dewatering in poor dolomite residuum (weathered dolomite) indicates a high
dolomite stability risk. The results regarding groundwater levels were disappointing as very little
new geohydrological information has been documented in these reports. Notes on each report
reviewed are summarized in the attached table (Table 16.1). The gechydrological information
available in the selected reports, were arbitrarily grouped into three categories: A — Contains
acceptable level geohydrological information (often geohydrological studies); B — Contains
geohydrological information which can be cons

ulted in further studies: and C — Contains poor
geohydrological information. Only 7 of the 97

reports reviewed, were given an A rating, while
most reports obtained a B rating (see Table 16.1).

Because of the limited information obtained through these reviews, further reviews of additional
geotechnical reports are not envisaged. A positive outcome is however that a flaw in the
reporting of groundwater data in the reports has been identified and is likely that the method of
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Figure 3.1: Geological map of Groundwater Region 10 including the 5 km buffer zone around the Region.
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Groundwater Region 10: Karst Belt — Draft Final Report, February 2012

e next one was deposited and therefore particular units contain such high

eas where chert-free formations outcrop, are generally of low relief and with no distinctive
omorphic expression, whereas outcrops of chert-rich dolomite formations show moderate to
ominent topographic expression that can be recognized on aerial photographs (Obbes, 2000).
he prominent Skurweberge is an example of more resistant nature of the chert-rich formations,

this case the Eccles Formation.

rn-free Oaktree formation is at the base and conformably overlies the Black Reef
It consists of between 10 m and 200 m of carbonaceous shales, stromatolitic
dolomite and some quartzite. Areas representing this formation usually have a low relief, with no
distinctive geomorphic expressions. The contact to the overlying Monte Christo Formation is
gradational. This chert-rich formation consists of 300-500 m and is subdivided by Obbes (2001}
into four Members, of which the upper two members, the Rietspruit and Crocodile River
Members have abundant chert in the form of chert-in-shale and silicified chert breccias, and
chertified stromatolites. The other members consist predominantly of dolomite with some chert.
At the base of the formation erosive breccias are present alternating with stromatolitic and oolitic
dolomite. The Monte Christo Formation is followed by 100-200 m of dolomite, shale, and
quartzite forming the Lyttleton Formation. This formation generally regarded as being chert-
free, but does contain some chert in the central part. The Lyttleton Formation is in turn overlain
by up to 600 m of a thick chert-rich dolomite sequence of the Eccles Formation, also containing
a series of erosion breccias. One of these erosion breccias separates the Eccles Formation
from the overlying up to 400 m thick, massive dolomite of the Frisco Formation.

Foster (1988) describes the chert-free, massive dolomites of the Oaktree and Lyttleton
Formations as fundamentally different to the interbedded chert and dolomite of the Eccles and
Monte Christo Formations. This difference is also seen in the different weathering
characteristics and the development of karst features. This difference in weathering patterns is
important when describing the geohydrological characteristics of these different groups.
According to Foster (1988) the chert-free units weather to form dolomite pavements with a high
density of incipient joints. However, major dissolution occurs only in well-spaced discontinuities.
The chert-rich units again have a rugged outcrop appearance where large voids resulting from
the dissolution of the carbonate rocks are supported by the more resistant chert. The chert-rich
dolomite units support much more dissolution along joints and bedding planes between the
alternating dolomite and chert bands. Foster also states that residual gravity maps reveal zones
of preferential weathering of the chert-rich formations and that extensive zones of porous and
permeable material only form where the weathering of closely spaced geological structures
intersect or coalesce in the Monte Christo and Eccles Formations.

For the most part Groundwater Region 10 is overlain by the sedimentary sequence of the
Timeball Hill Formation of the Pretoria Group. In the eastern part of Groundwater Region 10
and especially within the triangle formed by Pretoria, Delmas and Springs, large areas of the
Malmani dolomite formations can be covered by the much younger shale and mudrocks
representing the basal section of the Vryheid Formation, Karoo Supergroup, and often underlain
by diamictite and shale of the Dwyka Group. The Dwyka Group seldom exceeds 25 m in
thickness, while the Vryheid formation can form a cover of up to 60 m thick. Apart from three
large areas where dolomite is overlain by young unconsolidated alluvial deposits, west and
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Table 16.1: Summary of geohydrological information sourced from geotechnical reports submitted to the CGS

DEPTH
DEPTH RANGE|PRESENCE OF | -0 DEPTH —— COMPARTMENT/
INFO - OTHER | WLDEPTH BELOW | WLELEV. | LEVELOF [\ ool sieer RoCK e mow| maneE AREA
Lo Ll LOCATION CONSULTANT | NR-OF BH'S |DWAFINFO| *op0yppe [ SURFACE ON SITE | mamsl |GWINFO| "o oo 17 qypes °|"wm“°¢ OFEH'S
NO. DATE
. Dinokana
i area.
Road B40/17 Binokana to 165 c shallow 'Windmills in
Re/s 5 | compartment
F3373_ [02/1990 [Moj Dsill'len PR vy R e 1040 |No water strikes. Molopo comp;
et assoc 8 >40 <ite 15 within Palfonten Compantment {Nel, 2000)
F3669 _ |11/2008 |West Province = Comparment is important aquifer. Bredenkamp
i d.
a 2] predicted drog in levels due to deman;
Mbongendhlu Geo {199: Molono compartment
environmental m 3 15-59 2564 |water strikes a1 34.50m. PO COMpanment |
25~
Engineers 41 ement
F3702  [04/2009 [Sheila EINEEt Molopo compartim:
i Holland-Muter & 10-40 : Aolopo
12/ 2009 Sra::::em st fress. T AsS0C 111 »45 -3 1->40 water levels [if any) very deep according 1o T
Faeer = peri rractor. P
Ptn 66, Elandsfontein 34-1P, vvery deep” 1.4 10 experienced con
Cronje _ .
F1442__ |06/2005 |uchtenburg Jan Uihtenburg
i W |Holland-Muter & . 10-60 :
- \:rel\ferdnena Rural Areas, N o o >50 B 1-60 e and veeathered Duryka shate sverlying o
F3668 1 rovince s ] e .
PECHALIET L [ »69 64-65 [weath} k2 Shis e S:a:z‘levels [if any} very deep according to
hews b
F3383  |04/1973 |Townlands 27.1P E H Mat i e —
17-31 |experienced contractor
11-24
31
i 15 z i
tief k X3, Lichtenburg _|Jan Cronje . Schoonspruit
F3190 _|04/2006 2::‘:(7::'3 oal areas, W |Holtand: Muter & . o8 10-45 |No water strikes. choonspr
' Assoc 38 =0 nvestgation of sinkhole 14 km west of RS00
£3378  [12/2008 :;oa\:'lnoe : Carltonvilie turn-off {situated on Boskop- Moctiisiar
i oirivi
Krugersdorp/ventersdorg Coundil for T 912 16-17 |Turffontein compartment]
20 >
Geoscience 7
Fa3s3 |06/1997 |road level average of depths encountered. Zwartkrans
Ptn 26, Kromdraai 520-JQ, . 7.27 1415 8 630 12-36 [Water [ ap
i frica Exposed .
F2402  [09/2007 [Mogale City A pose Twarthraiis
11:1%
>15 -] 5391
¥ ie |Dolmatec
368 |01/2002 jHold.16, Oakifee AR - Partridge De Villiers 30 [Seepage waterlevelsat2,4-155m encountered. |Zwartkrans
il & Assoc =0 L9 Bolomite on easter part of site, onI‘v 2 holas. rrans
F1491 _ [06/1983 :::::In: P T e yeine (‘-:’9:) 2538 30-51 |stopped in dolomite, others mainly in quartzite. | Zwartkr:
il Exposed 18 s 1 pped 'n COTOMTE, |
F447 04/2007_|X2, Randfontein Africa : ety perched. i
Ptns 48, 43 and Rem Ptn 1 P Venter/ Dolomite S 1445-1455 59233 B Sye Water levels probably per Crass boundary
F2491  |08/2005 |Olifantsfontein 410-1R Technology s arine dykes e 1o divide the sic inta diffesons HonnopsriviarTweel
13283 ontein
Louis Kruger 18 13753 1330,3-1369 |Syenite Sye -44 11-44 \compartments.
i chnics o
F3703  |06/2008 |Mountain View Estate Geote! ) e Hennopsrivier
Rem Ptn 62 Hennopsrivier 485 . 33 c 23,5-37,37 \syenite Sye 0-10 23,5-37,3 |Water strike ai
Imatec wiar
Fi32a  |oz/a008 DO eI E—
Ptn 71, Ptn of Ptn 70 Dolomite s »15 8 1-10 Syenite Sye 1-14 13-15
ivi Technolo; -
£329 06/2005 |Hennopsrivier 482-1Q : £Y T
Ptn 177, Ptn of PAn 70, Dolomite . 8 2.7,3 — 10-13 lopsivier
489 hnology Intrusive  (Intr 1-29; A -
Pt 06/2005 Hennopiriier 48910 . strikes only in 2 holes. Hennapsrivier |
CE L e L ke 28 10,3-27,8 B 123 IBlack Reef [BR 1—‘?3 1&:$ LT Hennopsrivier
Africon i = Sye Sye 2- g
F467 02/2007 |18 . s
F2591 02/2009 |Gerhardsville AHNo2. Ptn1 _|AMB 3 Hennopsrivier
Dolomite 24 1449 B 4 Syenite Sye 17,8-26 26 10pSTVie
F1171 _ |03/2004 |Holdg 23, Monavani, Tshwane ITechnology 1 . : ]
Gerhardsville AH 45, 236 B 15-22.5 Syenite Sye 6-26 212
F3593  |10/2008 |Centurion Geoburo 2 1330

Table 16.1 (cont.): Summary of gechydrological information sourced from geotechnical reports submitted to the CGS (cont.)
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DEPTH
FOLDER | REPORT NR. OF INFO - OTHER | WL DEPTH BELOW | WL ELEV. [ LEVEL OF N O R RESENCE P RANGE OF il CCOMPARTMENT/
ND. DATE LOCATION CONSULTANT BH'S DWAF INFO SOURCES SURFACEON SITE | mams) |GW INEO TO DOLOMITE| OTHER ROCK OTHER ROCK RANGE REMARKS AREA
BEDROCK TYPES OF BH'S
TYPES
Water table probably perched because of syenite
F3592 10/2008 |Gerhardsville AH 7, Centurion [Geoburo 2 19 1372 [} 31->22 Syenite Sye 0,5-22 2231 lintrusion. Hennopsrivier
Ptn 238, Knopjeslaagte 385 IR,
F34831 07/2008 |Centurion Geo Buro 1385 13 B Hennopsrivier
Hold.B4, Gerhardsville,
F36 08/2008 |Centurion Dolmatec 2 25 B 7 Syenite Sye 10-16 918 Hennopsrivier
Only 3 holes showed water. Geocon report
Intrusive and |intr. 0-31, BR G/R/0L/07/09 dated July 2001 on farm Brakfontein
F3249  |03/2006 [Monavoni Area VGl Consult 94 1420 (20-30) 17-21 B 1-32 Lﬂack Reef [18-30 7-39__ |390-JR. Hennopsrivier
F3250 09/2009 |Greater Monavoni Area 2 VGI Consult 1420 (20-30) 9-19,8 B 1-23 Intrusive Intr. 0-25 10-25  [Cnly 2 holes intercepted water. Hennopsrivier
1445,
1435,
Monavaoni X50 and 51 on Ptn 1424 and Seems to be 4 compartments. DWAF repont no 3502,
F3250 09/2009 |of Pin 5 Mooiplaats 355-IR RMS 63 [1435t0 1410| 8-30 1418 B 1-41 Syenite Sye1-19 10-47_ by P Hobbs do not suggest compartments. Hennopsrivier
Transvaal Mudrock 1- 'Water Intersections at 34 and 38 m probably
F2545 01/2003 |Atteridgeville X14 Geostrata 9 34-38{I5) c 15-5¢ Mudrock 50 20-57 |perched water tables on shale dolomite contact. Aalwynskop
Transvaal Mudrock 4-
F2345-1 [07/2008 |Atteridgeville X39 RMS 5 >53 C 23-39 Mudrock, 30 29-53 Aalwynskop
Transvaal Mudrock 1- Water intersection in 1 BH at 34 and 38 m - prabably
F2545-2 |07/2008 [Atteridgeville X41 RMS 5 >57 [ 49 Mudrock 49 20-57 Lgerched water at shale/slate contact Aalwynskop
Transvaal Mudrock 1- Water intersections at 34 and 38 m - probably
F2545-3 107/2008 Atteridgeville X42 RMS. 4 >57 C 38-49 Mudrock 49 20-57 [perched water tables at the shale/slate contact Aalwynskop
F652 06/2002 |Ptn 64, 2wartkop 383-1R Paul Roux >25 < Syenite 22-25 Aalwynskop
Geohydrological study by BKS. Water levals in
FB814 0471996 Eldoraigne %31 BKS 5,5:18,6 1374-1382 A “sunoundlng areas also provided. Aalwynskep
Holland-Muter &
F274 0772007 {Rem Holdg 172, Lyttelton AH's |Assoc. 14 >95 >54 B Sye Sye 1-41 31-54 [Referto GH 3502. Pta Fountains West
F1045 06/1999 |Valhalla Fownhsip Arga 1 FKS 12 A0-60 >S50 B 0,1->50 {Syenite 10-50 [Syenite encountered in one hole Pta Fountains West
Ptn 508 and Rem Ptn 395,
F3482 07/2008 [Zwartkop 356-JR Geo Buro around 1345 C ~ln Fountains West Compartment. Pta Fountains West
No water encauntered on Tshwane Convention
Erven 48, 49 and 58, Schwarnz: Tromp & Centre {Alsu report by Holland-Muter & Assoc.
F3034 [01/2006 |Verwoerdburgstad Assoc. 27 >42 [:] E->42 Syenite Sye 2-33 10-42 [07/2006). Pta Fountains West
Holland-Muter &
F159%  [01+05/200Holdg 236, Lyttelton AH's ASSOC. 8 >53 < 18-55 Syenite Sye 1-41 24-63 Pta Fountaing West
Holland-Muter &
F1600__ {01/2004 |Holdg 238, Lyttelton AH's Assoc. 10 =60 >60 C 859 Syenite Sye 1-54 15-60 Pra Fountains West
Holland-Muter B
F 1603 |05+06/200 Holdg 274, Lyttelton AH's Assoc. 52 »42 c 0-38 Syenite Sye 2-15 5-42 Pta Fountains West
Eldoraigne X53 (Ptn 275 Johann van der
F1464 11/2002 |Zwartkop 356-JR) Merwe 40 1376-1386 B 2-63 Syenite Sye 0-45 669 Pta Fountains West
Eldoraigne X53 (Ptn 279
F1484 @2003 Zwartkop 356-JR} Hobbs Consuiting 17 1382 A 45 Geohydrological report by P J Hobbs Pta Fountains West
Ptn 173 of Ptn 1 Zwartkop 356- |Louis Kruger
Fg14 04/1996 IR Geotechnics 515 B 221 Syenite Sye 19-45 17-45 Pta Fountains West
Johann van der
Fo09 11/2001 _[Holdg 9, Lytteiton AH'S Merwe 9 35-80 >46 B 1-»40 10-46 Pta Fountains West
Ptn 1 Erf 2179, Lytteitan Dolomite
F3285 09/2006 |Manor X§ Technology rd around 60 »>19 13 19 Pta Fountains West
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Table 16.1 (cont.): Summary of geohydrological information sourced from geotechnical reports submitted to the CGS (cont.)

FOLDE
:ro. A m;:;nr LOCATION CONSULTANT '::?F DWAF INFO ":’;L'Rz;m we oepTH scuow | we euev, feeve o T ] e rock | FANGE OF A Gl 1y
SURFACEONSITE | mams! [GW INFO OTHER ROCK (Cdliliintd
BEDROCK TYPES OF BH'S AREA
TYPES
IHong 19, Raslouw AH's, Holland-Muter & I / / / / / /Water tavel informatian from Repart GH3502
F1222 07/2006 [Centuron ASsOC. 13 »37 ] 1-5 Syenite Sye 2-13 721 [|borehele 17. No water strikes.
1385,5- IDiabase Most water strikes in area near the river. Water
F1376 03/1976 _|Lyttelton AH's Dr B H Relly 88 11,8-41 1414 B 0-45 {Syenite?) Jevels measured in only 10 boreholas {out of 58] Pta Fountains West
Holland-Muter &
F1547 08+09/200 Holdg 61, Lyttelton AH's Assoc. >40 C 233 Syenite Sye 2-25 S-4lF Pta Fountains West
Highveld X58 (Part of Ptn 60, Dolomite Geohydrology of Portion 60 in Geocon July 2001
420 06/2005 _|Brakfontein 390-JR) Tachnol 95 5-7 B 1-6 report. Pta Fountains West
Louis Kruger
F992 02/2001_|Highveld X23 Geotechnics 42 23 B $-30 Syenite Sye 1-30 11-31 |water onbyin ane hole. Pta Fountains West
Rern Ptn S and 131, Only 1of 50 BH's showed a shallow perched water
F2B45 02/1996 |Doornkloof 391-JR Jan Crenje argund 50 >80 B table. Pta Fountains East
F760 06/2002_|Lytteiton Manor X11: Erf 2285 |AMB 3 >18 c 232 10-18 |Shallow holes - no groundwater. Pta Fountains East
F753 06/2002 _|Lyttelton Manor X11: Erf 2284 [AMB 2 >10 B 1-2 10 Mo water strikes. Pta Fountains East
Johann van der Pta Fountains East
F1303 10/2000 _|irene X's 4 and 5 Merwe 2,9-14 o Syenite Syenite presentin profiles but no more details. also West
Karoo Base situated on East Fountain Catchment Area.
F2384 091999 | Waterkloof Alrforce Base V6! Consult 1373 ] 1-»60 syenite &0 Refer to DWAF reports GH3502 and GHP 6740. Pta Fountains East
Rem Waterkloof 428-JR and Site on dolomite/Timeball Hill contact. More
04/2002 +|erven 485, 479, 1449 and 1443, |Louis Kruger groundwater on eastern side possibly because of
F684 0872003 _|Menumentpark Geotechnics 23 1453-1484 B8 3-21 Mudrock Mro-13 19-25 |dyke). Pta Fountains East
Situated in East Fountain compartment just east of
Pretoria dyke and dolomite/ Timeball Hill cantact.
SRK {Report by Geohydrological report by Hobbs Consulting for
F134% 11/2004 _|Sterrewag X2and 3 Hobbs Consulting) 1375 A SRK. Mudrocks overiie dolomite on the sita. Pta Fountains East
Ptn Rem Ptn 52 Garsfontein Yielding BH's in shale at 8010 100 m depths - netin
F1036 05/1987 |374-1R RMS >25 11-215 257 dolomite area. Rietviei
1484 Rietvlel A, 4->60 Karoo Karoo 0-60,
1484 Rietvlei B, Intrusive intr, 1-47
1496 Rietviei C,
1500Grootfontein,
1504 Erasmus, Dolomite stability study in which groundwater Rietviei/Elandsfont
Fapas k0972007 [P 20 Grootfantein 394-JR Intraconsult 81 1524 Unnamed levels are considered very important. ein-Babsfontein
Johann van der Also Halland:Muter 4/2005 report. Perched water Elandsfontein/Baps
F1001 09/1996 |Ptn 88 E andsfontein 412-JR __[Merwe 4 50 m 30 B 9-23 Sye Sye 2-30 15-30 |table at 20m, No yielding BH's int dolomite. tontein
Reference 1o gechydrological study by Jasper
Louis Kruger Muller Associates {2005) on the Babsfantein and Elandsfontein/Baps
F1662 11/2005 |Bronkhorstfontein 22-1R Geotechnics 8 15-75 13-29,8 25-72 29.78 |surrounding compartments. fontein
Hobbs Consulting study of Etwatwa X9 and 10
mentioned. Water levels fram 1989, 2003 and 2005
F1668 05/2005 _|Etwatwa X36 ANT Geoconsultants 19 3-14 1611-1624 A Karoo {thick} listad. Also report by PG Hansmeyer. Rietfontein
Karoo +
F1668  |02/1989 |EtwatwaX16 SRK 7 612 1614-1619] B Diabase Karoo and diabase overlie dolomite. Rietfontein
Sterkfontein also
3458 og/2008 \Erf 1491, Eldoraigne, Tshwane [Dolmatec 1 45 C Syenite Sye 3-43 a3 Kaalspruit

Table 16.1 (cont.): Summary of geohydrological information sourced from g

eotechnical reports submitted to the CGS {cont.)

WL DEPTH DEPTH
FOLDER | REPORT DEFTH RANGE|PRESENCE OF DEPTH
LOCATION CONSULTANT NR.OF BH'S | DWAF INFO INFO - OTHER BELOW WL ELEV. | LEVEL OF RANGE OF CCOMPARTMENT,
NO. DATE SOURCES | SURFACEON | mamsl |GW INFO Rk # ROCK OTHER ROCK RANGE — !
BEDROCK TYPES OF BH'S AREA
Ptn 8 Hartbeesf = s
tn § Hartbeesfontein 174R  [Dolomit
s by TBCh::I: 0 Extensive syenite present in kocalized areas. Only 1
gy 24 2-36 Syenite Sye 0- 35 8427 |BH [out of 92} struck water. sterkfontein Upper
Dwyka tillite,
Holdgs 88 and 97, Bl '
I P AHlsg;en:; ., Bredell ::::: van der , Black Reef  [Tillite 12-15, Dolomite between Dwyka and Black Reef Quartzite,
13,2-18,5 B 20 Quartzite Qtze 5-30 26-30 |Wad and dalomite only encountered in two hales. Sterkfontein Upper
Rem Ptn 3 Hartbeesfontein 17
el e f S \Water tables in only 4 holes, 3 with syenite, Levels
29152 Jooaoe [pevelopment] . o irregular, probably perched WT's. Situated in East
D O esiom Sterkfontein Compartment, sterkfontein Upper
F2915  [09/2006 |17-IR Area2phase 3 45{2007)
a1 . - :
TS > 31 |Information from SP Kok (personal communication) |Sterkfontein Upper
F1550  |09/2007 |Ptn 1 Holdg 89, Bredell AH's  |Assoc. 3 45 C .22 Shale sh 2-24 30-45 Sterkfontein Upper
Waterrest levels recorded in 28% BH's but some
backfilled without measurement. Discussion of
probability of dewatering of compartments in
o lifmsfontlia, report. Refer to DWAF report GH3502 (P Hobbs and |Feuntains East,
: Syenite troornkloof West and Doornkioof Ea
. s and Doornkicof East west, Kaalspruit &
06/, 410JR and Sterkfontein 401, JR |RMS 169 1451-1490) B 2-47 (timited) Sye 4-37 10-52 [compartment) Sterkfontein
In Sterkfontein east compartment with boundaries
Rooihoogte Pretoria dyke , Pinedene dyke and Tweefontein
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The drilling density has increased markediy since the publications of the CGS documents in
2004 and 2007. At present a drilling density of 3 holes per hectare is a good average in the
different inherent hazard classes.

Up to about 2004 boreholes were drilled down to 30 m or 6 m into solid dolomite. At present
the guideline is to drill to 60 m if no dolomite bedrock is encountered. In such areas it is

recommended to drill a number of holes deeper to determine the depth of the dolomite
bedrock below surface.

Using all the available results but especially the percussion drilling results the area is divided
into different inherent hazard class zones (previously inherent risk classes). Depending on
the type of overburden material and the depth to dolomite bedrock a borehole (or a group of
boreholes) is assigned a hazard class. The main principle is that there is a higher hazard in
an area with poor (erodable) overburden on deeper dolomite bedrock for the formation of
larger sinkholes. Poor material on more shallow dolomite will indicate a high hazard for a
small or medium sized sinkhole. A thick protective non-dolomitic layer may change the
hazard rating to low while a cover or good overburden material on dolomite will indicate
medium hazard conditions.

The inherent hazard classes are shown in Table 16.2 below (adapted from CGS/SAIEG,
2003 — Revised modified hazard (risk) classification (after Buttrick et al, 2001).

Table 16.2: Hazard classes used during the assessment of dolomitic terrain for
development

inherent hazard Small Medium Large Very _a_mx of
class sinkhole sinkhole sinkhole ._m_.mo subsidence
sinkhole formation
Sinkhole diameter <Z2m 2-5m 5-15m >15m
Class 1 Low Low Low Low Low # NDS or DS
Class 2 Medium Low Low Low Medium # NDS
Class 3 Medium Medium Low Low Medium # NDS
Class 4 Medium Medium Medium Low Medium # NDS
Class 5 High Medium Low Low High # NDS
Class 8 High High Medium Low High # NDS
Class 7 High High High Medium High # NDS
. . . . Low-High #ND3S
Class 8 High High High High or DS
16.4 Influence of groundwater

As is evident from Table 16.1 the groundwater level in dolomite is a very important factor in
dolomitic stability. The depth to the static groundwater level is important mainly due to the
following two most important factors:

. It determines the level of erosion during a leakage e.g. the hazard of any instability in
an area with a high water table will be a medium to low if the material above the
water table has a low mobilization potential. The material below the water table can
be highly erodable but if there is a very low probability that the regional water level
will drop, it does not affect the hazard class. If there is a high probability the hazard
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rating changes from low to high as the deeper poor materials below the present water
level will then be exposed to erosion.

. Dewatering of an area with low density dolomite residuum can results in subsidences
at ground level because of the consolidation of the low density materials.

Water levels in dolomite and the likelihood of dewatering (and rewatering) are therefore very
important during the drilling and the evaluation of dolomite stability conditions.

16.5 Present studies of groundwater information in dolomite stability reports

As mentioned and explained above the measurement of groundwater levels in boreholes
and a study of regional groundwater levels should be very important in any dolomite stability
report. Unfortunately this was found not to be the case during a study of a large selection of
geotechnical reports within Groundwater Region 10. Groundwater level depths were maostly
measured in each borehole but very few profiles or tables provided borehole collar
elevations. Only information that allowed evaluation and a discussion of the effects of
drawdown in a specific borehole or number of boreholes were therefore given and not
information to allow comparison of water levels and the changes in levels over larger areas
and in different groundwater compartments.

16.6 Future studies of groundwater monitoring

Fortunately, the study of groundwater information in dolomite stability reports coincided with
the revision of the draft SANS 1936 series of documents on Development of Dolomite Land.
A number of requirements could therefore be added to the documents which should form
part of a dolomite stability report. The following is presently included in SANS 1936-2: 2011
under section 4.2.5 and 4.2.6.1. SANS 1936 is still in draft format and not yet officially
approved.

“4.2.5 Gathering of geohydrological data
4.2.5.1 Geohydrological data should be obtained from a relevant authority or

reputable source in the industry. Wherever practically feasible, the following
data should be obtained and recorded:

a) the presence of groundwater compartments in the region and the
name of the compartments;

b) the National Quatemary catchment number in which the site is
located;

c) original groundwater leve! (OWL) in metres above mean sea level;

d) coordinates, collar elevation, groundwater level, pumping equipment

installed in the borehole and water use for all existing boreholes on or
in close proximity to the property being investigated;

e) the presence of any large scale groundwater abstraction or de-
watering activities in the vicinity of the property being investigated, e.g.
center pivot irrigation, large scale groundwater abstraction for mining,
municipal, domestic or irrigation use, etc. as these could impact on or
influence groundwater levels;

f} any planned future water abstraction activities in the area;
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9)

h)

the presence of any regular groundwater-related monitoring activities
(e.g. water levels, pumping records) and the custodian of such data;
location and yield of springs on or in close proximity to the property
being investigated and the likely reason for their existence; and
location of pans, state of pans, variation in water level and the likely
reason for the existence of the pans;

4.2.5.2 Where groundwater is encountered in a new borehole, the following shall be
recorded:

a)

b)

borehole coordinates stating how these were determined (survey,
handheld GPS, interpolated from maps or plans, etc.)

borehole collar elevation {metres above mean sea level) and a note
on how the elevation was determined, e.g. survey, handheld GPS
reading or interpolated from contour plan).

depth drilled (metres below collar elevation);

depths at which groundwater strikes were encountered and an
estimate of yields at each water strike e.g. weak; medium or strong;
NOTE: On completion of drilling, a total blow yield may be estimated
and recorded.

static groundwater level measured at least 24 h after completion of
drilling as a depth below collar; and

date of each observation

NOTE: if the borehole is found to be dry, it should be reported as
“borehole dry”. If the borehole has (partially) collapsed during this
period, it should also be recorded and to what depth.

4.2.6 Report

4.2.6.1 the investigator shall document and report all findings and determinations in a
written report that:

a)

b)

f)

g}

h)

provides a description of the site and defines its extent ang
boundaries;

describes the investigation carried out and presents the results thereof
in detail;

establishes the geotechnical model for the site;

establish the nature, fluctuations and compartmentalization of
groundwater, and original groundwater levels from geohydrological
data;

assesses the effect of changes to the groundwater level;

determines the inherent hazard class of the site or of the various
portions thereof:

determines the dolomite area designation and appropriateness of
proposed land usage in accordance with the requirements of SANS
1936-1;

provides the information needed for identification of the precautionary
measures required in accordance with SANS 1936:3, and the risk
management strategies required in accordance with SANS 1936:4:;
and
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identifies any outstanding information to be determined or
confirmatory investigation to be undertaken during the design-level
investigation, particularly in respect of verifying or refining the inherent
hazard class of the site or parts thereof.

4.2.6.2 Drawings shall be to a suitable scale, legible and easily reviewed. All

drawings shall be fully annotated and show a coordinate grid. The
coordinate system used (e.g. Cape, WGS84, local etc.) shall be stated

on the drawing. . .
NOTE: The preferred coordinate system for new projects is the

WGS84 coordinate system.

4.2.6.3 Borehole coordinates and collar elevations shall be shown on the

borehole logs and shall be listed in the drawings."
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northeast of Lichtenburg and to the east of Mafikeng, several small and thin elongated deposits
of unconsolidated sands cover dolomitic areas throughout the region.

Table 3.1: Simplified lithostratigraphic column representing Groundwater Region 10 and surrounding

geological conditions

Thick-
Super- . .
Age (Ma) ness Group Formation Lithology
group
(m)
~25to 0 Recent Unconsolidated material
~180 Dolerite/diabase dykes and sills
~320 to ~250 Karoo Ecca Vryheid wjm_m. m.:a sandstone
Dwyka Biamictite and shale
~1200 Syenite dykes and sills
~2000 Diabase dykes and sills
200 Rayton Mudrock, sandstone
150-430 Magaliesberg Sandstone, mudrock lenses
~500-1300 Silverton Shaie
~65-120 Daspoort Sandstone, mudrock
~50-120 Strubenkop Mudrock, subordinate sandstone
Pretoria
~15-70 Dwaalheuwel Sandstone, conglomerate
~2224 ~190-890 Hekpoort Basaltic andesite
~35-70 Boshoek Sandstone, conglomerate
~450-1500 Timeball Hill Mudrock, quartzite,
Transvaal _
~2720 to ~2050 10-150 Roolhcogte Dcmn.N_ﬁm. mudrock, Bevets conglomerate/
breccia Member
Duitschland Omaoamgcm mudrocks, limestone and
dolomite
~2500 Penge Banded iron stone
~400 Chunies- Frisco Chert-free dolomite
~600 poort - g | Eccles Dolomite and chert
2640-2500 100-200 m m Lyttleton Chert-poor dolomite
300-500 @ 2 | Monte Christo | Chert-rich dolomite
= ® [Gaktree Chert-free dolomite
25-30 Black Reef Quartzite, conglomerate and shale
is-
M_ﬂ”_w.w Four formations Sandstone, conglomerate, shale and lava
Wolkberg Eight formations Sandstone, conglomerate, basalt and
mudrock
Ventors. Platberg Four formations Mum__m__mzm m“:a:m:ma_om_ sediments to mafic and
~2770 t0 ~2650 — S oranks
dorp Klipriviers ) )
berg 8ix formations Lava and conglomerate
C i i i . !
f entral NGNS T Predominantly quartzites and conglomerates
~3000 to ~2800 Witwaters- | Rand subgroups
rand West Sixteen formations in Primarlly quarizites and shales
Rand three subgroups va
~3200 Halfway Granite
House
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Structural geology
Dykes, sills and lineaments

sed on ground magnetic surveys done in the 1930s three different dyke m<m63m in southern
auteng have been described by Gelletich (1937). Aided by mmq.oa.m@:mzo data, Umx.zmmov
entified different dyke trends and recognised four dyke groups: (i} Pilansberg dykes, A_._v .mmmﬁ-
and dykes, (iii) East-west dykes and a fourth group termed “Other dykes”. Characteristics of

e different groups are:
Pilansberg dykes: Age: ~1310 Ma, strike ~ N-S, produce negative magnetic

anomalies. N
East-Rand dykes: Age: ~ 1120 Ma, Strike mainly NNW, produce positive

magnetic anomalies.

East-west dykes: Age: post-Karoo, strike direction E-W or ENE, produce
positive magnetic anomalies.

“Other dykes”: Age: unknown, strike direction varies, but ENE is common,
produces both positive and negative magnetic anomalies.

Because of their prominent magnetic signatures, magnetic surveys, both airborne and ground
based, are extensively used to delineate these dyke intrusions. Two examples of aerial
magnetic surveys presented by Holland (2009) are shown in Figures 3.2 and 3.3.

Two prominent near vertical dolerite dyke swarms associated with the Pilanesberg Complex
intruded into the Malmani Group rocks. The Pilanesberg dyke swarm has been dated at about
1310160 Ma while the East Rand dyke swarm is slightly younger at 1120145 Ma. A third group
of dykes occupying an almost east-west direction are of post-Karoo age (~182 Ma). Within
Region 10 the more prominent dykes are often referred to under specific names, for example
the Pretoria, Irene, Olifantsfontein and Sterkfontein dyes. These dykes are believed to be
vertical or near vertical mafic intrusions. As these dykes are generally considered to be mostly
impermeable or having a low permeability, act as barriers to groundwater flow within
Groundwater Region 10. As a result Region 10 can be subdivided into numerous groundwater
compartments. For reference purposes each of the compartments has been given a name and
in this report the subdivision and names given by Holland (2009) will be used. Close to surface
these dykes usually weathered and allow groundwater flow across dykes does occur, while at
depth the dykes are considered to be essentially impermeable. Bredenkamp (2002) is of the
opinion that fracturing at depth due to tectonic activity does occur thereby allowing some trans-
compartmental flow, and not necessarily creating a no flow boundary.

Numerous syenite sills and dykes, associated with the Pilansberg alkali volcanic event, are

present in the lower formations of the Malmani Subgroup south of Pretoria. The most extensive
syenite dyke, referred to as the Pretoria dyke, extends from Pretoria to Tembisa in the south.

15




Kuhn, C.M. (1986). Gechydrological investigation of the western and central Steenkoppies
compartment. Technical Report Gh3446. Directorate Geohydrology. Department of
Water Affairs and Forestry, Pretoria.

Kuhn, C. (1989). Hydrogeology of the Midrand-Kempton Park Dolomite. Tech. rep. no.
GH3501. Directorate Geohydroiogy. Department of Water Affairs and Forestry.
Pretoria.

Leskiewicz, A.F. (1986). Exploitable Potential of Ground Water Resources in Storage in the
Dolomite of the Bapsfontein, Delmas and Springs Area for Emergency Supplies.
Tech. rep. no. GH3463. Directorate Geohydrology. Department of Water Affairs and
Forestry. Pretoria.

Leskiewics, A.F. (1989).  Preliminary geohydrological survey resuits of dolomitic
compartment Mooirivier. Technical Report GH 3639, Directorate Geohydrology,
Department of Water Affairs, Pretoria.

Love D, Hallbauer D, Amos A, Hranova R. (2004). Factor analysis as a tool in groundwater
quality management. two southern Africa case studies. Phys Chem Earth, 29,
pp1135-1143.

Marker, M.E. and Moon, B.P. (1969). Cave levels and erosion surfaces in the Transvaal,
South Africa. S. Afr. Geogr. J., 51, 106-113.

Martini, J.E.J. and Kavalieris, |. (1976). The Karst of the Transvaal (South Africa). Int. J.
Speleol., 8, 229-251.

Martini, J E J and Horn, G. F. J. (1996). The Delmas silica deposit, Transvaal - a mega-
sinkhole filled with beach sand during the Pretoria Group transgression. S. Afr. J., 99,
69-76.

Moon, B.P. (1972). Factors controlling the development of caves in the Sterkfontein area. S.
Afr. Geogr. J., 54, 145-151.

MRCC, (2007). Summary of submissions and requests by concerned institutions of civil
society and directly affected stake holders in Magaliesberg and Orient to the
Department of Water Affairs and Forestry and the Department of Environmental
Affairs and Tourism pertaining to the Magalies River/Maloney’'s Eye/Steenkoppies
Compartment water resource. Unpublished submission by the Magalies River Crisis
Committee (MRCC).

Obbes, A.M. (2001). The structure, stratigraphy and sedimentology of the Black Reef-
Malmani-Rooihoogte succession of the Transvaal Supergroup southwest of Pretoria.

Bulletin 127, Council for Geosciences, South Africa.

282

Palmer, J.E. (1978). A geophysical study of the Grootfontein dolomitic groundwater
compartment in the Rooigrond area. Unpublished Report Gh2541 (1979-0021),
Geological Survey of SA, Department of Mineral Affairs, Pretoria.

Pannatier, E.G., Broers, H.P., Venema, P. and Van Beusekom, G. (2000). A new process-
based hydro-geochemical classification of groundwater. Netherlands institute for
applied science.

Partridge, T.C. and Maud R.R (1987). Geomorphic evolution of southern Africa since the
Mesozoic. South African Journal of Geology, 90(2), 179-208.

Partridge, Maud and Associates (1990). Report on assessments and augmentation of the
groundwater supplies to Itsoseng, Ditsibotla District, 1990. Report of study
undertaken for Bohphuthatswana Department of Water Affairs.

Polivka, J. (1987a). Geohydrological Investigations of the Groot Marico Compartment in the
Dolomite Area North-East of Lichtenburg. Technical Report GH 3590, Department of
Water Affairs and Forestry, Pretoria.

Polivka, J. (1987b). An Investigation of the Ventersdorp and Grootpan Compartment in the
Western Transvaal. Technical Report GH 3524, Department of Water Affairs and
Forestry, Pretoria.

Roberts, C. P. R. (1988). An overview of the proposed emergency ground water supply
project in the Pretoria-Witwatersrand-Vereeniging (PWV) area. Workshop on
Dolomitic Ground Water of the PWV Area. Ground Water Division, Geol. Soc. South
Africa, Pretoria, 28 March 1988.

SACS (South African Committee for Stratigraphy) (1980). Stratigraphy of South Africa. Part
1 (Compiler L.E. Kent). Lithostratigraphy of the Republic of South Africa, South West
Africa / Namibia, and the Republics of Bophuthatswana, Transkei and Venda:
Handbook of the Geological Survey of South Africa, 8, 690pp.

SANS (2005). South African National Standard (241:2005) Drinking Water (Edition. 6). South
Africa, Pretoria.

SANS (2011). South African National Standard (241-1:2011) Drinking Water Part 1:
Microbiological, physical, aesthetic and chemical determinands. (Edition. 1). South
Africa, Pretoria.

SANS (2011). South African National Standard (241-2:2011) Drinking Water Part 2:
Application of SANS 241-1. (Edition. 1). South Africa, Pretoria.

SANS (South African National Standard). SANS 1936-2: 2011. Development on dolomitic
land. South African Bureau of Standards, Pretoria.

283




Seward, P., Xu. Y., and Brendonck L. {(2006). Sustainable groundwater use, the capture
principle, and adaptive management. Water SA, 32, (4), pp 473-482.

Schoeman and Partners (2003). Schoonspruit Dolomitic Compartment: Groundwater
Resource Assessment — Uses & Users. The Department of Water Affairs and
Forestry, Sub directorate Geohydrology, Bloemfontein

Schulze, R E (1997). South African Alas of Agrohydrology and — Climatology. Water
Research Commission Report TT82/96, Pretoria.

South African Committee for Stratigraphy (SACS) (1980). Stratigraphy of South Africa.
Part | (comp. Kent, L.E.). Lithostratigraphy of the Republic of South Africa, South
Woest Africa/Namibia, and the Republics of Bophuthatswana, Transkei and Venda:
Handb. Geol. Surv. S Afr., 8, 690pp. Council for Geoscience, Pretoria.

Stephens, Anthea and D B Bredenkamp (2002). Institutional Arrangements for Groundwater
Management in Dolomitic Terrains: Situational analysis. WRC Report KV 140/02.

Stephens, A., Newton, L, Mischker, C.A., Bredenkamp, D.B. and Reid, K.O. (2005).
Situational Analysis for the Preparation of Institutional Arrangements for Groundwater
Management in the NWDWA. Water Research Commission Report No. 1324/1/05.
81 pp., Pretoria.

Tarlton, (2007). Submission by the Tarlton Farmers to the Director-General, Department of
Water Affairs and Forestry regarding restrictions on the taking of water for all
purposes except those contained in schedule 1 to the National Water Act 1998, from
the Steenkoppies Dolomitic Compartment (Quaternary Drainage Regions).

Unpublished submission by water users in the Tarlton area.

Temperley, B.N. (1978). Groundwater in Pretoria and surrounding Areas. Vol. 2.
Directorate of Water Affairs. Department of Environment Affairs. Pretoria.

Truswell, J.F. (1977). The Geological Evolution of South Africa. Purnell & Sons, Cape Town.

Van Biljon, M. (2006). Geo-hydrogeological review of the potential impact on the Sterkfontein
dolomite during increased surface water run-off. Unpublished report by Rison
Groundwater Consulting, Krugersdorp

Van Rensburg, H.J. (1987a). 'n Ondersoek na die benutting van groundwater in the
Grootfonteinkompartement (Wes-Transvaal). Water Research Commission Report

No. 171/87, Pretoria.
Van Rensburg, H.J. (1987b). Die berekening van grondwateronttrekking aan die hand van
elektrisiteitsverbruiksyfers in die Grootfontein kompartement. Technical Report No.
GH 3549, Directorate Geohydrology, Department of Water Affairs and Forestry,
Pretoria.
284

Van Rensburg, H.J. (1992). Re-evaluation of the exploitation potential of the Grootfontein
Compartment (Western Transvaal). Technical Report No. GH 3788, Directorate
Geohydrology, Department of Water Affairs and Forestry, Pretoria.

Van Rensburg, H. J. (1995). Management of Southern African aquifers. Unpublished PhD
thesis, University of the Free State.

Vegter, J.R. (1986). Emergency Water Supplies from Dolomite Strata in the PWV area:
overview and status of investigations November 1983 — December 1985. Technical.

report GH3435. Directorate Geohydrology. Department of Water Affairs and
Forestry, Pretoria.

Vegter, J. R. (1995). An explanation of a set of National Ground Water Maps. Water
Research Commission, Report TT74/95, Pretoria.

Vegter, J. R. (2000). Groundwater development in South Africa and an introduction to the

hydrogeology of groundwater regions. Water Research Commission, Report
TT134/00, Pretoria. .

Venter, P.P. (1986). Geotechnical Engineering and Hydrogeological Problems Encountered
in the Welkom Goldfield in the 1950s, 773-778. In: Anhaeusser, C.R. and Maske, S
Eds., Mineral Deposits of Southern Africa, I. Geol. Soc. S. Afr., 1020pp.

Vipond, S.H. (1979). Increased groundwater abstraction at Grootfontein water supply to
Mafeking and Mmabatho. Unpublished Report Gh3091, Division Geohydrology
Department of Water Affairs, Pretoria

Waltham, T., Bell, F. G. and Culshaw, M. G. (2005). Sinkholes and Subsidence. Karst and
Cavernous Rocks in Engineering and Construction. Springer-Praxis Books, Springer
Verlag, Berlin.

Water Geosciences Consulting (WGC). (2007). Activity 21 Report: Desktop geohydrological
assessment of the Tarlton/Steenkoppies dolomite. Project Number. 14/14/5/2.
Implementation of Dolomite Guidelines, Pretoria.

Weaver, JM.C., Taima, AS. and Cavé, L.C. (1999). Geochemistry and isotopes for

Resource Evaluation in the Fractured Rock Aquifers of the Table Mountain Group.
Water Research Commission Report No 481/1/99, WRC, Pretoria.

Wiegmans, F.E. (1988). Geophysical exploration for groundwater. Workshop on Dolomitic
Ground Water of the PWV Area. Ground Water Division, Geol. Soc. South Africa
Pretoria, 28 March 1988.

Wilkins, C.B., Eriksson, P.G. and Van Schalkwyk, A. (1987). Two generations of karst fill
sedimentary rocks within Chuniespoort Group dolomites south of Pretoria. South
African Journal of. Geology. 90, 155-167.

285




Legend
Major Towns

® Spnngs

-~ Inferred Linear Anomahes
Inferred Magnetic Matenal
Major Rivers
Inland Water Body
Dalamiic Quicrop

AFROMAGNETIC DATAMAP

Oepantumt of Noicd Afas o Fandstry

woriooa] e 1 zmean|

Frgwaod

SCANCE Cavews e Grvas eea o B | Dai g
FrOACHTN Ged NGy 1wl

Figure 3.2: Aeromagnetic data showing the intrusive dyke pattern northeast of Brakpan, East
Rand that are used to delineate compartment boundaries (from Holand, 2009).
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Faults

a few major normal faults intersect the Chuniespoort Group strata. Michaluk and Moen
1) describe the presence of east-west trending faults prominent in the Black Reef
ation and the Chuniespoort Group to the east of Mafikeng. Parallel to these faults are sets
near structures recognizable on aerial photographs due to vegetation associated with these
ctures. These structures also manifest themselves as prominent magnetic lineaments on
rial magnetic surveys as they are often also associated with dyke intrusions. Some of the
re prominent faults are the WNW trending Rietfontein fault near Krugersdorp, and a NNW
fault extending from east of Carltonville to Pilansberg. Obbes (2001) has mapped
nany relatively short faults present mainly in the Black Reef, Oak Tree and Monte Christo
ormations which are radially arranged around the Johannesburg Dome between Pretoria and

rugersdorp.
3.3 Dip angle and strike directions

In the far western part of Region 10 close to the Botswana border, the Malmani strata thins
dramatically from about a 10 km and more wide outcrop area east of Mafikeng to only a few
hundred metres at the Botswana border. Here the strike direction is N-S with a dip of about 10-
20° to the east. The Malmani Subgroup is deposited onto the conglomerate, quartzite and
shale forming the Black Reef Formation which in turn rests on felsitic rocks of the Kanye
Formation. Further south and to the west of Lichtenburg the Malmani Subgroup rests on the
volcanic rocks of the Ventersdorp Supergroup. In some places the Black Reef Formation is also
present. From east of Lichtenburg the Black Reef Formation is present almost uninterrupted up
to Springs in the east. A low north directed dip angle of around 5° is indicated on the geological
maps for the Black Reef Formation. From the Botswana border to Delmas in the east, the
Malmani Subgroup is overlain by the various formations representing the lower section of the
Pretoria Group. For a distance of approximately 40 km to the south west the Botswana border,
the Frisco Formation is overlain by the Penge Formation, while further east the Rooihoogte
Formation rests unconformably on the Frisco Formation. The dip angle of the sedimentary
strata directly overlying the Malmani formations west of Krugersdorp is of the order of 10° and
directed towards the centre of the Transvaal depositional basin. Towards the east the dip
directions are controlled by the Johannesburg or Halfway House Dome and change from
northwesterly direction west of the Dome, to north and then northeast on the eastern side of the
Dome.

34 Geological Boundaries of Groundwater Region 10

Groundwater Region 10 is described by Vegter (2000) as “Chuniespoort dolomite and chert;
subordinate Black Reef quarizite, conglomerate and shale”. Between Ventersdorp and
Randfontein the Black Reef Formation is exposed along the axis of an anticlinal structure. To
the south of this anticline, dolomite of the Chuniespoort Group is present where it overlies
formations of the Witwatersrand Supergroup constituting the Far West Rand Goldfields. These
dolomites extend from Vereeniging in the southeast, through Soweto, Carltonville, and down to
Stilfontein in the southwest. Although the Black Reef Formation should form part of
Groundwater Region 10 according to the classification by Vegter (2000), he defined the
boundary between Groundwater Regions 10 and 17 to be the Black Reef Formation exposed at
the anticlinal structure. The reasoning behind this classification is not clear as according to his

description of the Karst Belt, the vast dolomitic areas to the south of the anticlinal structure
17




should strictly speaking also be part of Groundwater Region 10 and not Region 17 as shown on KARST DEVELOPMENT AND CAVES
the maps included in the original report (Vegter, 2000).

Karst terminology and karstification
Another discrepancy exists between the southeastern boundary of the digitally available outline

of Groundwater Region 10 and published 1:250 000 scale geological maps. Between
Bapsfontein and Delmas dolomite outcrops of which only a smali portion appears to be included
in Region 10. In the central area of the triangle formed by Springs, Delmas and Bapsfontein the
dolomite is according to Bredell (1978) directly overlain by up to 100 m Vryheid Formation
including a thin layer of Dwyka tillite. It could therefore be argued that the Region 10 could be
extended in an easterly direction. In this report the boundary of Region 10 was extended to
include the areas where dolomite outcrops around Springs and Delmas are present.

term karst is primarily associated with terrains underiain by limestone, or as is the case in
ion 10, dolomite and refers to a distinctive terrain and landforms that evolve through the
solution of the bedrock and where an efficient underground drainage system consisting of
sures enlarged by solution, conduits and caves develop with time (International Association of
drogeologists, Karst Commission, 1999). Waltham et al. (2005) define karst as a landscape
at is distinguished by its underground drainage, so that its landforms evolve in response to
infall and surface water flowing into the ground. By implication, river valleys cannot develop in
mature karst. The upper formation of the Malmani Subgroup is over large distances, and
specially the stretch between Pretoria and Mafeking, overlain by the Rooihoogte Formation of
he Pretoria Group. The Rooihoogte Formation unconformably overlies a deeply weathered
arstic palaeotopography of the Frisco Formation in this area. According to Eriksson et al.
(2006) a period of about 80 Ma at the end of Frisco Formation deposition was available for the
formation of this palaeo karstic topography. This period of weathering gave rise to the
composition of the Rooihoogte Formation which consists of a basal chert breccia often reworked
to form a chert conglomerate, also known as the Bevets Member or just the Bevet's
conglomerate. This conglomerate is best developed in the western part of Region 10 can reach
a thickness of 250 m (Eriksson et al, 2006).

Karstification is the result of a process of solution of carbonate rocks. Weakly acidic water
circulating through dolomitic rocks causes the solution of the carbonate minerals which are in
the case of Region 10, predominantly dolomite, a calcium/magnesium carbonate (MgCa
{(COs);). This results in the formation of cavities and caves through the chemical process

ON—SOAOO&N + NIwOOu — OmAIOOmvN + gOAIOvaN

Holland et al. (2010) state that the dissolution process during karstification has been more
active in the chert-rich dolomite, thereby implying that karstification is best developed in the
Eccles and Monte Christo Formations.

4.2 Geomorphology

) Martini and Kavalieris (1976) identified four types of karst morphology present on the dolomites
in the region which are schematically illustrated in Figure 4.1:

o Plateau type that is present between Krugersdorp and the Botswana, and as the name
indicates, forms a flat plateau region marking the approximate position of the watershed
between the Primary Drainage Regions of the Limpopo and Orange Rivers. The
“plateau” nature is also well illustrated in the map showing the topography in the region
(Figure 4.1). According to Marker and Moon (1969) this surface corresponds to the
African Erosion Surface of King (1963). Large scale karst morphology is developed on
this plateau area with few surface water streams. This agrees with the observation by
Waltham et al. (2005) that the hydrology of karst areas is normally all underground.
Despite of the lack of any significant relief, Martini and Kavalieris (1976) are of the
opinion that this plateau area has not reached the “mature stage” of karstification
(Figure 4.1} of their model.
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e Escarpment type is characterized by a rugged topography. In Region 10 this type can
be seen between Pretoria and Krugersdorp and well illustrated in the Skurweberg area
(see also the topography map, Figure 2.1).

e Bushveld type. This type occurs between Thabazimbi and the Botswana border, to the
north of Region 10, and where the Chuniespoort Group forms the northern edge of the
Transvaal basin.

e Vaal River type. This type is occurs, as the name indicates, mainly in the Vaal River
basin, to the south of Region 10.

According to Martini and Kavalieris (1976) the Chuniespoort Group was subjected to four
periods of karstification since the end of its formation around 2 400 Ma ago. These were:

s Pre-Pretoria Group period (>2 350 Ma)

e Pre-Waterberg Group period (>1 950 Ma)

e Pre-Karoo Supergroup (>320 Ma), and

¢ Tertiary to Recent (>65 Ma).

Figure 4.1: Morphological types identified by Martini and Kavalieris. |: Mature type,; |I: Plateau type;
Ill: Escarpment type, and IV: Bushveld type. {(From Martini and Kavalieris, 1976).

To illustrate the earliest karstification process the authors refer to the presence of palaeo-
sinkholes filed with siliceous material, collapsed cave chambers and breccias bodies
occasionally mineralized with fluorspar, lead and zinc. Such features are particularly prevalent
south of Zeerust in the far west of Region 10. A unique example of such a deposit into a
palaeo-sinkhole is provided by the Delmas silica deposit where silica is mined commercially.
Martini and Horn (1996) proposed that this large pure quartzite deposit is the result of infilling of
a mega sinkhole during a marine transgression that occurred during the sedimentation of basal
Pretoria Group formations. This proposed origin of the Delmas silica deposit suggests that
karstification and sinkhole formation probably was already active during early Pretoria times, i.e.
around 2 350 Ma ago

Large areas of Region 10 are covered by red silty soils and other residual solution debris, such

as chert remnants, of variable thickness giving rise to valuable agricultural soils. These are the
result of weathering and dissolution of dolomitic material of older karst regoliths.

20

ecially the eastern parts of Region 10 large areas are also covered by younger
ations, for example sediments of the Pretoria Group and the Karoo Supergroup. These
often deposited in depressions and palaeo-sinkholes.

ing dissolution of the carbonate rocks, the residual consisting of silica, iron and manganese
es, left behind form a compressible, low density and high void volume material  often
rred to as “‘wad”. Geological structures such as faults, joints and other lineaments, are
ferential zones of weathering and could form drainage patterns filled with debris. Where the
sidual matrix consists of a high percentage of coarse chert, this often results in relatively
allow highly permeable chert gravel deposits that can sustain high-yielding boreholes
redenkamp et al, 1986).

3 Sinkholes and Subsidences

gpressions present on a karst landform are referred to as sinkholes or dolines. Lately, South
frican engineering geologists prefer the use of the term subsidence instead of doline (CGS,
2003). in terminology widely used in South Africa, a sinkhole is a subsidence which appears
suddenly, and sometimes with catastrophic consequences, as a cylindrical and steep-sided hole
in the ground. Itis usually but not always, circular in plan, and can be more than 100 m across
and 50 m deep (Brink, 1979). The formation of sinkholes is a natural process, and it forms either
by solution of surface carbonate such as dolomite, or by the collapse of underground caves
(Johnson and Joubert, 2004). The mechanism of sinkhole formation is described in a CGS
publication to be as follows (CGS, 2003):

e Cavities exist within bedrock or overburden which may be in a state of equilibrium.

e Active subsurface erosion caused by concentrated ingress of water will result in
transportation of materials downwards into the nearest cavity or receptacle.

e Headward erosion leads to successive arch collapse.

e A triggering mechanism leads to the breaching of the last arch.

A doline, or compaction subsidence, is an enclosed surface depression which forms a result of
the compression at depth of low-density dolomite residuum (CGS, 2003). According to this
source two main types can be identified based on the mechanism of formation, namely
dewatering type and surface saturation type. In the case of the dewatering type, the rapid
lowering of the groundwater level with the exposure of previously submerged and
unconsolidated debris and leads to rapid surface settlement. Such subsidence features may be
circular, oval or linear in plan. The periphery of a subsidence feature is characterized by tension
cracks within a zone of shear (Brink, 1879).

The Council for Geoscience evaluate all proposed new developments on dolomitic areas and as
such regulate the safe development on such areas. As part of this function they have over the
years compiled an extensive database of known sinkhole and subsidence occurrences across
Groundwater Region 10 and have made this information available to this project. The positions
of all known sinkhole and subsidence occurrences within Groundwater Region 10 are shown in
Figure 4.2.
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4.4 Caves

r - .
Martini and Kavalieris (1976) describe three types of caves found in the karst regions of the SPOCALYPSE PoTHOLE

northern part of South Africa. They termed these as:

¢ Fissure caves. This is the most common type in Region 10 and the development is
controlled by jointing and strongly influenced by groundwater.

« Simple pattern caves. These medium to large caves usually only have a few passages
and are not as common as the fissure type caves.

s Collapse caves. These are large caves with irregular shape and were mostly formed
due to roof coliapse which is made possible as a result of the high density of joints
present in the dolomitic rocks. Roof collapse could have occurred below the ground
water level or also as a result of gradual lowering of the groundwater level due to
climatic conditions or large scale groundwater abstraction.

Martini and Kavalieris (1978) identified the location of 12 caves of different size with Region 10.
Most of these are concentrated in the doiomite formations present around the Johannesburg
Dome. The best known are the Sterkfontein Caves and Wonder Cave within the Cradle of
Humankind World Heritage Site near Krugersdorp (SA Karst Working Group, 2010).

Figure 4.2(b): Strike direction of fissures in one of the largest known caves to the southwest of
Johannesburg (after Kavalieris and Martini, 1976).

The directions along which cave passages have developed for the area west of Johannesburg NS e

were studied by Kavalieris and Martini (1976) and Moon (1972). They concluded from their e O e e R
cave surveys that the most passages had an east-west orientation with another secondary uﬂ#lmnmnlrclnnﬂww = e
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direction being almost perpendicular to it (Figure 4.2). Kavalieris and Martini (1976) relate this
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Figure 4.2(a): Strike directions of cave passages in caves to the southwest of Johannesburg and near
Zeerust in the Northwest Province (after Kavalieris and Martini, 1976). majer Gints gty

Figure 4.3: Conceptual model of dissolution and weathering patterns alang joints in chert-rich and chert-
poor formations of the Malmani Group (after Foster, 1988).
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Figure 4.4: Sinkhole and subsidence occurrences across Groundwater Region 10 (Data provided with courtesy of the Council for Geoscience, Pretoria).
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BRIEF REFERENCE TO PREVIOUS GROUNDWATER INVESTIGATIONS AND
REPORTS

Geohydrological investigations initiated by the Department of Water Affairs

m references cited in the final report of an interdepartmental committee regarding dolomitic
e water of the Far West Rand published in 1960 (Department of Water Affairs, 1960), it is
arent that the groundwater potential of the dolomitic formations of the larger area around
annesburg has received significant attention since the late 1800s. The initial interest was
ected at water supply for the fast developing mining and related activities, but in later years

focus shifted towards the especially safety related problems resulting from the presence of
rge amounts of groundwater associated with the dolomitic rocks overlying the gold mining
reas (Venter, 1986). The initial ideas for utilizing the large volumes of groundwater stored in
olomitic compartments in the West Rand, came from investigations described in a paper by
nslin and Kriel (1968). This led to extensive geohydrological studies in especially the West
and starting during the period 1950 to 1980.

The next major research drive to obtain a better understanding of the geohydrology of the
dotlomitic rocks of the so-called PWV area (Pretoria-Witwatersrand-Vereeniging), started in the
early 1980s. The annual inflow into the Vaal Dam, the major storage facility for the Rand Water
Board, the water utility company responsible for water supply to the larger area around
Johannesburg and Pretoria, remained consistently below average from 1977 for a period of 11
years (Roberts, 1988). This was the severest drought the area experienced in 64 years of flow
observations. This drought resulted in the development of emergency water supply initiatives,
one of which was obtaining an additional water supply from the dolomitic ground water
resource.

Intensive geohydrological, geophysical and engineering geological investigations were started in
1983 in the area around Delmas, Springs, Pretoria, Tariton and Vereeniging. In the following 5-
10 years this area was intensely investigated by the Department assisted by several consulting
firms in an attempt to firstly, better understand the geological and hydrogeological conditions
and controls on groundwater occurrence, secondly, to assess the volume of groundwater held in
the dolomitic strata and to establish the assured yield of this water resource based on recharge
determinations, thirdly to delineate target areas to developing high yielding boreholes, and
finally, assess the consequences as a result of high abstraction volumes on the development of
subsidence and sinkholes and other possible associated engineering geological aspects.

A large collection of technical reports emerged from these studies, long term groundwater
monitoring programmes were developed, many new research initiatives were identified,
researched and addressed in later years, some of which are still continuing. Lately, and
perhaps in part due to the implementation of the new South African legal conditions, for
example the new Water Act (Act 36 of 1998) and the National Environmental Management Act
(Act 107 of 1998), the emphasis has shifted towards the management of the groundwater
resources of the dolomitic formations and environmental aspects, such as groundwater-
dependent ecosystems and groundwater reserve determinations.

The reference list to this report contains references to several of these reports from an
extensive collection of technical reports, publications and other relevant material resulting from
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the investigations of the dolomitic ground water resources in and adjacent to Groundwater

Region 10 since about 1970. ctivity 20:  Desktop study of future research priorities for the North West dofomites

Deliverable: Refined and prioritized list of technical and management
recommendations arising from Activity 5 in collaboration with F Wiegmans and
D Bredenkamp.

Activity 21:  Implementation of generic dolomite guidelines

Deliverable: Report that recommends management activities and actions,
particularly as they apply to two study areas (Tshwane and Sudwala/Pilgrim's
Rest). To include technical and policy background material to ground water
management in South Africa, and a summary of current management issues.
Activity 25: Geohydrological assessment of the Steenkoppies dolomite compartment.
Deliverable: Technical assessment of groundwater conditions in the
Steenkoppies compartment near Tarlton, with particular reference to the low
flows at Maloney's Eye spring and associated disputes. Includes analysis of
rainfall in the area and correlation of rainfall with spring flows, a review of
previous work, and recommendations for management interventions.

5.2 Brief outline of Department of Water Affairs and Forestry Dolomite Project

The Department of Water Affairs contracted Water Geoscience Consultants of Pretoria in 2008
to prepare a comprehensive set of reports on carbonate rock aquifers across South Africa. in
short the project is referred to as the “DWA Dolomite Project”. This project was structured along
28 different “Technical Activities” each addressing specific aspects of the geochydrology,
management of groundwater within these aquifers, development of land underiain by the rock
formations, data collection, development of guidelines, and future research priorities. Some of
the tasks of this project can almost be described as a duplication of the tasks envisaged by the
WRC for the Region 10 report and thereby being very relevant to Groundwater Region 10, are
briefly described below.

Activity 5: Northwest Dolomites — Coordination and integration of projects
Deliverable: Report that summarizes and evaluates past groundwater related
studies on the dolomite rocks in the Zeerust-Lichtenburg-Mafeking area.

o Activity 6 Desktop geohydrological assessment of the Delmas/Bapsfontein dolomite
area.
Deliverable: Report which describes geology, hydrogeology, ground water
levels and trends, groundwater quality and evaluates current water use from
the dolomites rocks east and northeast of Johannesburg (including the
Rietviei, Elandsfontein, Witkoppies, Bapsfontein-Delmas.

e Activity 7 Ground stability in dolomitic areas — Tshwane
Deliverable: Compilation of an inherent ground stability risk classification for
the Centurion CBD area.

e Activity 13;: Desktop geohydrological assessment of the Tarlton dolomites.
Deliverable: Report describing geology, hydrogeology, ground water levels
and trends, ground water quality, and evaluating current ground water use in
the Zwartkrantz and Steenkoppies compartments respectively to the east and
west of Tarlton. Discuss issues around acid mine drainage and proposes
management recommendations.

e Activity 14: Desktop geohydrological assessment of the Tshwane dolomites.
Deliverable: Report describing geology, hydrogeology, ground water levels
and trends, ground water quality, and evaluating current ground water use in
the Aalwynskop, Erasmia, East and West Fountains, and East and West
Doornkloof compartments to the south of Pretoria. Discussion of management
issues such as pollution, data collection, and protection zoning.

e Activity 19: Dolomite compartment maps

Deliverable:  Preparation of a series of A0 size maps summarizing

groundwater conditions and management units in the Tshwane, Natalspruit,

Tarlton, North West and Ghaap Plateau dolomite areas aimed at planners and

managers at various levels.

Comparing the items described above with the original requirements as formulated by the WRC
for Ground water Region 10 (see introduction to this report), it is clear that there is considerable
duplication of tasks in the two projects. Suggestions as to the incorporation of some of the
Dolomite Project reports to be included in the WRC report, are addressed later in this report.
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6 SUBDIVISION OF GROUNDWATER REGION 10
6.1 Boundaries of Groundwater Region 10

in the original description of the different groundwater regions by Vegter (2000), Groundwater
Region 10 is described by Vegter (2000) to comprise of the “Chuniespoort dolomite and chert;
subordinate Black Reef quartzite, conglomerate and shale”. Between Ventersdorp and
Randfontein the Black Reef Formation is exposed along the axis of an anticlinal structure. To
the south of this anticline, the Chuniespoort Group is present over a very large area where it
overlies formations of the Witwatersrand Supergroup constituting the Far West Rand Goldfields.
Although the Black Reef Formation forms part of Groundwater Region 10 according to the
classification by Vegter (2000), he defined the boundary between Groundwater Regions 10 and
17 to be the Black Reef Formation exposed by the anticlinal structure. This aspect was
discussed with Mr Vegter and he confirmed that it was his intention to separate the two
dolomitic areas to form Regions 10 and 17 with the Black Reef Formation,

Another discrepancy between the southeastern boundary of the digitally available outline of
Groundwater Region 10 obtained from DWAF and those shown on the maps in the report by
Vegter (2000), was described in the previous progress report. The published 1:250 000
geological map 2628 East Rand (CGS, 1978} indicates large dolomite outcrop areas roughly
within the triangle formed by Bapsfontein, Delmas and Springs. However, only a small portion
of the area shown as a dolomite outcrop area on the geological map has been included within
the original digital outline area of Region 10 as supplied by DWAF. During follow-up
discussions with Mr Vegter it became apparent that the exclusion of this roughly triangular
region was not intentionally, and that this must be an error introduced during the digitizing of his
original maps. He was not aware of this error on the printed and digital versions of the Region
10 outlines. This error also affects the outline of adjoining Regions. Mr Vegter agreed that this
should be changed and with his input the outline was changed to that shown in Figure 3.1 as
well as on all other maps included in this report where the outline of Region 10 is shown.

6.2 Compartments

The package of Chuniespoort Group formations has been subdivided into ‘compartments” by
dyke intrusions of different strike directions and ages. That these dyke intrusions to a large
extent control groundwater movement was already realized at an early stage of the groundwater
investigations in the gold mining areas of the West Rand. In 1986 Vegter prepared a map of the
Pretoria-Witwatersrand-Vereeniging area on which the compartments in the Delmas-Pretoria-
Tarlton were delineated. Essentially all geohydrological studies of the Malmani Subgroup
during the last approximately 40 years were based on the compartementalisation of the area.
Holland (2009) prepared a comprehensive map of the dolomitic groundwater resources of the
Gauteng and Northwest Provinces in which divided the Groundwater Region 10 into 25
compartments and allocated a name to each of these compartments (Figure 6.1). Some of
these compartments are subdivided into smaller units where the boundaries to these
subdivisions are also based on dyke intrusions. Groundwater conditions within each of these
compartments are considered to ebb fairly uniform, with low groundwater gradients, but at
compartment boundaries, significant differences in water level can be present. Based on the
water level differences observed across compartment or dyke boundaries, the dykes are
considered to be impermeable, at least at deeper levels, while some flow across the boundaries
may occur within the upper weathered section of the dyke. Along the downstream compartment
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nagement Areas (or Dolomitic compartments)

ble 6.1: Groundwater Ma

Quaternary | Area . Quaternary | Area
sition Name catchment | (km? | Position hELL catchment | (km?
Dinokana A31D Tweefontein A21G 162
Zeerust A31C 699 Hennops A21H 190
Molopof Aalwynskop AZ1B-A 165
Grootfontein A31D i Fountains West | A21B-F 141
Marico D41A 535 Fountaing East AZ21D 74
Iscteng C31D 95 Rietviei AZ21A-R 73
Dudfield C31B 105 Kaalspruit A21B-K 117
Lichtenburg A31A 781 East Sterkfontein AZ1A-S 219
Elandsfontein/
Holpan C24F 516 Bapsfontein A21A-B 209
Schoonspruit C24C 1320 . .
Mooirivier Co3F 827 Rietfontein B20B 185
Holfontein C23E-H 74 East Rand Basin c21 936
Steenkoppies AZ1F 313 Delmas B20A 424
Central |5 artkrans A21D 292

The presence of subvertical dolerite and diabase dykes intruded into the dolomitic strata is of
great importance in all descriptions of the hydrogeology of the dolomitic aquifers between the
Botswana border in the west and Delmas in the east. . These intrusions occurred along the two _

main directions, NNW and approximately east-west and are regarded as being mostly
impermeable and therefore form barriers to lateral groundwater movement. As such they k
subdivide the dolomite in what is generally described as ‘compartments”. The boundaries to
these compartments have mostly been defined geophysically and each of these major
compartments has been named after the area in which it located (Table 6.1).
Dolomite Project of DWAF, the entire area in which dolomitic aquifers are present in the North
West and Gauteng provinces, has again been subdivided into compartments by using
aeromagnetic maps of the whole region. It is believed that the compilers of the maps on which
the boundaries to these compartments have been allocated, have taken into account older
reports and investigations where boundaries and names for the different compartments have
been allocated and that the new maps are to be taken as final and representative of the current
status of these compartment boundaries. Therefore the compartment boundaries and names
shown in the Dolomite Project reports and reflected in Table 6.1 are taken to be those that will

be used from now on to eliminate future confusion with these aspects.

6.3 Groundwater management in karst aquifers

6.3.1

Prolific yields obtained from well-constructed boreholes in certain areas within Region 10 often
result in the over-exploitation of groundwater resources especially where extensive irrigation is
practiced. This requires some management intervention and control, preferably beyond the
routine monitoring of water level, abstraction volumes, water quality and rainfall in order to
ensure long term sustainability of the resource. Apart from this, other important reasons for
managing dolomitic groundwater abstraction, are to minimize or prevent the formation of
sinkholes or subsidence, and to maintain spring flow in areas where towns or communities are

Groundwater management

dependent on the natural flow to satisfy their water resource requirements.

During the
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Although numerical groundwater models have been developed for specific areas or
compartments within Region 10 (Van Rensburg, 1992; Bredenkamp and Nel, 1997), such
techniques are not routinely used for groundwater management in the region. The lack of
reliable quantitative estimates of hydraulic parameters such as storage, transmissivity and
recharge, and the aerial variation thereof has contributed to the non-application of modeling
techniques for management purposes.

The Department of Water Affairs maintains an extensive network of dedicated monitoring
boreholes mostly for water level monitoring, flow gauges at springs, and rainfall recording
stations throughout the region. For the larger compartments and where the Department is aware
of potential over-exploitation, this monitoring information is analysed regularly with the aim of
identifying continuous long-term negative water level trends. Despite numerous studies to
develop groundwater management techniques for the karst aquifers, in practice water level
monitoring and control remains the most widely applied technique for groundwater management
in the area.

6.3.2 Groundwater Managements Units

Using the compartments as departure point, Holland (2009) proposed the use of practical
groundwater management entities. For this purpose the compartments are regarded as closed
or isolated groundwater units and as such are convenient for the management of groundwater
resources in the karst groundwater environment. Based on an analysis of the available
groundwater information in karstic terrains, he identified what he terms hydrogeoiogical
response units and developed his management concept on these units. For this purpose he
defined the following groundwater management terminology that can be applied to the karst
groundwater conditions present in Region 10:

* Groundwater Management Area or GMA:
Areas that usually coincide with compartment and surface water catchment
boundaries and can include a number of dyke delineated groundwater
compartments. A GMA normally comprises of a number of GMUs or GRUs.

s  Groundwater Management Unit or GMU
The boundaries of these are based on surface water drainage and
hydrogeological considerations. Each of these wunits represents a
hydrogeologically homogeneous zone and boreholes tapping the groundwater
resources within this unit are in hydraulic connection to each other

o Groundwater Resource Unit or GRU
This unit represents a groundwater body that has been delineated or grouped
into a single significant water resource based on one or more characteristics that
are similar across that unit.

6.4 Subdivision of Groundwater Region 10

The hydrogeological discussions presented in this report are based primarily of the work by
Holland (2009) who made a thorough analysis of available information up to 2009. He
subdivided Region 10 into three areas and prepared excellent and detailed maps for each of the
areas. The maps represent areas for which small gaps are present between the different areas,
but the maps cover areas where large amounts of hydrogeological information is available. The
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Northwest area (between the Botswana border and longitude 27°)
Tarlton area (between approximate longitudes 27°30’ and 28°), and
Pretoria/Bapsfontein area (between approximate longitudes of 28° and 28° 30").

jon presented in this report follows the same subdivision and will be presented under

Name >..mw Position | Name Area

{(km? (km?)
Dinokana 277 Tweefontein 162
Zeerust 699 Hennops 190
Molopo/Grootfontein 985 Aalwynskop 155
Itsoseng a5 Fountains West 141
Dudfield 105 Fountains East 74
Lichtenburg 781 Rietvlai 73
Groot Marico 535 East Kaalspruit 117
Holpan 516 Sterkfontein 219
Schoonspruit 1320 Efandsfontein/ Bapsfontein 209
Mooirivier 827 Rietfontein 185
Holfontein 74 Delmas 424
Steenkoppies 313 East Rand Basin 936
Zwartkrantz 292
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8 8
7 HYDROGEOLOGY OF THE WESTERN SECTION OF GROUNDWATER REGION 10 < .Hm.
5 s BRIBRBIERIZZSIELRSBIY|S
7.1 Water Management Areas (WMAs) or “compartments” in this section %m g
The area described in this section extends from the Dinokana compartment close to the 2
Botswana border to the Mooifontein Compartment west of Tarlton and comprises of the .w
compartments listed in Table 7.1 and shown in Figure 6.1. The hydrogeology of each Water m m ®
Management Area wili be discussed under separate headings. o m 5| 18s R m = ®
5 HAREAE RN R EEE
7.2 Hydrogeology of the Northwestern Region t 3 (2/5(213(8/8(218 (218 /5(E|8(5 (8512
g : €282 |212|1815 |5 (2181212121815 1812
7.2.1 Dinokana and Zeerust Groundwater Management Areas m m
i @
These two GMAs are located in the northwestern part of Groundwater Region 10 and consist of m m A N A N I T S N A e
the following Groundwater Management Units (GMUs): @ § [QQQlL kL@ S| (d || & 4| |& (& <
 Dinokana GMA = s [C[C|8|31010[81313|3(313 313212 1Z(8
- Tweefontein (A10A-01); P 5
- Dinokana (A10A-02; - 2
- Skilpad Eye (A10A-03); and E gg £
- Skilpadhek (A10A-04). g £33 . o 5
The combined surface area of these four units is 273 km?. The boundaries between the E mm m g g .w m 8
different compartments are formed by: . EELE 2 |32 % M
- the Tweefontein dyke forms the boundary between the Tweefontein and Dinckana £= £2” - g
GMUs; S © =
- the Dinokana dyke forms the boundary between the Dinokana and Skilpad Eye w,
GMU’; S <
- i O
Mﬂ__wmmnuammhmmw dyke forms the boundary between the Skilpad Eye and the W M 2(88]o|3 3lsielelelele o sl m m
e Zeerust GMA 5 :
- Wonderfontein (A31D-01); =
- Malmani (A31D-02); m "
- Kareebosch (A31D-03); o 2 | o8| |2 =lolel-le| |alelBZ
- Welgedacht (A31D-04); & « [E5|012(5(5|25/8]23|515/5 |28 3|5
- Oftoshoop (A31D-05); = EHEHEEEHHEEEE
- Doornfomntein (A31D-06); g 2 PP RELIBER] S5 E(8[E
- Paardevlei (A31D-07) 3 z
5 2
The combined surface area of these seven GMUs is 922 km?. The Vlakplaas, Tweefontein and % m
Klippan dykes separate the Zeerust GMA from the Molopo/Grootfontein GMA, while other T m 1381353313885 /85 82l L.
prominent dykes present in the GMA include the Ottoshoop, Vergenoeg, Doornpoort, @ w; 2 SELE S m = m m m < m m 5 m. < m 8 m
Rietfontein, Slurry, Kareebosch, Welgedacht, Doornplaat and Witkop dykes. The boundaries to m S T e <L << | << |22
the different GMUs in each of these two GMAs are shown in Figure 7.1. ”m W )
5 8
Seventeen springs are present in these two GMAs. These are referred to as the Upper (1) and 3 M m z
Lower Dinokana (2), Upper (3) and Lower Tweefontein (4), Skilpad Eye (5), Malmani Upper S 2 mw o - 8 Ll
(25), Kareebosch (22), Welgedacht (34), Doornplaat (26), Buffelshoek (14), Stinkhoutboom -3 |ga £ 2 2 2|2
(15), Doornfontein (20), Rietpoort (19), Kraalfontein (18), Paardeviei1 (23), Paardeviei 2 (24), m w. mm 5 N m m m
© 2 6 T
a |9
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Vergenoeg (16) and Klaarstroom (17). The numbers in brackets refer to the numbers shown on
Figure 6.2. The positions of these springs area also shown in Figure 7.1.
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Figure 7.1. Map showing the extent of the Dinokana and Zeerust GMAs (map sourced from Holland,
2009)

The groundwater resources within these compartments, and .mmvmo,m_:\ the Zeerust
Compartment, are of great importance as the town of Zeerust is mxm_._w\ dependent .o:
groundwater from this GMA. The water demand increased from 1.4 Mm>/a in 1978 to a fairly
constant value of 2.6 Mm%a for the period between 1983 to 1995. Stephens et al. ﬂom&
provided an estimate for the groundwater abstraction for 2005 which m:..ms.;ma to 44.8 Mm°/a
compared to a recommended sustainable abstraction of 39.9 Mm“/a for the Zeerust
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partment. An over-abstraction of 12% in 2005 clearly indicates that careful management of
resource is already, and will become even more, important in future. As it has always been
ognized that the management of this resource is important, studies have concentrated on the
armination of aquifer characteristics, recharge determinations and how to estimate the
pact of abstraction of groundwater on spring flow.

gohydrological conditions of the Rietpoort compartment were studied in detail by Bredenkamp
d Zwarts (1988) and Botha (1994) and are considered as providing a good and representative
ew of the regional conditions within the GMA. The Rietpoort compartment is bounded by the
ietpoort dyke in the north, the Elizabeth dyke in the west, and the Ottoshoop dyke in the south
igure 7.2). The eastern boundary is formed by rocks of the Penge formation of the Pretoria
roup. The three upper formations of the Malmani Subgroup, the Frisco, Eccles and Lyttleton,
re present within this compartment and have a N-S strike direction. The chert-rich Eccles
ormation hosts the main aquifer. Two springs are draining the sub compartments; the Rietpoort
gye in the north draining the western compartment and the Buffelshoek eye against the contact
between the Frisco and Penge formations in the east. It is interesting to note that the Rietpoort
Spring issues at the contact between the Eccles and the Lyttleton Formations and not at the
Rietpoort dyke constituting the northern boundary of the compartment. Groundwater flow is
towards the north at a gradient of approximately 1:1 700.

To obtain reliable values for aquifer storativity and recharge the Saturated Volume Fluctuation
(SVF), Cumulated Rainfall Departure (CRD), spring flow, Direct Parameter Estimation (DPE)

and the chloride methods were used. The application of these methods resulted in the following
results:

Effective recharge: 10% of MAP(equivalent to ~48 mm/a)
Effective recharge for compartment: 3.37 Mm®a

Storativity: 2.5-5%

Qutflow from aquifer: 1.35 Mm¥a

The data used in the different methods used to determine these parameters are shown in
Figures 7.2 to 7.9.
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Figure 7.2. The Rietpoort GMU, a subdivision of the Zeerust GMA (from Botha, 1993).
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Figure 7.3. Water level records from three boreholes in the Rietpoort GMU (Botha, 1983).
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7.2.2 Molopo Grootfontein, Itsoseng and Dudfield GMAs

The southern boundary of the Molopo-Grootfontein GMA is formed by the Paarl, Hendriksdal
and Stryd dykes in the south, while the eastern and northeastern boundary is formed by the
Klippan and Vlakplaas dykes. In the west the GMA ends against rocks of the Ventersdorp
Supergroup. Other dykes include the Verlies, Grootfontein, Trekdrift, Slurry,
Mooimeisjesfontein, Elizabeth and Kareebosch dykes. The Elizabeth and Mooimeisjesfontein
dykes are N-S directed, and most of the others approximately E-W. The N-S directed ones are
classified as Pilansberg age, while the others represent post-Karoo age dykes (150-190 Ma).
The Itsoseng and Dudfield GMAs have a total area of ~200 km?. The northern boundary of
ltsoseng is formed by the Paarl dyke, and eastern boundary of Dudfield GMA is the N-S
Elizabeth dyke.

Comprehensive studies have been done on the Kliplaagte (previously referred to as the
Grootfontein Compartment), Polfontein and Molopo GMUs by Van Rensburg (1985; 1987a;
1987b; 1992), Bredenkamp (1964, 1984, 1992, 1996, 1999, 2000), Cogho (1982), Gombar
(1974), Hauger (1973), Palmer (1972), Vipond (1979), Partridge and Maud (1990).

These three GMAs with a total surface area of 1172 km?, consist of six GMUs in the Molopo-
Grootfontein GMA (Molopo, Hendriksdal, Kliplaagte, Polfontein, Khunotswana and Slurry), and
one each in the Itsoseng and Dudfield GMAs. The area is shown in Figure 7.10.

Four springs issue from this area: the Molopo, Grootfontein, Polfontein and Olievendraai
springs. The well-known Grootfontein spring is the main source of water to the town of
Mafikeng. The Molopo and Grootfontein springs are situated on the southern side of the Verlies
and Grootfontein dykes respectively. According to the surveys reported in the work by van
Rensburg (1987) the groundwater flow direction is to the NW in the southeastern part of the
Grootfontein Compartment, then turns west in the central part, and again to the NW in the
northwestern part of the compartment. Because of the fractured and cavernous conditions often
encountered in dolomitic rocks, Bredenkamp states in Stephens and Bredenkamp (2002) that
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uifer storativity determined by means of pumping tests does not provide representative
forativity vaiues. Bredenkamp et al. (1974; 1987), Bredenkamp (1995; 1899), and Cogho
1982) have all attempted to determined representative recharge and storativity values for this
sompartment using different techniques.
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Figure 7.10. The Molopo-Grootfontein, Itsoseng and Dudfield GMAs (from Holland, 2009)

The storativity values derived from the work of Cogho (1982) and Bredenkamp et al. 1991) are
based on numerical simulations done for different compartments in the area. Using the
Saturated Volume Fluctuation (SVF) method Van Tonder et al. (1994) and Van Rensburg
(1995) calculated the recharge and storativity value for the Grootfontein compartment to be 8.4
Mm®a and 0.0225 respectively. Bredenkamp (2000) also reports a storativity value of 0.03 in
the vicinity of the Grootfontein spring based on the application of the Cumulative Rainfall

Departure (CRD) method. He attributes the somewhat higher S value to increased dolomite
leaching close to the spring.
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s is the case for most of the dolomitic compartments, ground water management is crucial and
rimarily depends on representative values for groundwater recharge and storativity. Similar
ethods as described under Section 7.3.1 above have been applied here by mo.ﬁ:m and
redenkamp (1993). In addition they have also applied the Boussinesq approach to determin

echarge and storativity. A summary of the results are displayed in Table 7.2 below. °

Stephens and Bredenkamp (2002) list that the total water consumption from the Grooftfontein
area to mainly supply Mafikeng has increased from 1 Mm®a in 1967 to 5 Mm®a in 1994, while
the total water consumption by agriculture, mining, domestic and environmental sectors as
determined by DWAF for 2000, was 46.4 Mm?®*a. This consumption exceeds the annua|
recharge of 8.4 Mm3/a calculated in 1995 by far and has caused water levels to steadily

ine. . .
decli able 7.2. Aquifer parameters for the Lichtenburg WMA using different methods (from Botha and

Bredenkamp, 1993).

7.2.3 Lichtenburg GMA

i e Ve ¢ |
The boundaries of this GMA, covering a total area 873 km*, are formed by the Hendriksdal, : ot |
Stryd and Elizabeth dykes and the Lichtenburg dyke forms the southern boundary (Figure 7.11). nm%u_hﬁ. : 0.7 period: 1985 - end of record |
Other dykes in the GMA inciude the Vlakplaas (NW-SE), Zamekomst (N-S), Paarl (E-W), S ot
_ Manana (N-S) and Lichtenburg (E-W). Only one significant spring, the Aslaagte spring just to |
the north of Lichtenburg, occurs in this GMA. This spring is situated in the Oaktree Formation : 0.007 for the whole period .
and appears not to be associated with dyke or geological contact structures. According to a 53
groundwater flow direction map in Bredenkamp (2005), from the north towards the spring. . amw% R |
! i
Botha and Bredenkamp (1993) state that Lichtenburg obtains its water from the Aslaagte (or e ; .
_ Lichtenburg) spring and boreholes in the Oaktree and Monte Christo Formations. The Monte po1- 0oz inbrum - masgnum vahucs |
| Christo Formation is the more chert-rich and karstified formation of the two, and as such Zero Recharge prrivds s 0.025
g % recharge tahen ps Rf < 15 mmsmonth for

10 - ) ;
6.5 10Pm peolonged periods. The sohution seems 1 give an

production boreholes located on this formation usually have a higher sustainable yield than
overestimation of S end @n underestimation of (1.0) _

those drilled into the Qaktree Formation.

DPEM 3 meaning ncorrect
i 0,100 RE = a. becatse of i :
. i .n....r.ﬂ S 7 o Jf.. v [} 10 -11,65% 105m} aRe 1ess. resyuls e of Q2 _
C oW ey h e rechargeSt 2516 [
.%..sﬁsamﬁ . 3 " r 0,84 _
i e |
| .o.mwcq |
un...w Yo _ BA1A-) u i |
po/Grootfontein Dolomites 10 10,04 x 10¥Fm’ RE - wRf ( R ingless resu
: . ng rsults becunse nf
i . rechasgete L17% AR i
r 0.8% e _
1 . :
_..oﬁh““ wﬁo&. ) 343 , _oW.H.___ﬂ . m/menth = 19,5 miday |
n@w.m..rm 5 " monthim = §.45x 10 day/m _
|
CRD RE/S 3.1
| ”W_-.. nNo mm/nnum Dam over whole period
. 641 mm/annuam Dam Ignored: Merch 1983 to Jatuary 1989 _
Relationsh; ¥ 3 /! .
nship betwsen T & § s 4,36 mllday For wrbitrary chosen § values, the computed T vahses

socm unreatistically small

N : CEEANY

7.24 Groot Marico GMA

ffa. .,./J..P

& 2
LN SR VI S This GMA covers a total area of 530 km?. The northern boundary is formed by Kareebosch
e dyke while the southern boundaries are formed by the Stryd and Greefslaagte dykes. The GA i
N N bounded in the northeast by outcro f th i i ; . S
e \ that . . ( ps of the Pretoria Group formations (Figure 7.12). Springs
\ xaaoon_,_m_n,.: g_w compartment include Bokkraal 1 and 2, Kaaloog, Rhenosterhoek and

s pruit (Figure 7.12). Spring flow is not moni : :
I Figure 7.11. Map showing the outline of the Lichtenburg GMA (from Holland, 2009} the survey of Polivka (1987). The i shﬁﬂwwnﬂ:qw@h__ﬂm_._ﬂwzwﬁ :.mm cm..m: Bmmwca.a during
shown in Table 7.3. springs listed by Polivka are
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Figure 7.12: Map showin

g the outline of the Groot Marico GMA (from Holland, 2009)

i i 87).
Table 7.3. Spring flow of springs in the Groot Marico GMA (after Polivka, 19 )

Estimated annual
Farm/spring name flow (Mm3/a)
2.37
Rietspruit: ”ﬂ “ 2
Rhenosterhoek: s e
1.26
Duikerfontein DN 2 s
Bronkhorstfontein BN 15 o :
Bokkraal BK 1 A.A
BK 2 !

rvey for this compartment is described in Polivka (1 wm_J. OWMM%M_,:@QM
hens and Bredenkamp (2002) numerous sinkholes and pans, for m.x”:_“\m_uoﬂ o O:q_wmﬁo. ae
e m~: in this compartment. Large areas are oo<m._.oa by the o...m_.“._”_w e
W_MM_MM formations and this is also reflected by Em ”__@_.,. ﬂ“ﬂﬁwmm M 0 M . Mo_ogom_ o
is of borehole yie :
e. The results of an analysis 0 ; . e ra
Em&mﬂﬂc_ﬁ.jﬂm«\qéma drilled, was done by Polivka (1987). His results are displaye
in '

below.

The geohydrological su

and Kaaloog springs, whereas in the southern part the groundwater
south (Stephens et al, 2005).

Table 7.4: Borehole yields from boreholes drilled in different geological formations in the Groot
Marico GMA (after Polivka, 1987).

Formation No. of boreholes | Ave. borehole yield {ifs)
Frisco 20 39.4

Eccles 89 17.9

Lyttleton 188 216

Monte Christo 73 18.8

Oaktree 45 12

In terms of groundwater use, Stephens and Bredenkamp {2002} state that about 3500 ha were
under irrigation at the time and were abstracting 44.6 Mm¥/a. However, based on irrigated
areas and crop requirements, the water requirements should only be about 28 Mm%a. This
indicates that farmers have claimed higher allocations that they are actually using. Irrigation
represents about 95% of water use and stock watering only ~5%. Recharge to the aquifer is

estimated to be ~13% of MAP. A similar value for recharge has been obtained using the
chloride method.

i722.5 Holpan GMA

The northern boundary of this WMA is formed by the E-W Greefslaagte dyke, while the eastern
boundary also forms the western boundary of the Schoonspruit compartment to the east. The
total surface area according to Holland (2009) is 512 km? Other dykes present in the area
include the E-W directed Lichtenburg dyke. The southwestern half of the compartment is
underlain by the Qaktree formation, while the upper northeastern half is underlain by the Monte

Christo formation (Figure 7.13). No reports on geohydrological studies in this specific
compartment could be traced.

7126 Schoonspruit GMA

This WMA has a total area of 1308 km? and is bounded by the formations of the Ventersdorp
Supergroup and Pretoria Group in the south and north respectively. Another important dyke
that occurs in the compartment is the Blaauwbank dyke (Figure 7.14).

Except for the Frisco Formation, the upper formation in the Malmani sequence, the full
succession of Malmani formations are present across the compartment; from the Qaktree in the
south, followed by the Monte Christo, Lyttleton, to the Eccles in the north. In the north the
Eccles Formation is unconformably overlain by the Rooihoogte Formation. The analysis of
borehole yields done by Polivka (1987), indicated that boreholes drilled in the Eccles and Monte
Christo have higher yield that those drilled in the Oaktree and Lyttleton formations.. This
observation supports the general conclusion from similar analyses across Groundwater

Region10 that the chert-rich formations produce higher borehole yields compared to the chert-
poor formations.

Several springs occur in the compartment. The Schoonspruit Spring near the southern
boundary of the compartment is the most productive one (Stephens and Bredenkamp, 2002).
Different average annual spring flow values are quoted by different authors, i.e. 24 Mm¥a
(Kotze et al, 1994); 48 Mm*/a (Bredenkamp et al,1996); 60 Mm¥a (Stephens and Bredenkamp,
2002). The significant decline in flow of this spring since about 1986 has been attributed to the
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dramatic increase of irrigation from groundwater and resulted in the _.vMM_MHMMM”m Mﬂ ””M
ing i Figure 7.15). A more relia
ed recharge area of the spring in 1995 ( . .
MH“_H_EQQ mcmﬂmozo: of 24 Mm3/a was calculated in 1996 following a new survey of the area

(Schoeman and Partners, 1996).
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Figure 7.14. Map showing the outline of the Schoonspruit GMA (from Holland, 2009).

Figure 7.13. Map showing the outline of the Holpan GMA (from Holland, 2009).
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Figure 7.15. Comparison between the average rainfall and flow of the Schoonspruit for the
period 1970 to 1994 and showing the decline in flow from about 1986 due to
groundwater abstraction (after Stephens and Bredenkamp, 2002).

increased

47




According to a map in Stephens et al. (2005), groundwater flow is towards the south (to the
Schoonspruit spring), while Stephens and Bredenkamp (2002) state that the water levels
decline abruptly closer to the large N-S fault forming the southwestern boundary of the
compartment. According to them this is an indication that the fault acts as a partial flow

boundary rather than a conduit for high groundwater flow.

7.2.7 Mooirivier GMA

Leskiewics (1989) reported on a survey of this compartment which he referred to as the
Mooirivier compartment situated between the Schoonspruit compartment to the west and the
Steenkoppies compartment to the east. The Mooirivier compartment is subdivided into 2
subcompartments, Mooirivier West and Mooirivier East. The western boundary is formed by the
N-S directed Almoro dyke and the eastern boundary aiso by a N-S directed Eigendoms dyke
(also referred to as the Holfontein dyke by Leskiewics, 1989). The N-S striking Mooifontein
dyke separates the western and eastern subcompartments. The Mooirivier and Almoro dykes
are diabase dykes with a positive magnetic anomaly response, while the Holfontein dyke is
syenitic and has a negative magnetic anomaly response. One E-W striking dyke traverses the
compartment and is referred to as the Wolwekrans dyke by Bredenkamp et al. (1986) and
extends to Tarlton in the east. The same geological succession as is present to the west in the
Schoonspruit Compartment also covers the Mooirivier Compartment. Based on deep
exploration drilling done by Anglo American, the dolomite succession has a combined thickness

of about 1200 m in this compartment (Leskiewics,1989).

The survey by Leskiewics (1989) confirmed again that the chert-poor formations (Oaktree and
Lyttleton) constitute low yielding aquifers. To illustrate this statement, he refers to one farm
(Wildfontein 52IQ) on which 60 boreholes were drilled of which only four were successful
(vielding >1 Vs). More leaching and solution channels are present in the chert-rich formations
(Monte Christo and Eccles) and as a result constitute the major aquifers. The borehole statistics
shown in Table 7.5 were compiled from the work by Leskiewics (1989) in the Mooirivier

Compartment.

Table 7.5. Borehole statistics from the Mooirivier Compartment {(Leskiewics, 1989)

transmissivity. All three N-S trendin
. g dykes, the we -
B Hoifontein dykes act as flow boundaries stern Almoro, the central Mooirivier, and the

Two springs emanate from the compartment. These are the Bove
. t. re t og located on the
ror p nste O
eastern side of the Mooi River dyke and the Holfontein spring that stopped ﬂ_oi_:w in m_mmm _ﬂ_._
. The

termination of flow at the Holfontein spri i
: pring was attrib i
as a result of the increased demand for irrigation V16 o increased ground water abstracton

The groundwater level map compiled by Leskiewics I
B ompartm (1989) indicates that groun i
S_o_iquwsm QW_MM cwwwccﬂmm:ﬂﬁ the mocﬁzémmﬁ and to a lesser mxaam m_osm,\.‘,m.ﬂmﬂ “.__.M_M”“Mo
Bzt levels (up to 1 Mo oamam_u gradients in this area. An area of very anomalous ammﬂs
part of the eastern Mooirivie M deeper that the surrounding areas) occurs towards the om::mm
I water deprossion to ¢ qooo_..._“_umnam:”. In the report Leskiewics (1989) attributes the
B« Roof and Ventersd possible deep conduit draining the groundwater to the underlyi
ersdorp Supergroup formations and speculates that it may msﬂwﬂ,\ﬁ_nm

adjacent Ventersdorp, Oberholz
. . er and Bank com ;
being dewatered for gold mining purposes. i e TR

Other observations and conclusions made by Leskiewics (1989) include:

<m_,<_0<<m_.o::a<<m6ﬂ .
Qﬂma_maAo.oo._
the western compartment. ( ) and water level depth <5 m over large areas in

__,.\_ma_”w number of shallow boreholes yielding >20 I/s
u i .
ch steeper and variable groundwater gradients in the eastern compartment

Deep to very deep water | i
. evels in the .
maximum of 136 m in 1989) eastern compartment (>70 m with a recorded

The majority of boreholes i
- s in the east
yielding (3-5 Us), stern compartment are >150 m deep and are low

Recharge estimates for th
e com
Tarlton area. partment were based on resuits from the adjacent

A large number of new si i
sinkholes in the vicinity of th
the eastern compartment had been reported in Nomm e groundwater level depression in

Total number | Number of Number of J
Geological Formation of reported | successful Average dry Success 7.28  Groundwater |
. H a - - —1 m H - .
boreholes boreholes yield 8) | o enoles ratio (%) vel distribution
[ Eccles {chert-rich) 120 30 10 90 25 In some of the old :
er reports on investigati i
Lyttieton (chert-poo 60 19 4 41 32 b gations of specific com
gﬁ% QM,_% Amgu.%a G - = =5 = <M1H“,ﬂa (van Rensburg, 1987b; Leskiewics, 1989) but :ouﬂﬂﬂﬂw A&E level maps can
Oaktree (chert-poor) 96 26 3 70 28 could b s and inferred flow directions across the entire western are ﬁoom e eter leve
. o .
jicta Gl 128 7 358 26 ooaumh:ﬁmﬂma. Holland (2009) presented the results of a water _M<M_ m_._..M“._:m_s\m”m_. Region 10
nts across the whole of Groundwater Region 10 on the _,m@mo_mm"m ﬁoq% ach of the
al geohydrological

From the water level information Leskiewics (1989) concluded that there was no conclusive
evidence that the bounding dykes result in completely separate compartments. In places,
however, there is sufficient evidence that indicate that a dyke does act as impermeable barrier.
One good example is found around the E-W Wolwekrans dyke where a change of up to 100 m
in water level depth occurs over a distance of only one to two kilometres. This drop in water
level coincides with the transition between the Pretoria Group and the Eccles Formation that is
faulted in an E-W direction and intruded by the Wolwekrans dyke. The outcropping quartzites of
the Black Reef Formation in the south also act as a boundary due to the much lower
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entire western part of Groundwater Region 10.

around 20 mbgl.

Relative small variations (~10-15 m) around the median water level values over the

In the Zeerust, Marico, Lichtenburg and Holpan compartments the average water level is

Using the most recent water leve! information from the NGA of DWA a water level map

indicating water level elevation above mean sea level was constructed (Figure 7.17). It is
acknowledged that in this exercise the influence of dyke structures on water levels was not
acknowledged, and therefore the map is not a true reflection of the conditions within each
compartment. Nevertheless, it provides some indication of regional conditions and fiow

directions.

In the explanation accompanying the geohydrological map sheet 2526 Johannesburg, Barnard
(2000) mentions that unlike most other formations the groundwater level in dolomitic aquifers
does not necessarily follow the topographic profile. The level follows more often a nearly
horizontal surface with a very low gradient and indicative of highly permeable formations. This
characteristic partly explains the occurrence of very deep groundwater rest levels in areas of

raised topography.

Holland (2009) also reported the mean change in water leve! for the period 2004 to 2009 within
each compartment. This information is presented in Table 7.6. Several of the compartments

have recorded a decline in water leve! over this 5 year period which can most probably be
attributed to an increased abstraction from springs and groundwater for irrigation and town

water supply schemes.

Table 7.6. Long term water level changes in the Western area of Groundwater Region 10.

No of DWA Mean water level Registered ground-
Compartment Area . . L
2 operational change since 2004 | water use for irrigation
or GMA (km*) o . 3
monitoring stations (m) (Mm*/a)

Dingkana 277 11 6.9 0.7
Zeerust 699 18 29 34

Molopo/

Grootfontein 985 63 -6.9 26.1
Itsoseng 95 5 -0.1 -

Dudfield 105 1 -7.9 46

Groot Marico 535 10 -04 10.9
Lichtenburg 781 10 -3.5 241

Holpan 516 8 -3.9 17.8
Schoonspruit 1320 13 -2.9 26.7
Mooirivier 827 2 1.4 2.7
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729  Spring flow and borehole yield

Throughout the preceding sections the presence of numerous high yielding springs emanating
from the dolomitic formations has often been referred to. In Table 7.8 a summary is presented of
the latest measured flow from springs in the western part of Groundwater Region 10 based on
information from Holland (2009). Flow records for four of the larger springs in the northwestern
region are presented in Figure 7.17. Flow records for springs Dinokana Upper, Malmani Eye,
Schoonspruit and Molopo Eye are included in the figure.

A map combining aquifer type and borehole yield was prepared and is shown in Figure 7.18.
The aquifer type units, and the four classes of borehole yield (<0.5 I/s; 0.5-2 Ifs, 2-5 I/s and
>5 Ifs) on this map are based on the classification model used by the Department of Water
Affairs for the hydrogeological map series where karst is acknowledged as a separate aquifer
type, are shown on this map. It is clear from this map that over most of Region 10 borehole

yields in excess of 5 I/s are found, and only in relatively small areas in the far western part of the
Region, borehole yields are generally <5 I/s.

Barnard (2000) did an analysis of borehole yield information and found that the yield potential is
excellent as 50% of the boreholes on record produced more than 5 I/s, with the higher recorded

yield being 126 I/s. The borehole yield distribution for boreholes in all the formations of the
Chuniespoort Group is shown in Figure 7.19.

nsczmomuo.o; Group
1 230 records
Max. yield 126 s

W

\

X

W

% Boreholes in each interval

j\w\\'\

<0.1 0.1-0.5 _ 0.5-2

Class interval (I/s)

Figure 7.19. Borehole yield distribution for the Chuniespoort Group (from Barnard, 2000).
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Figure 7.18. Spring flow record for four springs in the western section of Groundwater Region 10.
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Compartment . [ .
name Subdivision names and [_ HYDSTRA bc.rehole |nformatio-n Monitoring period S E ’_m:; ::re- Water level range (mbgl)—I
(Holtand's Holland’s GMUs Bh# Latitude Longitude From To (mbgl) (mbgl) ments Min. Median Max.
GMAs) {Cape) (Cape)
Dinokana A10A-01 Tweefontein ATN0OGO1 25.54972 25.92750 01/1977 12/2004 27.4 16.8 273 16.4 38.9 52.7
A31D-02 Maimani A3NOCO0S8 25.88111 26.16333 01/1977 12/2004 225 228 288 19.6 238 294
A31D-03 Kareebosch A3NO001 2582139 26.04583 01/1977 1272004 16.4 167 23 10.1 16.7 69.8
Zesrust A31D-04 Welgedacht A3N0003 25.79056 26.01750 03/1977 12/2004 11.1 12.3 296 10.8 11.6 13.5
A31D-05 Ottoshoop A3N0012 25.68444 2595750 01/1977 04/2005 118 13.6 3138 1.5 134 20.4
A31D-08 Doomfontein D4N1467 25.68250 25.87806 07/1997 04/2005 284 259 18177 194 19.5 289 |
A31D-07 Paardevlei A3ND017 25.62222 25.97528 01/1977 12/2004 14.1 19.6 295 14.1 19.8 23.0
Groot Marico A31A-01 Grootpan C2N1020 25.95806 26.55028 09/1990 07/2009 16.1 20.2 178 14.4 18.8 211
A31A-02 Groot Marico A2ND202 25.91806 26.49806 09/1986 07/2009 211 26.0 1037 21.1 237 271
A31A-03 Grootfontein C3NO550 25.88667 26.29028 08/1990 07/2009 13.3 12.6 180 11.7 13.3 23.7
D41A-01 Molopo DANG141 2595944 26.13472 02/1976 12/2004 10.0 14.0 304 10.0 13.8 16.6
Molopo/ D41A-03 Kliplaagte D4N0O75 2591833 25.86222 08/1979 04/2005 36 211 15420 2.6 17.3 28.4
Grootfontein | Da1A-04 Polfontein D4NO117 25.96611 25.84278 011975 12/2004 0.9 58 321 0.5 41 9.2
D41A-06 Slurry D4NO0138 25.80444 25.84111 08/1964 03/2004 6.2 4.8 403 0.6 4.3 9.5
Itsoseng C31D-01 Itsoseng C3N0563 26.12639 25.88806 12/1998 04/2005 3.5 5.0 2311 21 3.7 55
Dudfield C31B-01 Dudfield C3N0028 26.14111 25.96222 08/1975 12/2004 4.7 12.2 315 1.5 7.3 217
C31A-01 Zamekoms C3N0552 25.98778 26.38444 08/1980 07/2009 7.3 8.0 145 7.3 8.3 10.1
Lichtenburg C31A-02 Manana C3N0553 26.04611 26.37639 08/1990 07/2005 29.8 32.3 179 13.7 311 396
C31A-03 Houthaalsdooms D4NO0136 26.02694 26.10167 02/1978 12/2004 20.6 20.8 305 17.0 208 33.1
C31A-04 Aslaagte C3N0084 26.10083 26.16694 05/1985 12/2004 21.2 23.6 200 19.1 23.0 26.0
C24C-01 Klippan C2N1025 26.10611 26.47750 01/1990 07/2009 2586 36.9 169 256 32.0 48.1
Schoonspruit | C24C-02 Vetpan C2N1026 26.06111 26.92139 07/1990 07/2009 70.0 71.9 155 67.9 70.7 739
C24C-03 Schoonspruit C2N1029 26.15528 26.80583 07/1990 07/2009 23.0 24.3 182 22.5 24.0 26.7
C24F-01 Klippan C2N1036 26.10611 26.47750 09/1990 07/2009 134 15.2 172 7.7 146 18.8
Holpan C24F-02 Roodepoortje C2N1023 26.16500 26.573086 12/1989 07/2008 30.0 28.0 180 249 2786 30.5
L C24F-03 Tweebuffals C2N1037 26.05028 26.49083 01/1990 08/2009 40.4 40.2 168 32.2 39.8 42.3




Table 7.8. Information on springs in the western part of Groundwater Region 10
(:ompartment’ ) Coordinates Measuring Measu:el:ent Last observation Mean flow
name (Holland's Spring name . perio 3
GMAs) Latitude | Longitude | > oton PUMber ot | End | Flow (Mm'a) Year (Mm’/a)
Dinokana Upper 25,4558 25.8539 A1THOO1 1960 Active 3.1 2008 36
Dinokana Lower 25.4481 25.8789 A1HOD02 1960 1995 0.5 1994
Dinokana Tweefontein Upper 25.5450 259353 A1HOC3 1960 1993 0.5 1992
Tweefontein Lower 25.5442 25.9475 A1H004 1960 1993 0.3 1990
Skilpad Eye Lower 25.3311 25.7600 A1THOO5 1960 1999 0 1993
Bokkraal 1 258225 26.4681 A3H002 1907 1943
Bokkraal 2 25.8167 26.4817 A3H003 1907 1943
Groot Marico Gifontein (Kaaloog) 25.7886 26.3686 A3HO04 1907 1931
Renosterhoek 25.8167 26.4333 A3HO005 1907 1943
Rietspruit 25.8086 26.4314 A3HOC6 1907 1943
Buffelshoek 25.6958 26.0083 A3H009 1960 2002 0.4 1994
Stinkhoutboom 25.6661 259964 A3HO10 1960 2000 0.7 1999
Vergenoegd 25.6042 250914 A3HO11 1960 1992 37 1983
Klaarstroom 25,5517 25,9975 A3HO12 1960 1978
Kraalfontein 256472 25.9489 A3HO13 1960 1993 0.4 1983
Rietpoort 25,6672 25,9489 A3HO014 1960 1996 4.1 1983
Zeerust Doornfontein 25.6383 25.9289 A3HO15 1960 Active 0 2008 0.6
Rhenosterfontein 25.7208 26,1375 A3HO17 1968 Active 0.3 2008 04
Kareebosch 25.8347 25.9847 A3H020 1969 1993 0.5 1992
Malmani Upper 258275 26.0636 A3H023 1970 1990
Paardeviei 1 25.6328 259919 A3H021 1971 Active 0.7 2008 1.7
Paardevilei 2 25.6314 25.9950 A3H022 1970 Active 04 2008 0.4
Doornplaat 25.7681 25,0847 A3H026 1970 1993 0.2 1992
Welgedacht 258231 25.9667 D4HO016 1969 1991
Schoonspruit Schoonspruit 26.2839 26.8608 C2H064 1970 Active 0.8 2008 17
Lichtenburg Aslaagte 26.1103 26.1697 C3HO11 1963 1967
Molopo Eye 25.8814 26.0206 D4H014 1981 Active 10.3 2008 10.8
Molopo Polfontein 26.0622 25.8606 D4HO19 1980 1985 1.9 1984
Olivendraai 25.8558 25.8742 D4HO17 1969 1995
Grifontein-Mafikeng 259136 25.8722 D4H015
Mooirivier* Bovenste Qog 26.2006 27.1625 Not measured 16 1977
Holfontein* Holfontein Not measured 0 1985
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Figure 7.20. Aquifer type and borehole yield across Groundwater Region 10.
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8 HYDROGEOLOGY OF THE STEENKOPPIES AND ZWARTKRANS COMPARTMENTS

In this section the hydrogeology of the Steenkoppies and Zwartkrans compartments, also referred to
as the Tariton dolomites, is described. The text is essentially taken from the recent report by Holland
(2011) and formed part of a larger DWAF project in which guidelines for the development of the main
dolomitic aquifer regions in South Africa were developed. The sections of this document describing
the Steenkoppies and Zwartkrans compartments and the Tarlton dolomites, were referred to as
Activities 25 and 13 respectively of the larger project.

8.1 Background

The Steenkoppies and Zwartkrans dolomitic compartments comprise areas of approximately 213 and
180 km? respectively. The Steenkoppies compartment is directly adjacent to the Cradle of Humankind
World Heritage Site (COHWHS) which forms part of the Zwartkrans dolomitic compartment. Holland
and Cobbing (2008) also refer to these to compartments as the Tarlton dolomitic aquifers. The
understanding of the Zwartkrans compartmentalised karst aquifer has become crucial since the first
mine water started to decant south of the COHWHS near Krugersdorp in August 2002. Similarly, the
Steenkoppies compartment has received great attention since the naturally discharging and well
known spring of the Steenkoppies compartment. known as “Maloney’s Eye”, reached the lowest flow
on record. During March 2007 eight of the nine springs constituting the Maloney's Eye stopped
fiowing and flow was measured at 0.05 ms (or 1.58 Mm?®fa). This had major consequences for
downstream water users as flow from the spring forms a portion of the fiow of the Magalies River.
Flow measured at the Maloney’s Eye gauging station during 2008 was 0.174 m>/s (or 5.49 Mm?®/a)
compared to a long term average of 14.38 Mm®/a (100-year record). The Steenkoppies compartment
has been exploited through the abstraction of groundwater primarily for agricultural irrigation since the
early 1980s and recent studies have indicated declines in groundwater levels in the Steenkoppies
compartment, suggesting over abstraction which could lead to a decline in discharges to the Eye.
According to Holland (2011) a great deal of controversy exists regarding the functioning of the
groundwater system and the extent of the Steenkoppies compartment and more specifically the
recharge area of the Maloney's Eye. A number of contradictory reports exist in terms of the catchment
size of the Maloney's Eye (Bredenkamp et al., 1986; Barnard, 1997 Bredenkamp et al, 2007; ERM,
2007) and whether the decrease in flow from the Eye is as a direct consequence of excessive
groundwater abstraction in the compartment or due to changing (or decreasing) rainfall patterns.

8.2 Locality

The aquifers in the Steenkoppies and Zwartkrans compartments are formed by the Malmani dolomite
formations of the Chuniespoort Group. It is within this Group that karst formation has occurred. Dykes
that form boundaries to groundwater flow cross the dolomites, creating isolated hydrogeological
compartments. The Steenkoppies dolomitic compartment, covering an area of approximately 213
km?, is located in the upper reaches of the Magalies River catchment (A21F) which comprises a total
drainage area of approximately 1000 km?. The Zwartkrans compartment, to the east of the
Steenkoppies compartment, covers an area of 180 km? and contains the Sterkfontein and Wonder
caves, and the major springs Danielrus, Kromdraai and Zwartkrans (Figure 8.1).
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Igure 8.1 Map of the Tariton area showing the two main compartments, the Steenkoppies and Zwartkrans (from
Holland (2011).
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Holland and Cobbing (2008) describe the boundaries to the two compartments in the following
way: The Steenkoppies compartment is bounded by:

- the Pretoria Group in the north,

- the Zwartkrans compartment in the east,

- the Witwatersrand Supergroup in the south, and

- the Holfontein compartment in the west with the Eigendom dyke as boundary.

The Zwartkrans compartment’s hydrogeological boundaries are:

- the Pretoria Group in the north,

- the Tweefontein compartment in the north-east with the Rietfontein dykes as
boundary,

- the Basement complex and Witwatersrand Supergroup in the east and south, and

- the Steenkoppies compartment in the west with the Tarlton west dyke as boundary.

8.3 Objectives, Aims and approach of the study by Holland (2009)

In the review of the Steenkoppies and Zwartkrans compartments Holland (2011) focused on the
following important aspects:

* The delineation of the Steenkoppies compartment.

* The recharge catchment of the Maloney’s Eye.

* An explanation of the Maloney's Eye's behaviour and response to natural recharge
(rainfall) and abstraction. The moving average and cumulative rainfall departure methods
based on long-term rainfall records were used to predict natural groundwater level trends
and simulate impacted or natural spring flows (Bredenkamp et af., 1995).

* A geochemical description of collated historically and newly acquired chemical data. A
detailed interpretation of major and trace elements as well as environmental isotopes can
achieve a good understanding of the flow system if sufficient variability in the chemistry is
found (e.g. anthropogenically impacted environments).

* An update of the current conceptual understanding of the Steenkoppies compartment
(Maloney’s Eye) including a basic water balance based on the interaction and
relationship between different parameters such as recharge, abstraction, inflows and

outflows.

To achieve these aims, it was important to determine the existence of dykes that act as
hydrogeological barriers (compartment boundaries) and that will allow for the determination of
hydrogeological response regions such as groundwater management areas. Geophysical data
were used extensively to determine the positions of dyke structures. A detailed assessment of ali
available static and time series groundwater level data and its relationship to rainfall and
abstraction patterns was done, which together with the total gravity survey and depth to bedrock
information obtained, assisted in the delineation of major groundwater flow paths (or karst

conduits).

Holland (2011) prepared a comprehensive compilation of all available information from
hydrogeological studies done on the Zwartkrans and Steenkoppies compartments in the early
1980s e.g. (Foster, 1984; Kuhn, 1986; Bredenkamp et al., 1986; Kuhn, 1988) and late 90s
(Barnard, 1997). More recent studies on the Zwartkrans compartment include those of Krige,
2005; Van Biljon, 2006; Holland, 2007; Hobbs and Cobbing, 2007; Holland and Witth(ser, 2009,
which mostly pertained to the decanting mine water and the impact thereof on the water

60

resources of ,:.m COHWHS (and Sterkfontein caves) and the underlying Zwartkrans dolomit

aquifer. These investigations aided the conceptual understanding of the groundwater system n
the Zwartkrans compartment and the status and extent of mine water pollution. The Szw_\m:om _“
the _u.m_.o< Stewart WWTW effluent discharge on the aquifer was also Qmwoacma by Hobbs a M
Oocc_:m (2007) and Holland and Witthiiser (2009). These reports indicated the lack of, o .

distribution of groundwater monitoring in the dolomite aquifer. oreeer
The Steenkoppies compartment received less attention and recent studies involved mostl

desktop hydrogeological assessments (WGC, 2007) or initial hydrogeological reviews Amm§<
2007). Bredenkamp et al., 2007 applied "C simulations to a number of springs in the We H
xm:a,.zgr West and Ghaap Plateau dolomites, which included the Maloney's Eye. A b m
numerical groundwater model was constructed by AGES (2007) on the zm_w\:m s mmm_o
catchment as part of the water availability assessment of the Crocodile (West) River omaﬂam:w °

in the report by Holland (2011) the following was included and discussed:

. vmﬂoam@:mzo data for map sheets 2627BA, 2727BB, 2527DC and 2527DD
. ater level monitoring data (HYDSTRA) extract i :
ed from the National G
Database (NGDB) managed by DWAF. ounduater
¢ Groundwater quality data extracted from the NGDB and relevant reports.
) mm-io_.x_:oa_@:am:@v of the gravity survey conducted in 19886,
* Effluent discharge volumes from the Randfontein WwWTW.
* Water use validation data {conducted recently f i
o)
i y for the Crocodile West and Groot
* Longterm monthly rainfail records for all stations within the study area.
* Long term flow records of the Maloney's Eye.

The tributaries of both the Steenkoppies and Zwartkrans compartments catchment play a major
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8.4 Description of Steenkoppies and Zwartkrans Compartment areas

8.4.1 Physiography and drainage

o~

1950 000 At lavout

The topography of these two compartments is generally fiat to gently undulating, and is virtually
devoid of surface drainage features. Towards the upper reaches of the Zwartkrans compartment
the gently undulating landscape of the area is often interrupted by significant topographical
differences which is attributed to different erosion and weathering characteristics of the band of
f dolomites and their associated breccias. The surface features of the Zwartkrans/Steenkoppies
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dolomites can often be related to the sub-surface characteristics e.g. valleys of surface drainage
_._ coincide with fractured zones in karstified dolomite. The chert-poor units weather to a smooth
. topography covered by red sifty type clayey soils devoid of chert. The chert-rich units weather to
an uneven topography characterised by dissolution openings and a permeable chert residue
with red silty and brown manganiferous soils (Obbes, 2001). The low density of runoff drainage
suggests high recharge and a predominance of water flow underground, which eventually drains
into surface streams at topographic lows or emanates as springs next to diabase dykes or

_
. . formation contacts (e.g. Maloney's Eye).
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_ 8.4.2 Drainage

__ ___._“ _ The Steenkoppies and Zwartkrans dolomite compartments form part of the upper Crocodile
i | River sub-system and are located within the Crocodile (West) and Marico Water Management
_ _ _ Area defined by the DWAF. The tertiary drainage region is A21 with the Steenkoppies
B | compartment falling within the upper reaches of quaternary drainage region A21F and the
il ! Zwartkrans compartment almost completely within drainage region A21D (Figure 9.28.2). These
ﬁ_ surface catchments are immediately north of the sub-continental surface water divide between
i the Vaal River basin to the south and the Limpopo River basin to the north which suggests that
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_ | “ . this major watershed will form the most southern boundary of the Maloney's Eye recharge area. , ” M ..hﬁ ' ,_m
1 (7, S By
! As shown in Figure 9.28.2, the Zwartkrans compartment is drained towards the north-east by the 173 ML ; x
perennial Blaauwbankspruit while the Steenkoppies compartment is drained in its upper most T & . nﬂﬁw.

reaches by the Rietspruit. b W.va :
M. m_

_ 8.4.2.1 Effluent Return Flows
_ | (i) Zwartkrans Compartment

_ _ The most important and influential tributaries on the karst hydrology of Zwartkrans, are 1) the
__ Blougatspruit which is responsible for the drainage of 19.3 Ml/day (or 7.1 Mm®/a) of treated
_ sewage effluent in addition to surface run-off from the industrial area of Krugersdorp and 2} the
_*_“_ Tweelopiespruit which drains mainly acidic {treated & untreated) mine water from the decanting
_. area in the dolomitic outlier to the south of the Zwartkrans dolomite limb, but also receives
I dolomitic groundwater (unpolluted) from a number of springs (see Figure 9.28.2). The influence
of effluent return flows entering the Zwartkrans compartment has peen studied in detail by

_ Hobbs and Cobbing (2009} as well as Holland and Witthiiser (2009). Both studies revealed - . j A .
__ deterioration in groundwater and surface water quality downstream of the mine water discharge ) . . — —

area and wastewater treatment works.
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Figure 8.2. Surface water catchments and drainage of the Steenkoppies and Zwartkranz compartment areas (from Holland, 2011).
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Hydrological flow volumes at certain locations on the Blougatspruit and Blaauwbankspryit rive
courses based on investigations by Bredenkamp et al. (1986) are represented in Table g
together with the major spring discharges. These measuring points are presented in Figure
9.28.2 and illustrate the diminishing of flow as a result of either swallow holes or leakage through
the riverbed once it enters the karst system, and the increase of surface flow as it's fed by a
number of high yielding springs. Surface flow and spring discharge are not yet monitored on a
continuous basis, creating some uncertainly in artificial inflow volumes into the system ang
outflows via spring discharges.

Table 8.1. Surface water flow measurements and known spring discharges.

Measuring Point | Flow Mm®/a Spring Flow Mm/a
1 6.31 Zwartkrans 8.2
2 3.15 Daniels Rust 0.1
3 1.23 Kromdraai 0.9
4 0.41
5 8.14
6 11.67

Based on the knowledge of the authors and all prior investigations no other (additional) effluent

or dewatering discharges are taking place in or near the Zwartkrans compartment that would
account for artificial recharge into the karst system.

(if) Steenkoppies Compartment

The upper Blaauwbankspruit is termed the Upper Rietspruit and drains storm water and surface
run-off from the town of Randfontein in addition to some 8.1 Mi/day (2.85 Mm®/a) of treated
sewage effluent from the Randfontein Sewage Works facility (Figure 9.28.2). For some distance,
stream flow remains constant, but irrigation dams and the leakage from the river bed into the
underground network reduces the flow to virtually zero at the Tarlton intersection (an irrigation
dam wall). However, during periods of high rainfall more surface run-off increases stream flow
up towards the north-east at a second dam wall immediately north of the Tarlton road
intersection (on the compartment boundary) (Figure 9.28.2). It is at this location where the

Rietspruit stops flowing and no evidence of any river course immediately downstream of the dam
wall exists.

Therefore very little if any flow from the Upper Rietspruit reaches the Zwartkrans compartment
via surface routes. The volume of surface water recharging the groundwater artificially will be
discussed in more detail in the following section. However, the monthly effluent return flow
discharges from the Randfontein WWTW were obtained to assist in the quantification of inflows
into the system. Unfortunately the monitoring data is only from the year 2004 onward and no
historical records could be obtained by the Randfontein Municipality. A summary of the effluent
inflows and discharges of the Randfontein WWTW is given in Table 8.2.

Rietspruit
Flow

Dam wall

3.1. Rietspruit flow during periods of high rainfall and the end of flow at the Dam wail.

0 on the information obtained from the Randfontein WWTW average effluent discharge for
ast five years amount to 2.85 Mm?®a of which approximately 1.15 Mm®a is discharged into
pper Rietspruit and 1.71 Mm%a is used for irrigation purposes. Currently the irrigation
ponent of the Randfontein WWTW discharge permit is used by the adjoining mine dumps for
- Suppression and also for irrigation of newly planted vegetation for rehabilitation. Therefore it
ir to assume that very little or any of these discharge components reaches the Steenkoppies
omite compartment. A large volume of inflows are not balanced by the discharges and it's not
ar where the unaccounted raw inflows are distributed to Table 8.2. Barnard (1997) estimated
volume of effluent discharge from the Randfontein WWTW into the Rietspruit at 5.9 Mm%¥a.
is value is much higher than current measured discharge values which could present an
djustment to the water balance put forward by Barnard (1997).

able 8.2. Randfontein effluent inflows and discharges into the Upper Rietspruit.

Year Raw _:um_oim Effluent outflow _<_=._u\m Unaccounted
Mm’/a River Irrigation TOTAL Mm*/a
2004 3.60 1.34 0.94 2.28 1.32
2005 3.45 1.48 1.34 2,82 0.63
2006 4.75 1.52 1.45 2,97 1.78
_ 2007 4,95 0.84 2.07 291 2.04
| 2008 5.19 0.54 2.73 3.28 1.91

The monthly discharge values are plotted in Figure 8.3 together with monthly rainfall data from
the Randfontein rainfall station. Although, no relationship between rainfall and effluent inflow or
discharges is evident, an increase in the effluent discharge for irrigation purposes is seen from
January 2007 with a slight decrease in discharges to the Rietspruit.
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8.4.2.2 Spring flows (Gauging stations) sis of groundwater level trends of the Steenkoppies compartment is necessary
. behaviour. These issues will be dealt with in the sub-sequent sections.
The most important DWAF hydrological gauging stations near the Steenkoppies CoMpartma

are the Maloney's Eye (A2H010) and Brandvlei (A2H024) stations. The Magalies River gaug;
station (A2HO013) is approximately 34km downstream of the Maloney's Eye. The only g
useful hydrological gauging station is Nouklip Eye (A2H033) which drains the centre region
the Tweefontein compartment (see Figure 8.2). These stations have long term flow records an

chemical data. The monthly flow hydrograph of both A2H010 and A2H024 are illus
Figure 8.4.

Average Monthly Flow A2H010 and A2H024

trated i

b Maloney'sEye

- Brandvie

——

The following information illustrated in Table 8.3 was obtained from the 100-year flow recorg of
the downstream weir of the Maloney’s Eye (A2H010).
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imate in the area is typical South African “Highveld”, characterised by warm summers,
80% of the rainfall is experienced as thunderstorms, and cool dry winters with cold nights.
S are experienced for up to five months of the year and hail falls often. Climatic data of six

orological stations closest to the study area is summarised in Table 8.4 and spatially
ented in Figure 8.2.
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Figure 8.3. Randfontein effluent discharges and raw inflows.

Table 8.3. Maloney's Eye flow summary table {Oct 1908 to Mar 2009).

le 8.4. Meteorological stations in the study area.

Year Min Max 10 Percentile | 90 Percentile | Median Average Current i i % . Rainfall Record Elevation Mean Annual Distance from |
(Record) | (Mm%/a} | (Mmfa) | (Mm%/a) (Mm’/a) | (Mm*/a) | (Mm*/a) | {Mm’/a) {SAWS) S (mamsl) | Rainfall MAP | Maloney’s Eye
Pre 1975 | 10.63 22.04 11.48 18.95 14.13 14.56 - . Ib Start | End/Current (o (km)

Post 1975 1.58 32.64 6.34 26.81 12.02 14.01 - Viakfontein* 474751 1934 1989 1531.0 693.4 135
Since 1999 1.58 16.05 3.37 14.82 7.98 8.93 - Steenkoppies* 475121 1907 1952 1502.0 664.4 3.7
1908-2009 1.58 32.64 9.46 20.85 13.81 14.35 5.49 | Randfontein* 475338 1954 2009 1704.8 662.0 19.3
Randfontein GM* | 475370 1914 1995 1722.0 708.5 22.7
_ Randfontein
Over the last 30 years of flow the Maloney's Eye has achieved both the highest (32.64 Mm®/a) lamespark* 475370 1980 2000 17220 7091 227
and lowest (1.58 Mm®a) flows recorded ﬂ.o date. .OoBum_.ma to the subtle flow <.m_.mmzo:m of the x:._mw;ﬁ_oa e 1965 2008 1695.0 1165 231
previous 70 years a significant contrast is seen in flow records. An extreme discharge event Kroningspark*
occurred during 1976 to 1988 where flow rates doubled from the long term average. In the last Magaliesburg Pol* | 512090 1969 2009 1429.0 613.8 3.2
10 years the average flow rate reduced to 8.93 Mm®a from a long term average of 14.35 Mm%a. | Deodar” ~ 30619 1982 2009 1624.8 639.9 129
It is obvious that the Maloney's Eye has reduced in flow and that short term flow fluctuations . “.. Data obtained from the South African Weather Services (Pretoria)
(variations) have increased over the last few years. A better understanding of rainfall patterns [ — Data obtained from the Agricultural Research Council (Pretoria).
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= of the long term annual rainfall data is illustrated in Table 8.5. Average annual

The monthly rainfall time series of different meteorological stations in the wider area of intereg
50 mm was used as a reference for particularly dry years.

were screened with regard to their recorded mean annual precipitation. Only four stationg
(Vlakfontein, Steenkoppies, Randfontein and Deodar) showed a similar mean annyg
precipitation (MAP), where, the maximum deviation of mean annual precipitation was beig
10%. These stations were considered for the compilation of a single, representative time serigg
from 1908 to 2008 (similar to the flow record of the Maloney's Eye). The time series wa
compiled by calculating a weighting average (using a squared inverse distance weighting
method) of all monthly rainfall records available for a given time period (Holland, 2011).

is evident that over the last 20 years some below average rainfall events occurred, it
than previous dry cycles over the 100-year rainfall record. Lower rainfall over the last
jggests that lower flows at the eye could be expected, although low rainfail alone may
the full decline in flow at the eye.

somorphology

Mean Annual Rainfall {Steenkoppies Compartment) t karst forms and geomorphology have been created by the interplay of ancient and

1200 1 sion cycles on lithologies that have undergone many episodes of deformation
to the breakup of the super-continent of Gondwanaiand (250 million years ago) Em.

ave been uplifted into a high interior plateau and the overlying Karoo cover z.uo_a
pidly stripped off by erosion to reveal a pre-Karoo palaeo-karst surface (King, 1963;
al., 1987). An episode of quaternary regional up warping on an mmwﬁ-ZO__A:mmmm
nscontinental axis has caused significant drainage reversal over the whole karst

1000

800 MAP du 669.6 mm
| \

600 n boundary of the Steenkoppies compartment runs along the base of the Pretoria
;_m.s.,o of shales of very low permeability. The southern boundary along a number of
ranging from igneous basement rocks to the sedimentary succession of the gold
atersrand formations forming the faulted rim of the Witwatersrand basin. Dipping
ern flank of the Johannesburg Dome with a disconformable contact is the basal
the Transvaal Super-Group consisting of the Black Reef Quartzite Formation
the Steenkoppies dolomitic compartments. Based on the abundance of chert, the

bgroup has been subdivided into five dolomitic formations (Figure 8.6).

400

Monthly Rainfall mm

200

O_O©<

o.* the Steenkoppies and Zwartkrans compartment has been discussed in the
udies conducted in the area (Foster, 1984; Bredenkamp et al., 1986; Van Biljon
d, 2007). However, studies relating specifically to geological mapping m.:a m#coﬂcﬂmm
rare. The geological maps available for the study area is the 1:50 000 and 1:250
al maps from the Council for Geoscience. However the two 1:50 000 map m_...mmm..
the area north of the 26° latitude. The most comprehensive mapping done in the
as done by Owcmm (2001). Unfortunately, the author's mapping area covered the
b %Mcn dolomites also only from the 26° latitude northwards. The University of
ed the Obbes (2001) map to the border of the Cradle of Humankind (Figure 8.6).

Figure 8.5. Mean annual precipitation based on the compilation of a single long term from 1908 to 2009
iod of 11 years with annual average rainfall above 600 mm).

{(Arrow indicates a rainfall pert
records for a given time period, the station was omitted from
roach ensured the compilation of a continuous 100 year
interest (Figure 8.5), though several time periods
teenkopjes (475121) was operational priof

If a rainfall station did not have any
the calculations above. The chosen app
time series of rainfall records for the area of
rely solely on a single operational station (e.g.only S

to 1934).
. ic dykes and lineamen
Table 8.5. MAP characteristics for the Steenkoppies compartment. J ts
U . - ] .
AP Years o_* _s.pMv mao_“” ”_“ MAP MAP x._& mmm_sa__ MAP {mm) Intrusive dykes occur in the area, subdividing the dolomite into compartments. The
Year {Record) below long ter > 1000 <550 | Below 550 mm Jlll\ ature of the dykes makes aeromagnetic data i i .
(mm) mm mm over time Min | Max Boata <o magnetic data ideal for mapping these features.
. — . . 7 Soma.:.o:_ the Council for Geoscience was used for the identification of
1908 to 1988 | 669.2 2 k pas T 1‘.= 5 in the region. The total magnetic field (TMF) map together with interpreted
198910 2008 | 6711 w MN MW@M el o ._“ooqm _ﬁm: presented in Figure 8.7. These linear anomalies interpreted as dykes forms
Complete | 669.6 e delineation of compartments and grou
. | ndwater
ical response unis, g management and
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Figure 8.6. Regional geology of the Tarlton dolomites.
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More recent aeromagnetic and electromagnetic data was captured by Geotech Airborme Ltd
during March 2009. The area was surveyed included a portion of Steenkoppies and Zwartkrans
compartments. Although the interpreted anomalies from this survey were made available for this
study, the raw data does carry a cost and should be considered for future investigations.
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8.5 Hydrogeology
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8.5.1 General
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dolomites are distinguishable based on their chert content. The chert poor formations weather stem. to obtain absolute gravity values ba and a constant value of
evenly to produce 2 low storage potential residue of silty clay. The chert rich formations weather sed on the IGSN71 gravity
quite differently. The dolomite weathers faster than the chert leaving the rock supported by chert
structures. Eventually the chert will weather and collapse under its own weight leaving a
permeable coarse chert breccia. Chert rich formations develop 2 greater concentration of
fissures and fractures, which will enhance the process of weathering. These chert rich
formations are generally favourable for large-scale development of groundwater. The deep
weathering of the dolomite can be indicated by gravity lows (refer to the following section). The
weathered part of the dolomite underiain with fractures and fissures is highly heterogeneous.
These karst aquifers are often characterised by a dual or triple porosity, comprising of solutional
voids, fractures and the rock matrix (intergranular pores). While the fractures and the rock
matrix provides most of the storage potential (low Umqammgzg. the conduits act additionally as

drains (high vm..Bmmc.__:S.
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The overlying Pretoria group reveals very low primary um:.:mmc:&mm and signifies weakl
developed secondary vmqgmmg_amw along faults and fractures. Once the dolomite is exploited
excessively it is expected that the Pretoria Group will contribute groundwater to the dolomité
(Kuhn, 1989). The hydraulic connection between the dolomites and the underlying
Witwatersrand and Basement rocks is poor due to low permeability values in these underlyin

rOCkKS. drock elevation

8.5.2 Gravity survey ed
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8.5.2.1 Method

The Department of Water Affairs and Forestry conducted an extensive gravity survey dufl
1985 known as the Tarlton gravity survey which covered an area of 90 km?. The Tarlton su
conducted by Southern Geophysical Exploration covered large portions of both ¥
Steenkoppies and Zwartkrans Dolomite Compartments at 100 m station intervals along 250
spaced traverses. The gravity survey targeted the Rietspruit valley and the eastern portion of ¢

Steenkoppies compartment.

The original data that could be obtained was only available as Bouguer anomalies (b
absolute and relative) in the form of hard copy maps, with labeled data points. These map F
were used to collate an electronic Bouguer gravity data set. The task entailed aummaa y
contouring and editing to identify data spikes to correct wrong values, which o:mﬂ:mﬂma !
poorly legible data. Due to budget constraints a very small number of minor data errors Ma _
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853 Results

The gravity method is most effectively used to assist in delineating major karst features within

the highly heterogeneous dolomite aquifer. This is based on
prominent density contrast of > 0.5 g/cc between solid and leached dolomite, and

sharp lateral contrasts in near surface rock densities related to the highly irreguiar
sub-surface karst topography.
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In this study the object of the gravity survey was to locate zones of leached dolomite indicating
highly transmissive zones and identifying groundwater conduits feeding the Maloney's Eye,
Unfortunately the gravity survey does not extend all the way north the Eye and a few gravity

lines in this area is recommended to complete the gap.
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The residual gravity map was overlain by the DWAF boreholes drilled in 1986. These boreholes
were also pump tested to determine aquifer properties. Transmissivities range from 1 to 25 100
m?/d suggesting highly heterogeneous conditions. The distribution of high transmissivities
generally relates to the broad zones of gravity lows (refer to the residual gravity map in

Figure 8.8).

8.54 Compartments and ground water management units

Dolomitic compartments are formed by crosscutting dykes that act as barriers to groundwater
flow, creating isolated hydrogeological compartments. It is important to note that not all dykes
are totally impermeable and an extensive lowering of the water level through groundwater
abstraction could clarify the extent of leakage through these boundaries. The major
compartments according to the various geohydrological studies conducted in the Tarlton
dolomitic area by Foster (1984), Vegter (1986) and Bredenkamp et al. (1986) are Holfontein,
Steenkoppies, Zwartkrans, and Tweefontein compartments (see Figure 8.2). The Zwartkrans
and Steenkoppies compartments were subdivided into smaller sub-compartments by
Bredenkamp et al. (1986) based on field surveys, gravity data, and water level measurements
and were shown in detail by WGC (2007). An aim of the study by Holland (2011) was to re-
interpret the compartmentalisation that exists in the Steenkoppies compartment and to establish
groundwater management areas and hydrogeological units. This involved the capturing of all
existing water level databases including time series data, aeromagnetic data interpretation and
the re-working (digitising) of the historical gravity dataset that exist for the area. The groundwater
drainage (flow) and water levels discussed later, was also considered in the delineation 0

groundwater units and compartments.
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During his investigation potential groundwater units (GU), groundwater management units
(GMU) and groundwater management areas (GMA) were identified. GMAs generally oo_soav.
with surface drainage boundaries (e.g. quaternary catchments). The GMAs identified by Holland
(2011) coincide closely with the delineated Steenkoppies and Zwartkrans compartments wit
expanded boundaries upstream to include the surface drainages that influence the hydrogeologd
of the dolomites. The Steenkoppies compartment and also the Maloney's Eye catchmef®
boundaries are represented by GMA A21F and represent an aerial extent of 322 km®. The
following features are regarded as hydrogeological boundaries and illustrated in Figure 8.9.
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-worked gravity survey data of the Tarlton gravity survey of 1986

Figure 8.8. Re
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Holland {2011) combined potential groundwater units (GU) to form groundwater manags
units (GMU) where lateral hydraulic interdependence was evident and assumed. A GUX

defined as a groun
water resource based on one or more

GMA, GMU and GUs are presented in Figure 8.9.
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monitored (monthly) while others have relatively long gaps in between measu .

The Pretoria Group shales in the north (also a significant east-west trending ¢
The management boundary has been expanded slightly toward the ng
incorporate minor surface run-off features.
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anomaly in Figure 8.7).
Some controversy exists regarding the delineation of the eastern boundary g

previous investigation both the Tarlton west and Tarlton east dykes have beg;
forward as the main compartment boundary. In this investigation the am_s_.
eastern boundary coincides closely with Barnard’s, (1997) delineation @
boundaries of the Steenkoppies compartment.

o This boundary extends southeast toward the town of Randfontein based
less pronounced anomaly visible on the first vertical derivative of the totz
aeromagnetic data (refer to Figure 8.7 insert map). In this study this bou
will form the major groundwater divide between the Zwartkrans
Steenkoppies compartments. The groundwater divide is based on wate
elevations, simple chemistry distribution plots and residual gravity:
however, it is noted that further work is necessary to confirm this boundz

a hydraulic barrier.
The southern boundary of the dolomites is represented by the Black Reef quat

and shales. However, the catchment of the Maloney's Eye extends further
towards the sub-continental surface water divide discussed in section 8.2
boundary will include the quartzites and shales of the Witwatersrand Supergro
expected that a significant portion of surface run-off and to a lesser extent
groundwater inflow from these quartzites, will enter the underground networkH
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Figure 8.9. Delineated groundwater units.
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{(2011) could not prepare an updated groundwater level contour map due to the a€
comprehensive borehole survey. However, a conceptual regional groundwater flow 3...
produced based on the borehole survey of 1997 as well as the limited current groundwas

data.
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e elevation of the spring. The sixth and seventh groundwater units consist of the
gte formation shales and part of the Timebali Formati
flow
8.5.5.1 Groundwater

on quartzites immediately east and
aloney's Eye. The gravity lows based on Figure 8.8 are presented in the oaczaim.m_.

b (Figure 8.10) together with transmissivities from Pumping tests conducted in the 1980s.
1997) similarly delineated six zones of different transmissivities values however, only
relation exists between highly leached dolomite Zones delineated in this study.
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ribed earlier
4.3). The CRD series is represented by the mathematical relationship given in Eq.3
Levels (mbg) Ad Hoc Water Elevation (mamsl) tensively by Bredenkamp in his studies of dolomitic aquifers (Bredenkamp, ef al.,
Area | GU | Area Ad roc Warer 1 wiax. | Mean | Min. |  Max, distribution of monitoring boreholes used in this analysis are shown in Figure 8.10.
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Figure 8.13. Borehole hydrographs for stations south of Wolwekrans dyke.
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ponent which indicates that pumping or an external im

not been implemented in the CRD-graph. A slightly greater response
nfall is evident in all hydrographs in this resource unit. Similar responses are
most southern dolomitic groundwater unit, Figure 8.14 indicates declining
s since the onset of monitoring all the way through to the late 1990s. Above
rainfall and higher recharge increased groundwater levels back to levels

rly 1980s. However, another period of decline in water levels between 2000
attributed to increases in abstraction.

pact has affected the

resented in Figure 8.15 are from boreholes situated
Eye catchment. Based on the CRD
nd groundwater level response.

at the eastern boundary
-graph a very good correlation exists

_ﬁmmmamﬂsmﬁz._mmm co_.m:o_mmmﬁm:oﬁ
nm_mmcmn_.mozo:m:aﬂsmqmﬂoam_mo:2 part of the main groundwater system
age of the spring directly. This Tarlton north area explained previously can
b-groundwater unit A21 F-03(05b) (refer to Figure 8.17

).
onitoring stations and a correlation with the Maloney's Eye spring is given in
ble 8.7. Based on the previous discussions a good relationship between
ter level response was established. Similar relationships are observed with
aloney’s Eye and a direct correlation is observed with groundwater levels

f borehole hydrograph data.
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Figure 8.16. Spring flow plot vs. borehole hydrograph for the period 1985

is evident that only subtle groundwater
cessary for a significant decline in spring discharge (e.g. an 84cm decline in
PETELET years for A2N367 relates to a 3 Mm¥a drop in flow at the spring). The
= 1518 meE levels measurements within this GMU is therefore critical and the surveying of
g 518 and the spring discharge points will increase confidence leveis of
| 5 ions. This data could be useful for predicting decreases in spring flow based
.m - roundwater level decline and modeling spring discharges. The speculative
.m = or each monitoring station is provided in Tabie 8.7. This critical water level
5 B the lowest water level to maintain a spring discharge of 6 Mm%a (0.2 ms).
m - y he entire system should not decline below 1488.5 m.am.s.l. (need to be
p BN 2d collar elevations). The groundwater system directly influencing the spring
m 1504 d in the figure extent below.
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1494 can be incorporated by the k-factor as explained in equation 8-1. A
all versus spring flow reveals the distinct increase in spring discharges for
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water datasets available for the study area, in addition to the 21 newly Mmaa_u_ma locatigp
water quality sampling was performed according to m.>mm_.._mo 5667 mﬂm_:.m.._ mam“n_ the §;
were analysed in a SANAS accredited _mcoaw;oQ. _w_m_a Bmmmcaam:w _:M cﬁ ed pH. el
conductivity (EC) and temperature. The a_mq_.cc:o: of . Em.ﬁm_. QMM _”< atasets wit
Steenkoppies and Zwartkrans compartments are illustrated in Figure 8.21.

ity Management system (WQMS) data — Time series data

ality data for the Maloney's Eye (station 90163) was obtained from the
of this monitoring station is located at the Maloney’s gauging station
of the Eye. This is also at the confluence of a stream draining the
ards the west of the Eye (Figure 8.21). The sampling [ocation may have a
.._ e chemistry especially if the sample is taken after the confluence of the
both a quartzite and dolomite water type signature. Clarification is needed
of sampling. The quality of surface water entering the upper reaches of
mpartment (station 90171) is mostly determined by the water quality from
e quartzite hills of the Witwatersrand Supergroup (Figure 8.21). These
major ions and selected trace elements since 1978, The Rietviei valley
hdfontein WWTW effluent return flows contains 3 number of monitoring
I typical effluent elements (e.g. C, NO;, PO, SO,, Alkalinity, E. coli and
s€ are represented by stations 10965, 101438, 101023 and 101024 on

of the WQMS datasets are presented in Table 8.8 and a plot of the
ons of the Maloney's Eye versus flow are llustrated in Figure 8.22 and
nted in mmol/L = mg/L/gram formula weight).
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Bi (90171) sampling stations which can regarded as the recharge are of
artment with the discharging Maloney's Eye (90163) sampling station a
3mical composition is evident, Samples taken from the Rietspruit indicate
teffluent flows on the surface stream with elevated sulphate, chloride,
alues compared to the Brandvlei and Maloney's sampling stations,
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18.4.2.1 the Rietspruit ceases to flow near the Tarlton intersection and it
ire volume of flow is either abstracted for irrigation purposes along the
S the underground network through leaking river beds or swallow holes.
infall the Rietpsruit does flow into the adjacent Zwartkrans compartment

downstream. At this location the Rietspruit disappears into the sub-
surface water will impact the groundwater quality of this system.,

Figure 8.19. Cumulative spring flow vs _..m,:*m..__ |_u_m~.

Spring Flew

Fantan Spang Flow Sunctitec Spnng F _

100000

90000 1ation of time series of surface water quality data. Concentration in mgfl.

-

H- E.Coli
ME| K [ Na| o | so (No,|mco, | PH | pop | ECOlf
unit 100 ml
J A /100 ml
PN 16.
60000 1 A oA 63 | 07

. 238 3.3 57 13 (1553 | 7.8 0.03 = -
_. 20 [ 06 | 26 43 5.3 0.6 17.3 6.5 0.03 = g

S 354 | 65.1 99 | 1442 | 73 103 2964.5 4428.7

- S 63.3 | 1244 | 110 | 2207 7.4 1.89 473.4 359.9 1,_
H'..’r 655 | 1138 | 165 | 289.4 74 3.42 39550.9 25806.8
I 478 | 761 | 99 | 2319 7.4 1.96 34657.0 35809.1

i 100 | 100 | 400 | 609 600 | 80 : 4-10 | n/a n/a n/a
16000 4 | ’FF

O i T T e

Faecal

| ;_, Coliforms
70000 +

Flow (m3id)
=
e
x
=
[3
>

40000 T _.J. ‘_.”.n..ﬁamr.rk__‘fa_ﬁ

20000 + q_

-
3

- i~ O
m1sssmnxumnuwwa«mswﬁswwmmwwmmmwwmmmmmmwmmh
S NN L ST S e G el (B 58 3
$3532558588528552558558858588888558552588

Time {months)
Figure 8.20. Spring discharge vs. simulated discharges.

89




Maloney 's Eye monthly flow and major anions trend
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8.5.7.3 Hydrochemical Facies : .

Plotting the chemical dataset on a Piper diagram produces a visual presentation of W .mwn ,.w_... R e

as well as of the variability and trends in the water quality of the mmBU_mm.. Samples € w.a e X M

the CSIR (Hobbs and Cobbing, 2007) and samples oo__mﬁm.a during E_m study ma.. x‘m. !

(Figure 8.21). A summary of samples collected is attached in vuum:n__x 8.A and aﬁ_ /% .V s A\ -

Figure 8.25. Samples taken during this study focused on the Rietspruit valley and tn o A | pt

portion of the Steenkoppies compartment. Water chemistry in the catchment appear 1 xﬂ . |

from a Ca-Mg to Na + K cation predominance and from a HCOs towards SOq4 .o 3 h e . .

predominance. The Ca—Mg-SO, facies samples in the upper .oo_.:m.. of the a__m \ CEE W qﬁ

influenced by acid mine drainage and represent the highly mineralized <.<m$_. samplé Vi ,_, ! . e

mine water decanting source. The samples in the left corner of the a._m_.so:a AOm. P L /i P
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Table 8.11. Summary of water users in the thre
(WARMS 2007).

* Tarlton Farmers were listed separate in the prece

e delineated GMUs of Steenkoppies comp,

Water Volume registered {m’fa)

surface water _ Groundwater
| 2735003
2,907,428
10,596,751
Rhwwhﬁl_
9,141,661 J
| 257380843 |

Tisted separate from the other registered users.

ding table and were

* Excluding the Zwartkrans Compartment Farmers within Table 4.1.

A summary of the estimate
mentioned sources is provided
information it seems that the value
1998, may be an over estimation of wat
of only 20.7 Mm*/a.

Table 8.12. Estimated groundwater use from the

d water use from the Steenkoppies compartment based on th
in Error! Reference source not found.. Based

obtained (34.9 Mm®/a) from Schoeman & Associate
er use in the area comparing to Barnard’s 1995

Steenkoppies compartment (Values in Mma3/a).

Bredenkamp et al. Barnard | WARMS Schoeman & Associates
Year 1986 1997 2007 1998 2004
Irrigation 13.5 19.0
Households 39 1.7
Total 17.4 20.7 25.4 34.9 336

8.6.2 Water Balance information

The collated information during th
Steenkoppies compartment. The total catch
section 3.3 is 311 kmZ, which includes both

Pretoria Group and Witwatersrand Supergrou

is investigation was used to develop a water bala

ment area of the Maloney's Eye as del
the dolomite and, the quartzites and sh
P Reasonable groundwater recharge

exist in the available literature and are summarised in Table 8.13.

inflows into the compartmen

t can be attributed to the following components:

o the artificial recharge component (Randfontein WWTW),

 irrigation return flows (agricuftural run-off),
» and the surface water drainage system of the Brandvlei stream.

Outflows are mainly due to:
« artificial abstractions,
« and the natural discharging Maloney’

The water balance derive
year (Oct-07 to Sep-08) is s

amounts to 859 mm. Scenario 1 uses a recharge value O
users. Scenario 2 uses a recharge valué

use is based on registered WARMS

s Eye.

d for the Steenkoppies compartment based o the 2008
ummarised in Table 8.14. Average annual rainfall’

f 11% for dolomite and

and groundwater use based on th i
e preliminary water us .
¢ validation data b
Yy

n_mﬁmmﬂoo&..ﬂ:mvmamam ..
@moﬁ_ .
ated at 20% of the abstraction. rigation return flows recharging the

momﬁ_am:o:mcmwmao:naso
_._m
) reports for Zwartkrans and Steenkoppies

' Method
Soil information ”M.nm:m_.mm el e
Geology 58.9 —
Vegter's Recharge Map =
(1995) 95
Harvest Potential Map 69.5 s
pecialist report: . =
.,u_.nnmzrm:._v et al. 99-120 (rainfall —
Nﬂ”u - 660 mm) 15-21%
, 1995* 105
olland {2007) (CRD- L
ethod and CMB) 1136
verage 89.3 “ MH

sed rech QQ QQC_-QW of 10 o on dolory _nm and 6.5 on Aﬂ__mlN tes and m—___m_mw n —J—m a__DQSsmum_-
ar _\ _\e i
Q

compartment water balance (Values in Mm®/a)

Scenario 1 (Low
R
e echarge/WARMS | Scenario 2 (High Recharge/Scho
Inflows _ Outflows _ Balance Associates Abstraction) emann
inflows _0:5
RECHARCE (M ows _ Balance
20.19 LMin fal
0.1 24.05
4.63 081
25.63 463
29.49
INFLOWS/OUTFLOWS
M 3
0.12 (Mm{a)
2.61 0-12
0.52 2.61
0.
5.61 >
25.40 561
5.14 33.58
2.90 6.72
31.31
9.97 39.20
3403 | 3 :
| 131 +2.72 39.47 39.20
c +0.27
9.2%
o 7.9%
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The Randfontein WWTW effluent return flow makes up 10% of the tota| inflows ;
the entire component (see section 8.4.2.1 ) enters the groundwater system
information obtained from the Randfontein municipality only half of this Volume jg
the Rietspruit and the other half is used for irrigation. Barnard (1997) noted the
discharge monitoring from the Randfontein WWTW but nevertheless estimateg
effluent discharge data at 5.9 Mm%a for 1994. It was also stated that the Rang

discharged 2.6 Mm?®a in 1984, which corresponds more closely to current disg ow.. \\\
unclear how much was discharged into the Upper Rietspruit and how much ..m...m.. l\.
irrigation purposes. In this study, no evidence suggest that an increase in artificig \\v\
to an increase in water levels, an increase in spring flow nor an increas \\1 ¥
concentrations of the spring, during this period (refer to section 8.5.5.2 ang 8.5.7. - \\ /o
additional artificial inflows did occur, it might have much less of an impact on the S [ L ¥
expected. On the other hand, these alleged increased artificial inflows also og / \..\ \.
abstraction did have a definitive influence on water levels and spring discharge ! \\hu
impulses of additional inflows might have been masked. \\ .__,,w
7
8.6.3  Conceptual Model ! 1 pd
i~

¥

_.._
.
L |
\m:.

To illustrate the conceptualization, a section was drawn from south to north
Steenkoppies dolomite compartment (Figure 8.30). The Maloney's Eye is sit
intersection of the Maloney's Eye dyke and the east-west striking fault zone. Based g
elevation model the surface discharge site of the Eye is above the groundwater |
dolomite drainage area. The Eye is situated within the shales/quartzite
Rooihoogte/Timeball Hill Formations; therefore the existence of the Eye could be afti
dyke of low permeability and the cross cutting of the fault zone representing the
conduit from the dolomite into the shales and quartzites.

The recharge area of the spring is expected to include the quartzites and sha
Witwatersrand Group which extends further south than the Steenkoppies dolomites. |
inflows from other sources (e.g. effluent return flows) and surface drainages (e.g. |
forms the allergenic recharge component of the Steenkoppies compartment. Withi
(Steenkoppies compartment) the Wolwekrans dyke and the Wolwekrans south dyke
difference in water elevation and based on the high transmissivities identified throug

tests and gravity lows it is expected that these dykes are fairly impermeable. Thereft
scale abstractions in groundwater unit (A21F02(03)) will also impact on the Malo ‘
discharge due to the flat hydraulic gradient and interdependent groundwater units.
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Iso called for the details of ajl
ed to DWAF within 21 days of publication of t

he notice.
8.7.1 Background

ral activities in the greater Tarlton areg i

. f
he 1998 Water Act (DWAF, 1998) groundwater use was governed by the proy el in terms o eriployment. The Ta
Until the :

1956 Water Act. Groundwater mcmﬁqmozoh mﬂﬂmm” % %%Mﬂom__wwi_ﬂ ﬂﬁwwm__wo_ﬁ_”ﬂﬂna
I Amwom._ co_w_., Mﬂﬁmmﬁw,mﬂ “MM__MM mﬂﬁmﬁﬁmMmﬂﬂm%o: of water from the Magalies Rj
ﬁ:o.gm@.m__om .o_M .m:a_:@ review of water allocations from the river. In 1997 a hyg
o _36_:;”,%“:&__%@ on the Steenkoppies compartment was completed under thel
Wﬁﬂﬂmﬂwmama_ 1997). In September 2004 a n..ocv. & oo:oo:.._ma ém_“._mm Mwmqw n_.
the Maloney's Eye formed the Magalies River Crisis OOBH_MWM:A o~ U?M_u
problems associated with the flow of the [Magalies] _»_.<m_. m“ﬂmﬁ o Mmm: o
solution to the problem and in *o__win__ﬂw MW MM Mws Mmo_m_ﬁmwouu_:@ unlawil wall
AF issued a series ©
MwMM:xw_,hu_mm Compartment. in 2007 the MRCC was ..mo_w:<mqma_w mm:M qﬁmﬂmmm_uw“w_..
South African Presidency regarding the low flows at Maloney's Ey cessation A
the Magalies River, seeking amongst other things a »manoqmq“ at the oyl o
abstractions from the Steenkoppies Compartment to allow ,:m_ © forming as a cof
2007). The submission also emphasised the _._m.w of sink o..wm brission 63 el
amo_.:.m:@ water levels in the compartment. mmmma_m_?.?w .moo. subn qo::aémﬁ_.
imary cause of low flows at Maloney's m<o. is irrigation using g .
””mﬁsﬂwmmmmws:xougom compartment, and that such irrigation needs to stop
reduced.

mers started negotiations aimed at the establishment of g Water User

the area, to be known as the Steenkoppies Aquifer Management
Ssistance of the Danish government aid organization DANIDA. The WUA
at furthering the joint interests of users of groundwater from the
nent, and a draft constitution for the WUA has been prepared,

tion (WUA) is “A statutory body established b
der the National Water Act”. A WUA is aco
o wish to undertake water-related activities

A enables water ysers to pool resources to “more effectively carry out
(DWAF, Undated). A WUA s governed by the National Water Act

rate, and can borrow money, open bank

y the Minister of Water |
-Operative association of
for their mutual benefit.”

i 21
The 2007 submission by the MRCC to the Presidency led to m. ﬂmﬁwuomumqﬂ Nm 2
users (the “Tarlton farmers”) in the Steenkoppies Compartment in the .

tion has
enerally funded through charges to their members, although in certain
. dy assist with fundin Former subt
007 (Tanton. 2007). The T g erranean water contro| boards are
the Director-General of DWAF, dated November 2 y _Ao:m s Eyo, although th » and this process must i
dispute that irrigation is to blame for the low flows at Matoney '

tate tha
water resources in the greater Magalies area are _._:am_..m:mmm. .ﬁ.:mm._ mm .mﬂm:ﬁo:
vidence has been put forward to show that the water a_Eoc_:om:_:J.m.._ﬁo: Far
mxzﬂ area is attributable to the existing lawful use of water by ww:%m@ irrigat
2007). The Tarlton farmers therefore dispute the qom:._oﬁ_o:m. oq.. gr 4 and paid forl
in H:m._u<<>_u directive of 2004. The Tarlton farmers Moau_”m_mm_ww orts their vl
ic i
study by the environmental oo:mc_ﬁm:m\ #m_ﬂz_ %wm _M_:M__ pattemns, changing seW Cussion
icular, the ERM report states that chan ) fien Ve :
ﬁmvmﬂ%um:_sm:r changing water uses downstream of Maloney's m<M_._omm_wo 3
the banks of the Magalies River, mining activities and other aawﬂm study dol
decline in flow at the eye and in the Magalies River (ERM, moo_.N V.nm for the Steefl
1997 estimated a catchment size (177 km?) and ﬂﬂwﬂ:w ‘s in fact fikely 10 B8 kes the follow;
(Barnard, 1997). The ERM report Mﬁmwmmm:mﬁmﬁw% M.M Mma o geochemical ovidemk uvmmm >nMﬁMW3m technical observations which are relevant to the
500 km?) than stated by Barnard, o _and t :
_mmm_om_.“ MM_MM:”_oém%ﬂ mwmﬁm that aquifer management needs to be instituted
r :
hydrogeological study needs to be carried out.

Ncorporate a measure of transformation in
Cture (DWAF, 2004). The final Powers and functions of the WUA,
=gated by the Minister, who

and even

arch 20088 |
In 2008 DWAF published a notice in the ®o<m33mi Gazette Mﬁ M__M “ - .m Eye
use of irrigation water in the compartment to certain days an . _mm_m han 93 o
volume of flow at Maloney's Eye. When flows at the eye ar
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3. The water level data from boreholes in the area under irrigation show a clear g
. between water level in the compartment, and flow mw the _.m<m.
4. Groundwater levels in the compartment have declined in recent years, to |ew
. what would be expected from rainfall decreases alone. B
5. The response in groundwater levels and flow m.ﬁ the m<m. zM_ extreme rainfall eve
(days or less) with a slight delay for average rainfall periods. o bo ral

6. The area of aquifer as estimated by mm...:ma :. 997) seems omw.H z..mﬁqso_. ._
. (i.e. in the region of 177 km?). There is _._z_m evidence to M_c@m o e ”” gn
catchment for Maloney's Eye extends *_m_. _:MMU Hmﬁ ”Mmhww w%i %MM Emm:om_,_ w ...

i [ ine , im

oot ._ﬂ.u:mm”wm_ﬂmﬂ:mﬁnnmﬂq“nmwﬂm :Lmowwmﬂoimam the north, not towards the m<m”
w%ﬂhaﬁaz to the north of the eye are likely to form a groundwater cmq_mq ir
The hydraulic properties of the dolomite beneath the shales and quartzites z

be poor, with very litlle groundwater flow and .maqm@m. ¢ tows ot

7. lrrigation abstractions are likely to be m._,:m_oq om:.mm o e el
lower than would be expected due to rainfall variation a ﬁ o.: g mx..
variability in sewage inputs will play a part, but they canno o)
extent of the declines in flow at the eye.

echnical issues, which stand in the way of coordinated and united
factions, need to be resolved. These include estimating the rough size of

for Maloney's Eye, and the relationship between declinin
lows further downstream in the Magalies River.

e around the sustainability of the Steenkoppies groundwater resource and
oney's Eye should be captured in local and regional planning documents.
growing factor in spatial planning in the area for various sectors.

g flows at the eye

ement issues affecting the Steenkoppies compartment

the water “budget” for the compartment, and the associated flow of
ost important groundwater Mmanagement issue that needs attention, there
hical groundwater issues that should also be considered, and which have
1agement. These issues include:

vater quality in the Steenkoppies compartment bein
ng the irrigation with treated wastewater, the a
mmercial farming operations, and the poten
efunct mining operations in the vicinity?

the boundaries of the Steenkoppies com

€ compartment be affected by changes in
djoining compartments?

g affected by various
pplication of fertilizers and
tial impact of acid mine

partment, and how might
8.7.3 Proposed management interventions

the quantity and quality of
This study makes the following observations with regard to management acti

i i ta, whicl

[ tions are based on available data, N

koppies compartment. These observa ‘ e
Mﬂwh mqmwm However, it is considered that there is enough data to make cert:

recommendations.

tial for artificial recharge in the compartment, perhaps using treated

participation in the management of grou
esirable. This would provide all stakeh
ater users, environmentalists, etc.) wit
0 also help to ensure that the conc
anagement deliberations.

ndwater in the Steenkoppies
olders (e.g. farm employees,
h information about on-going
emns of all stakeholders are

1. Accurate estimates for o::min_m.._.mummoﬂ M_wmmm“““n”%“cmmﬂ%o“_ﬁuwm _"Hm”.”_o:m
ment need to be made, an :
w%mﬂ_wwﬂ (This issue is addressed in the ﬂ<<>_u 2008 :oﬂ_om.vﬁ s
2. A full inventory of all irrigation ”oqmzo_mm _M ﬂ.._ﬁ”wm“”“uuﬂ_.ﬁgmm__w ey
i the licensing issue. (This issue is .
3 ”.ﬂﬂmuhm_.:m in groundwater level monitoring ._._:mm:.:ojqw _:w H‘mo _M“Hmwmﬂ
. be reversed. If necessary new boreholes need to be drille .8_ m:2m<oa.
and the Maloney’s discharge point need to be .mnm:qmo_“ <_.oc:a<<m6_..
absolute elevations above a common amEB..z_o:_ﬁo::@ i %.03 .
basis for continued groundwater management in the compa :
f management interventions. . -
4, ”quo<moa rainfall measurements over the ma_m:x_om_ﬂ_wmmm :Mo.”::”m_am :
considered, which take into account both the total volu
events (e.g. tipping-bucket rain gauge system). s very I
5. Whilst it is difficult to agree on exact figures at Qmwm _mrmm -
. abstraction by irrigators is at least partly to blame 8_“ ec e i
Eye. Measures to reduce groundwater ma.m:.m.o:o:m e o ondl
although a gradual approach to .,Bu_mam..;m:o: is sugg
possible disruption to this valuable industry. o ceptudll
6. As new groundwater data is collected, the ﬁmn::_o.mﬁ " e (8
compartment can be refined, and Bm:m@m.am.wa __:m o e of i
abstraction restrictions) further developed. This is M %%Mv
“Adaptive Management” discussed by Seward et al. ( .

Nclusions

ment hosts one of the most val
8d agricultural industry worth
Deople. The flow of the Malon
ment. A steady increase in irri
Partment, and sporadic attem
fred have not been successful

uable resources of groundwater in the
three quarters of a billion Rand and
ey's Eye spring also depends on the
gation has taken place since the 1970s
Pts to resolve the water crisis in the

PProach to managing groundwater, as laid down in their document
’een followed in the case of the Steenkoppies compartment until
@ resource, whilst arguably never sufficient for such a valuable body
mmm“a in recent yéars — at exactly the time when declines in flow at

ational headiines (Business Day, 2007). Nobody knows exactly how
¥day for irrigation purposes, although DWAF is implementing steps to

i€ of the DWAF process depends on a sound

interpretation of
ata. However, at present no single conceptual mode

| of the aquifer is
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9 ASSESSMENT OF THE TARLTON DOLOMITIC AQUIFERS fontein compartment in th
: € north-east with the Rietfontei
ontein dykes as

9.1 Introduction ient complex and Witwatersrand Super-

; . Group in the east an
pppies compartment in the west with the Tarlton west d k d south, and
.nmn_.sm.a covers an area of 177 km?and is bounded c<. e
group in the north, the Zwartkrans compartment in Smﬁ.mm#
srand Super-Group in the south, the Holfontein compart o
endom dyke as boundary. partment in the west

In this section the hydrogeology of the Tarlton dolomitic aquifers is described.
essentially taken from the recent report by Holland and Cobbing (2008) and formec
larger DWAF project in which guidelines for the development of the main dolom
regions in South Africa were developed. The section of this document describing

dolomitic aquifers was referred to as Activity 13 of the larger project. i
y's eye drains this compartment and is a major source of water suppl
y

9.1.1 Background =2 :

The Tarlton dolomitic aquifers are the only readily available water resource for many f ,..;.1\\ e |

region and are also a vital component of the water resources needed for the expand a = ka

of the urban complexes of the Mogale City Local Municipality. The investi o Ll r.w._\r,g_n Mhumanking
. 2l el 21Ny

o

understanding of this complex compartmentalised karst aquifer has become crucia 55 m : g
R BRI TR | -

first mine water started to decant south of the area near Krugersdorp in August s sl ._ e A bk g
rebounding water table has led to significant pollution of groundwater in the abandg LR e e DR )
areas. Acid Mine Drainage (AMD) caused by the oxidation of sulphides, results 7 -y ﬂﬂ'ﬂaﬂuﬂaﬂv s :
heavy metal concentrations, a high sulphate content, an increased electrical condu B Vi (b e _
lowering of the pH of the water in the mining area. In addition to the mining activities 4
water treatment plants (municipal sewage works) are located in the catchment, &
agricultural activities are carried out throughout the karst basin. The tributaries of th
play a major role in assimilating or carrying off the mining, industrial and municipal}
together with run-off from agricultural land. These waters enter the underground ;
through swallow holes, dolines and leakage from river beds. Such inflows are chal
karst terrain and pose a threat to existing surface and groundwater in the area. |
decant is immediately south of the Cradie of Humankind World Heritage Site (CO "
hosts a vast treasure chest of fossilized remains of past life forms, particula
(humans, their ancestors and relatives) found in over 200 karst caves. To ensure
status the Cradle of Humankind requires a sustainable balance between U
protection of the water resource.

fie=

fages
AL R 4

Fins MR .\1,..
. Y { of -
L

S A
Randfonfpin

IR
%
=
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9.1.2 Study Locality

The study area shown in Figure 9.1 is located approximately 40 km northwest of J
and includes the municipal areas of Mogale City and Randfontein. The adi - : |
investigation are formed by the Malmani dolomite formations of the Chuniespo9 . ]
within this Group that karst formation has occurred. Dykes that form boundaries 10
flow cross the dolomites, creating isolated hydrogeological compartments. The

Dolomies

focuses on the Zwartkrans compartment to the east of Tarlton and the . 4 Legend =
compartment towards the west of Tarlton and includes the dolomitic outlier (foo Bfiairs and Foresiry 1(%_“ o Mow“w;. Simphtied Geology
towards the south of the main dolomite limb (Figure 9.1). The Zwartkrans compag | H = tix o R ue mﬂhwnﬁm
an area of 178 km? and contains the Sterkfontein and Wonder caves, and the B Doy cssment ot | i e Maimam Dolorle
Danielrus, Kromdraai and Zwartkrans. 3 — econdars R
/\ PROJEC Ty Chrthe Sy 7 THapo; <

The Zwartkrans compartment's hydrogeological boundaries are: ﬂl. o 1 - “ ;mw _

- the Pretaria group in the north, . ————— ,\\

: Locali
ty map of the Tariton dolomitic aquifer region
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Emphasis will be placed on the more impacted Zwartkrans compartment as mqg
activities occur within this compartment. However, the Steenkoppies compartment hag
much more attention during the last year due to the declining flow of the Maloney's ey
require at least an overview of the current status of the compartment.

of Study Area
d Drainage

study area is generally flat to gently undulating, with plains, slopes and
fests. The gently undulating landscape of the area is often 5_6:& ted b

al differences which is attributed to different erosion and Emmﬂ:m. .
)and of dolomites and their associated breccias. The chert-poor cﬂmo
pography covered by red silty type clayey soils devoid of chert, The o_..m__m
an uneven topography characterised by dissolution openings and

> with red silty and brown manganiferous soils (Obbes, 2001). The a .
: mm.. with more dense vegetation along the rivers. The m.cnmom _MmmEa aw
Bppies dolomites can often be related to the sub-surface cmmw y

8ys of surface drainage coincide with fractured zones in _Amwmgq_ :M
ty & runoff drainage suggests high recharge and a predominanc _m*
.E:_o_._ eventually drains into surface streams at topographic | .

to diabase dykes or formation contacts, ’ e

91.3  Approach

This desktop geohydrological study is based on the processes and activities g
Volume 3 of the Guideline for the Assessment, Planning and Management of Gre
Resources within Dolomitic Areas in South Africa (DWAF, 2008), which will ensu
deliverables are met. The desktop geohydrological assessment utilised the following i

the 1:250 000 scale geological maps 2526 Rustenburg and 2626 West Rar

L}
the 1:500 000 scale hydrogeological map 2526 Johannesburg and its base
aeromagnetic data for map sheets 2627BA, 27278BB, 2527DC and 2527DE

e technical GH reports by DWAF's former Geohydrology directorate;

water level monitoring data extracted from the National Groundwate
{(NGDB) managed by DWAF;

» groundwater quality data extracted from the NGDB,

jover quaternary catchments A21D and A21F, and forms part of th

_u..m<m~m3 located within the Crocodile (West) and Marico w ﬂm
.”_o:cma by the Department of Water Affairs (Figure 9.2). As m:oim w_.
115 compartment is drained towards the north-east c<. the Um_.m:”_._%_
_H:m :ﬂumq m_mm:écm:xmuﬁcz .m__m.o termed the Rietspruit, drains storm
.03 the town of Randfontein in addition to some 8.16 Mi/da f
fige, 2006) from the Randfontein Sewage Works _"mozmar For mwsw

l2ins constant, but disperses into the und
er,
rench fault system. ground network as soon as

relevant and appropriate scientific reports commissioned by local a
developers.

9.1.4 Methodology

The objective of a desk study is the collation, scrutiny and evaluation of &

relevant meteorological, geographical, geological, hydrogeological and groundwate
The primary task involved the gathering of information and data relevant to the dolo
in the delineated study area. The desktop assessment is based on the followin

related to groundwater:
+ Geological and hydrogeological maps,

| :wmnﬁ _. m:a szcmzﬁ_ tributary on the karst hydrology, is the
5 aﬂﬂﬂ%mamwvﬁm_amﬁm.:\ 45 ._AB to the south of the Krugersdorp
. :w.o:._;_o outlier. This dolomite outlier is associated with
e mﬁ_:n“u. water from the m._a Black Reef incline mine shaft
s e <<:= y the polluted mine water was treated through a
e ell as .mmoo:n_mQ treatment through a wetiand system.
e ooﬁmw::ﬁ:ﬁ dam m_.a pumping stations downstream,
g ﬁsmﬂ mine Smﬁmq during periods of high rainfail and
w_o:@mﬁmuEzs ﬂ . :m.ﬂémm.ou.m.au&:. The second major tributary of
o m:M ich is responsible for the drainage of 19.3 Ml/day of
- rou ﬁ_wom _.c:-% _qz.us the industrial area of Krugersdorp
" € quartzite :___.m_ passes the Percy Stewart Sewage
eam flows off the Witwatersrand Quartzites and onto the

* hydrogeological reports,
geophysical profiles of exploration and/or monitoring boreholes previ@
the area,

¢ groundwater quality data, and

e other aspects, including information on land-use planning and P
requirements.

This information is used to establish a background or baseline geological and

reference for the identified study area, including possible boundaries for the &

system associated with the distribution of compartmentalising dykes, together

potential aquifers within the catchment. The information obtained will be collaté

balance, indicating water availability and water requirements.

ent j .

. aﬂ m_.wmmqw_ﬁzwsamnﬂ\_sm_am =_5 north and forms the upper catchment of

B o aoam%. oney's Eye E.mv. The Maloney's Eye dolomitic

- Ty ic émﬁmﬂ m_.._nb__m.m m_.ozo the Magalies River. The
at undulating plain which is virtually devoid of surface
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for up to five months of the year and hail falls often. Climatic data of four
s closest to the study area is summarised in Table 9.1.

A2 ‘stations in the study area.
- - . infall . oooz__:m»mm. Elevation Rainfall (mm)
- - P J.w..._*m 7 cord Latitude Longitude (m.a.ms.l.)
o a2 Scurrent | -26.1000 | 27.7700 1480 723
] A 5Dy A current | -26.1300 | 27.7000 1710 675
_u_.w mi.rc. uth African Weather Services (Pretoria)
- .»C/. 5 .“_q.. ..J.W. g !
_:r.,,c oy e Jvnﬁﬁ e vapotranspiration with a mean annual evaporation of about 1700 mm
Mt e - ‘. : | which exceeds the average annual precipitation by a factor of 2.4.

potranspiration is much lower as the shallow soil cover limits availability
s, which causes excess soil water to infiltrate below the root zone,
ter reservoir. Large parts of the study area comprises of small holdings
ivated land and built-up urban development. These land uses have
tation which was identified as Central Variation of the Bankenveld veld

Kromdraai
Zwartkrins

StarkfonteifCaves

A

L A SR T
SN ESTTIE T

id encompasses a wide spectrum of activities, more specifically:

Iry land farming (mainly maize and vegetables) with numerous poultry
fontein poultry) and some stock farming along the Blaauwbankspruit.

unww:wcrvwwu
Compuriment
and and for refractory clay and brick making.

idings and smallholdings, e.g. Oaktree, Marabeth and Elandsvtei.
ents, e.g. Botleng, Davyton and Etwatwa.
trial areas, e.g. Delporton.

C23E 2as, e.g. the Krugersdorp Game Reserve.

Batment Facilities, e.g. Randfontein and Percy Stewart.
STUDY LOCALITY

Legend Topol

Department of Water Affarrs and Forestry Place Names £ Quaternary
2 o Urban Areas .L
2008'01/08 | MH Ad _ ® Spangs Mining Are2 Lo
Geohydrological assessment o1 | | ™ Rivers .~ Companment Boundadl
Figure 21 the Tarlton Delormes, "_ 5 ; 8 geomorphology have been created by the interplay of ancient and

Mg i PR BTN

SOURCE Careciorale Survey snd Mapping
| PROJECTION GT5 WGS 1984 |

: |
ST < Vi w = |

Pret

lithologies that have undergone many episodes of deformation.
of the super-continent of Gondwanaland (250 million years ago), the
d into a high interior plateau and the overlying Karoo cover rocks
Fby erosion to reveal a pre-Karoo palaeo-karst surface (King, 1963;
_ ..Emoam of quaternary regional up warping on an East Northeast
IS has caused significant drainage reversal over the whole karst
©au has tilted slightly towards the north and the younger streams
: 1orthward draining gorges, capturing the previous drainage pattern
ﬁ._:m_ weakness. Renewed karstification of this rejuvenated surface
BiStocene period accompanied by climatic changes of the Highveld
On et al., 2004). The dolomite is frequently concealed under a thick

Figure 9.2, Surface water catchments of the study area.

9.2.2 Climate, Rainfall and Vegetation

The climate in the area is typical South African “Highveld”, o:mﬁmoﬁmzmma”c_ﬂ_mﬂ_.
when 80% of the rainfall is experienced as thunderstorms, and cool dry winterss
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7 Major Faults

Rivers

tithology

Formations
Alluvium

Rustenburg Suite

Rayton Formation

Magaliesberg Formation
Silvertan Formation
Daspoort Formation

[ strubenkop Formation

Hekpoort Formation
Boshoek Formation
Timeball Hill Formation
Cherl Breccia

Malmani Subgroup (Unddf
Black Reef Formation
Venteradarp Supergroup
Cential Rand Group

West Rand Group
Dominion Group

Bushveld Igneous Complex

Halfwayhouse Granite
Granite and Gneiss
= Jamestown Igneous Suite

CLIENT

ind stratigraphy in the study area show a variety of rock types. The North-
e Zwartkrans/Steenkoppies compartment runs along the crestal ridge of
e of the Timeball Hill formation of the Pretoria Group. The South-eastern
e Western part of the Johannesburg granite dome and its associated

itwatersrand formations forming the faulted rim of the Witwatersrand
estern flank of the Johannesburg Dome with a disconformable contact is

i the Transvaal Super-Group consisting of the Black Reef Quartzite
| Zwartkrans/Steenkoppies dolomitic compartments.

Department of Water Affairs and Forestry
HECKRED FROJE!
7/10/ MH 2006-373
LE
1
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2007/10/02
DRAYANG
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Figure 2.3
i

P.Cr. Box 40

Faerie Gien

7
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F
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/ B Syente Diabase

Kromdraai

N
T

ez
—
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o
Krugersdoop,

———

——1[|"" REGIONAL GEOLOGY

S in the northeast act as hydrogeological boundaries with numerous pre-
pervious dykes subdividing the dolomite into ‘compartments’ isolated
iach other, especially in the centre portion of the study area (Figure 9.3)
of chert, the Maimani subgroup has been subdivided into five ao_oB.Em
d lithostratigraphy is presented in Table 9.2 and a short cross-section
outlier in its relation to the major dolomite compartment and the

Ip is illustrated in Figure 9.3. The geology pertaining to the study area is
lorder, from the oldest to the youngest formations.

Lineaments

: 2d from the Council for Geoscience for the 1:50
A, and 2627BB was used for the identification of linear anomalies in
hese magnetic anomalies was compared to the dykes mapped by
and the :.zo dyke sets mapped by Obbes, 2001. Obbes (2001) noted
anomalies of the north-south trending dykes north of Tweefontein

‘ ._<m aeromagnetic anomalies of the east-west trending dyke, which
N the Zwartkrans and Tweefontein compartments.
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Table 9.2. Lithostratigraphy of the geology of the study area (SACS, 1980:205; Foster
2001}, Legend N
N&: » .l%r..
R —am S [ ] RO -
m: er |_ H o B |~ Lneat Aramoties Mappag ™
P Group Formation Thickness Lithology Fuer
Group (in m) . M,A,Ha?“.?:
- —— e Y = = Dolomdiz Dukcrop
Diepkloof " :Amqo,.u-momv o.ﬁ.z breccia with siliceous ;
ferruginous matrix.
[ Rayton 120 Shale, quartzite.
Magaliesburg 300 Quartzite.
Silverton 600 Shale.
< Daspoort 80-95 ; Quartzite.
o R — o
m Strubenkop 105-120 | Slate.
T = ==
wn. Hekpoott 340-550 Andesite.
a Shale, Diamictite, Klapperkop Quartzite
M Timebail Hill 270-660 quartzite.
W Graphitic and sitly shale. RS S DrT
n 3 i .ml 1tment of Wate: Al
M Rooihoogte 10-150 O...m:.u:m. Shale, Bevets Conglomerate B S —
o Breccia. Ll _....I 2008.37)
\ Chert-free dolomite with some prima Faue 24
o Sl carbonaceous shale at the base. P
. Chert-rich dark dalomite with stromatd Sl AL
" Eccles 490 b c . SERGE Camicl o Gronrimcrs w1 o
o ands. C hert increases to the top. [ -
Q Chert-free dark dolomite with large st etic data inter .
H r .
m Lyttetton oL sometimes with wad. pretation (Sourced from: The Council for Geosciences).
= . Alternate layers of chert-rich and che! p
2 R 740 coloured dolomite with stromatolites & ..m_:x:o_mm.mza fissures are located on the WNW shear .
© Chert-poor dark dolomite with interbéd lous bedding of sub-paraliel mylonitic cherty si i zones and in
Oaktree 190-330 | carbonaceous shale at the base, dects bhase of rejuvenating of th Y slate horizons (Jamison
and sometimes with wad. plift along the o:n:m_msa ._._.mmmm _"_._moEﬂmm occurred as a result of
B N e ) - _..—m<mm mx. .
Black Reef Quartzite 1130 | Shale and Quartzite. Arkosic Grit ra, which initiated the present Karst o _m_ (Partridge and Maud, 1987),
n_u.‘M _ ycle on the Craton interior.
o . . Andesite tuff, conglomerate calcareo -
W Undifferentiated ? - . _ﬂ:ﬂ only compartmented by near vertical dykes and silicified f
' alle i i3 icifi
&0 \_ ductile mylonitic thrust planes and refolded fold o e
= 7 ré reopening in the Tertiary epei : folds (Holland et al.,
m WNW trending fracture zones ﬂmm_moom”_o walping of the dolomite
s : enhanced
EZ 2880 Arenaceous, rudaceous rocks. ® ensued. The present cav and a new cycle of
z 2 d es and Karst features would
o | perched water tables, and i - would thus be
m ° 3 2004) controls comple and an inherited structural and lithological
= = ex re . .
7] =0 . : charge and flow regimes within and
m m W Undifferentiated 5150 Quartzite, reddish and ferruginous
m \|L| —— Jverview
= rd
= S n
W ? Quartzite, conglomerate, shale, inte
s 4
(a] dlage sy .
!’ h | F I————— | @@mwﬂm _..__@—J ﬂmO_Jm-.Qm and a U-.QQO_‘.:_.DNDOQ of water flow

¥ drains in
_|_w.pmm=mmoohv_._w - to surface streams at topographic lows or emanates as

Ologic/formati
A on contacts. Th i .
I chert content. The © formations of the dolomites are

tial residue of silty cla
8rs faster than the ch

chert poor formations weather evenly to
y. ﬂ:m. chert rich formations weather quite
ert leaving the rock supported by chert
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ly favorable for large-scale development of groundwater. The overlying

very low primary permeabilities and signifies weakly developed
2s along faults and fractures. Once the dolomite is exploited excessively it
tetoria Group will contribute groundwater to the dolomite (Kuhn, 1989).
tion between the dolomites and the undertying Witwatersrand and
tdue to low permeability values in these underlying rocks.

alisation

§ are formed by crosscutting dykes that act as barriers to groundwater

drogeological compartments. The major compartments according to the

studies conducted on the Tarlton dolomites by Foster (1984), Vegter

0 et al. (1986) are the Steenkoppies, Zwartkrans, and Tweefontein

krans and Steenkoppies compartment were subdivided into smaller

ledenkamp et al. (1986) based on field surveys, aeromagnetic data,
1d water level measurements, Recent studies by Holland (2007) clearly
e dyke structures in building compartments and sub-units in the
although the extent of leakage through the dykes was not established.
these dykes are not totally impermeable and an extensive lowering of
indwater abstraction could clarify the extent of leakage through these

~u "~ .
o M iy o~ e nf.mui
- -
= Sy Iflllfllwll b2 " - X

., e TP ) groundwater interaction it js important to point out that the decanting
S s A Y ..u..m-.@w”.:..w.m. - eF is situated within a dolomite outlier that is separated from the
O IR o u.n.-.,.f,.f Dy the Black Reef Formation and sediments of the Witwatersrand
.l....llt.f e ll.nit.-...rlll...‘ :l.x.. A A . . . . R
AR = ..ﬂ...,.....,.....vu . acturing of these rock formations might suggest that this barrier might
=3l W, o A 3

and sub-surface movement of contaminated water is possible. The

haracteristics as the dolomites discussed in the previous section but
Bducts such as silica, iron and manganese oxides and hydroxides
Solution of the dolomite. This residual mass is also spongy,

% and has a high void volume (Van Biljon, 2008). In an effort to
daths from the min

e workings a geophysical investigation was
& ’ — 008). The aim of the gravity survey was to determine preferential
- . Legend thered paleo-vaileys (or grykes) in the dolomite bedrock. From the
SHEAR ZONES ered Ll AnsmaRte ) 6 RG3) were drilled into the weathered zones to act as scavenger
Department of VWater Affans and Forestry __ Jamison (2004) iCient drawdown to prevent contamination moving towards the
- T e o - - Field Mapping . KGR). It is unclear if this process has been started.
20080108 | MH 2008- - Fractures from LANDSAT imaf
" Goohydiokgial assessment of
Figure 2 5 the Tarflon Dolomites e S
P ale Survey and Magpn) .. q . . .
” rences C 5 PROJEG Tion CES vros 1984 .ww continuous groundwater level monitoring stations up to 2005
PO Bo- < /t\.,m, . . : tored up to the |atter part of 2007. All of
. ﬁ ,~. — ES—

these target the dolomitic
e Ste

enkoppies and Zwartkrans ¢
ison € it .

Figure 9.5. Locality of Caves in relation to major faults (data from Jam itic groundwater Compartment are presented in Table.
its own

i ther and collapse under i _

. Eventually the chert will Emm. ‘ reater |

me%M\.HM_mm coarse chert breccia. Chert rich formations develop a g L

P

eathering-
fissures and fractures, which will enhance the process of w

N
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9.3.3.1 Groundwater Fluctuations
in of the groundwater resources in the

The statistical analysis of the dolomitic hydrostatic behaviour since the mid-1980g water level change colu : region. This is clear ly illustrated in
: . : mn in Table 9.5 with :
in Table Table 9.49.4. Although sub-units C, F and G do have a number of accessi nt showing a lowering of the - three stations in the
no long term monitoring records exist. umulative change in groun dwater _m_. ﬁm_.c__ﬂm of more than & m. Table 9.5
. evels for the each sub-unit del; )
Table 9.4. Statistical analysis of long-term groundwater level data for selecteq ! Am%mmma ”_V ”msn_\. Sustained the greatest decline in EmwMﬂc_M,HM Qm_._:mmﬂma.
dolomitic aquifers. - Nawral groundwater level f i § Since the
uctuations of s AT
o ient do not exceed 6.3 m, however, ay erage aro tations within the
Depth to Mw«o::nivmﬁ_. Level Groundwat in the (AZ) Steenkoppies compartment groundwater level declines
Sub- . m.b.g.s — .
Compartment Unit Station ._cao.m 6. dolomitic aquifer hydrostatic o
Min. | Mean | Median | Max. | Maxan| © viour based on Table 9.4,
No. of Groundwater Fi :
-Unit r Fluctuatio
A | A2N553 [ 5830 | 64.12 | 6424 | 7124 | 1294 Stations Range of Mean i
A2N556 | 4404 | 4942 | 4885 | 5832 | 1428 Fluctuation Fluctuati Mean Cumulative ah
B | A2N598 | 56.43 | 6036 | 60.03 | 64.17 | 7.74 2 12.94 to 14.28 = change
o | A2NS84 | 2247 | 2653 | 2671 | 2883 | 636 1 -5.68
A2N586 | 2465 | 2739 | 2735 | 2935 | 47 I
A2N590 | 3406 | 3556 | 3564 | 3673 | 267 6
AZN592 | 7546 | 7751 | 7752 | 7885 | 3.39 1
AZN6OO | 2326 | 24.62 | 2463 | 2553 | 227 4
Zwartk 85310 31.7
wartkrans | E | \oNg02 | 53.10 | 5502 | 5513 | 5649 | 3.39 3 VTR 2 468
A2NGO5 | 60.80 | 6271 | 6287 | 63.90 | 3.1 7 39 e g 2.99 proyoy
A2NBO7 | 6435 | 67.91 | 6753 | 7193 | 7.58 : 26 5.1 Sl
H | A2N583 | 44.00 | 44.96 | 44.86 | 4584 | 184 :

A2N576 | 30.21 | 4662 | 48.89 | 6193 | 3172 he fluctuations observed
A2N579 | 23.06 | 2670 | 26.85 | 30.00 | 6.94

A2N580 | 5030 | 5474 | 5450 | 60.90 | 10.6
A2N582 | 3490 | 39.88 | 39.96 | 4343 | 853
A2N558 | 7.30 856 | 857 | 958 | 228
A1 | A2NB59 | 5.82 789 | 794 | 892 3.1

Hgersdorp weather station were used

A2N572 | 67.93 | 6954 | 6947 | 71.79 | 3.86 e based on t .
AZNG66 | 56.90 | 58.86 | 5891 | 6172 | 482 | . he preceding graphical information:
A2N567 | 57.78 | 59.21 | 59.10 | 61.80 | 4.02 Sitive” effect is ey 3 .

Steenkoppies vident in response to r :
A2N610 | 5880 | 60.66 | 60.70 | 6279 | 3.9 and A2N582 between 1 993 and 2003 echarge from rainfall gt
A2 | A2N612 | 5415 | 5592 | 5594 | 59.72 | 5.57 Water jevels 03; thereafter a steady decline i

A2N614 | 6493 | 67.79 | 6805 | 7040 | 547 : cline is
AZN615 | 64.90 68.78 | 69.00 | 71.18 626 | d A2N582 indicate a less pronou
A2N616 | 6573 | 6890 | 69.44 | 7127 | 554 [ Nt storativity. nced response to rainfall and

The resultant dataset only includes the longest and most up to date recok
groundwater level measurements in the study area. Irregular data and anomalot
removed from the water level series. Table 9.5 and Figure 9.8 summarises
statistical analysis presented in Table 9.4.

t the year.
A comprehensive indication of dolomitic aquifer hydrostatic response trends ge
provided by the hydrographs presented in Appendix 9B. Initial observation
groundwater level trends and Table 9.4 was a notable decrease in cumulative Iready exists to define the direct
the onset of monitoring. Considerable groundwater level fluctuations ares In Contrast litile o no _:_“ozsm.“" on of @ﬁo.::asmﬂmﬂ movement in
Zwartkrans compartment with values exceeding 13 m. Observed natural Mpartment, The general groy ﬂ_“_o: regarding groundwater levels
fluctuations are of the order of 5 m, reported by Hobbs (2004) and Holla .ﬁoémam Maloney's m<mn3 ndwater nos\ of the Steenkoppies
Rietvlei, Witkoppies and Bapsfontein dolomitic aquifer located south- ations across the study m_.m.m UMM _,M 9.8 is used to visualize the
Considering the occurrence of extreme positive groundwater level responses _m H.:m SUmmer of 2006/2007 b HM o:.mw m.ﬁmzo water levels in the
several meters, any further fluctuations could be attributed to significant S in the Ste Y the University of Pretoria (Holiand,

enkoppi
OPpies compartment based on the NGDB dataset
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Presentation of the mixing that
it of the water quality in the karst catchment (Group “A” in Figure 8.12).

_.»:_,mmm:aémacma.:..n:mzzm_. dolomitic groundwater (Group “B”),
& and groundwater influenced by acig mine drainage (Group “C") ang

equivalent mole ratio of Na/Cl larger than one, clearly deviating from
ay et al. (1983) for Atlantic rainwater (0.81 -0.90) or seawater (0.86).
Dearing strata ang based on observed high chloride concentrations at
N of the waste-water treatment plants the Q_.mﬂ_.:o:..\m_w elevated chiorige

lated to waste-water treatment return flows (Holland and Witthiiser,




indicator of the quality of South African dolomitic %qocﬂoaéww_ohrwhﬁ_ﬁnﬁ,ﬂ ,M_%H_KE ol stability of the karst system and there exist a real threat of excessive
than natural or pristine dolomitic groundwater due {0 p Cliviti a. In order to preserve the cave systems it is essential to identify the most
areas. stablish monitoring programmes accordingly. Recent chemical parameters
ehole at the Sterkfontein caves indicate sulphate, and chloride levels of
ol espectively, undoubtedly indicating anthropogenic impacts.
$ : .
2 rces Evaluation
u. . Use
; 380 o L% ta sourced from the DWAF's Water Authorisation and Registration
* gt (WARMS) yielded a good indication of groundwater use in the Tariton
# ts (Table 9.7). It is important to note that this data has not been verified by
._M ges; therefore evaluation of both the groundwater water data should be
. . :
o WARMS-based groundwater use information (2007).
i j Area No. of Registered Volume
it (km?) Users (m?® fannum) Water Use Sector
o . ; \ 43 6 276 326
) Agriculture: irrigation/livestock
., Pe . 7.4 6 253 780
s r..,. LS iy 53 3 215 458 Agriculture/ndustrial
. [ ]
@ * . ; ..u ’ . 14.4 1 12 280 Agriculture: irrigation
g A 46 16 1538 438 Agriculture: irrigation/livestock
. ¥ S . M T I : 60 5 44 321 Agriculture/Industrial
. . ' : e ) - 7.2 25 1048 384 Agriculture: irrigation
: i in the area under inv 2.8 S - -
i . Piner diagram showing the main water types i :
Figure 8.12. Piper diag 306 | 67 5379 961 Agriculture/industrial
9.3.6.2 Potential impacts on caves TOTAL: 8768 948
. i 438 21 1768 943 Agriculture: irrigation
: i i ays. Since many ¢
i cave ecology in several different w . D
Pollution can 5=:m:oﬂ . om,\ém"m_. antering the karst system and rech | 119.2 24 5619429 Agriculture: irrigation/livestock
dependant on e o i effect on cave ecosy 14 1 1788490 Agriculture: livestock
caves reservoirs could have a devastating and 6:@-63.4 ing has damaged til O 5775362
o i nd dolomite mining has i
Durand (2005) indicated that limestone and doic . . Il
:_._Bmarmw caves in the Cradle of Humankind including Sterkfontein, Wonde GRAND TOTAL: 17545 870

Bolts Fam and Gladysvale. The decanting of Acid Mine Drainage upstre

threatens the structural stability of the karst system and ”:ma .wMMmMm_.MM%_M %mﬁm_. abstraction volumes and localities are indicated in Table 9.7. Taking
T i to preserve the cave systems | ata into consideration, the information nevertheless indicates a large
xm_.mﬂ.&omgo: . E_Mmmﬂmw_u___”_,mmﬂwﬂszoﬂ:m programmes accordingly. Recent ch groundwater users in the both the Zwartkrans and Steenkoppies o_o_oz.__wo
MM_”M__”_MM MMMJMM borehole at the Sterkfontein caves indicate mc_nrm.ﬁm” and I reports by Vegter (1986) and Bredenkamp et al. (1986) suggested much
154 mg/l and 55 mg/l respectively, undoubtedly indicating anthropogenic impa @bstraction rates for the Tarlton dolomites. Groundwater abstraction for
ed at 15 Mm¥a and 13 Mm¥a for the Zwartkrans and Steenkoppies
9.3.6.3 Potential Impacts on Caves =<_,“m_<. More recent groundwater abstraction estimates by Schoeman &
o . the Zwartkrans compartment was based on the amount of water required

: i ifferent ways. Since many i partme q
Pollution can influence cave ecology In mm<mhm__h_ﬂﬂm xm_,mﬁwmﬁmqs and rel 'Mgation from satellite images. This method revealed an estimated
n of water m_..n_o_w:m-ﬁm:: offect on cave ecosy 4.08 Mm¥a. However, Krige (2006) estimated a value of 25.5 Mm%a and
g an : Bm,m mining has damaged th ﬂms and associates did not include all areas under irrigation from satellite
olo luding Sterkfontein, Wond : :._m. validation of true abstraction rates in the compartment this component
Mine Drainage upstr m:m_q and should be addressed. Based on the decline in water levels (up to
Sections it is fair to assume a conservative groundwater abstraction rate of

dependent on water, the pollutio :
caves reservoirs could have a devastatin
Durand (2005) indicated that limestone m:a.a :
numerous caves in the Cradle of _.__._Bm:_.c:n_ incluc
Bolts Farm and Gladysvale. The decanting of Acid
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18 Mm¥a in the Zwartkrans compartment and 16 Mm®a in the Steenkoppies comg
evident that numerous borehole owners are not registered groundwater userg :

21(a), taking water from a resource.
9.42  Surface Water Use v — 4
“ L =T, -
z 1/ =3 |
An evaluation of data sourced from the DWAF's Water Authorisation ang E .\\ g : E
Management System (WARMS) yieilded the summary of surface water ug : I & 1 M ~ -
presented in Table 9.8. M,\Mg m .m. S5
Table 9.8. Summary of WARMS-based surface water use information (2007). ..m hm m W @
. Area No. of Registered Volume r .\\n £ =
Compartment/Area | Sub-Unit (km?) Users (m*annum) Wate ,f\ ye T _
D 14.4 1 23 100 7\ : um. <
E 46 2 97 662 W/ =
F 60 5 813 540 2 -
Zwartkrans G 7.2 1 253 125 2 Nl
[ 30.6 24 2266 983
TOTAL: 3454 410
In the absence of surface drainage channels abstraction from streams or #
complicating factor in the case of the Steenkoppies compartment. In contrast -
compartment’s rivers do carry surface runoff and effluent disposal from both mil
water treatment activities. The dolomite aquifer contributes substantially to g
flow, where there is direct hydraulic connection with the river and where sprin

source of streams (Holland, 2007). As a result large scale abstraction for irri
occur along the Blaauwbankspruit river course (Table 9.8). The Danielsrus, :
Kromdraai springs discharges at about 0.1, 8.1 and 0.9 Mm®/a respectively fro m.
F (Figure 9.14). Increased unsustainable groundwater utilization could reduce
spring flow, which will be detrimental to surface water users downstream. Monthl
station A2H010 Maloney's Eye is illustrated in Figure 9.15 and clearly indicates
flow during the last couple of years. Monthly rainfall data is obtained from
weather station. DWAF (2007) reported a decrease of the Maloney's Eye spfil
Mm3/a to 4.5 Mm®/a as a result of abstraction from boreholes in the dolomite
spring. The decreasing flow of the Maloney's Eye and the diminishing flow fuf

has been a cause of great concern for both the authorities and registered waté

Inage

Draj

ne

3

L1

AV
"PRandfonein s~

Randlontsin

flow simulations of the Maloney's Eye by DWAF (2007) have revealed a negati
for the catchment and increased recharge occurs from the base of streams a . 2
aquifer during dewatering. An immediate protection zone of 3.5 km and a S€ 1 . =7
= P
. _

5 km for the spring flow have been delineated. Within these zones, abstractio
while compulsory licensing is essential as an immediate measure to protect the

2007).

T
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for Groundwater Resource Directed Measures (GRDM) mmmmwmm:wnjoﬂ :macmq of
as early as 1986 (Bredenkamp et al., x_wmmw have documente a_” =._M _:oﬁ of th
due to large scale irrigation and mcmqmoﬂ_w: qmﬁm far mxmmw om i ﬂmm of
recharge. Consequently any further exploitation qm__mm exclusively * Em ﬂ3 s“_mﬁmq
the various dolomitic compartments and sub-units. A m:_.::._mé. n” moow h”“: ”zmﬁ
availability and recharge is illustrated ..: A.mc._m 9.9 1t Amem q_.3%@ amoﬂmmm._ﬂ oqm.
determined in the 1980s for the dolomitic aquifer and Ummw .Ho he decreae ] m:s..
Table 9.5 provides a reasonable indication of the amount of storag is

Table 9.9. Water balance information for resource units identified.

Potential Recharge Groundwate .
Storage {16% of r m.M::m .
ow
. Mcn“ Aﬂ”ﬂ upper >J::m“ Abstraction (Mma)
Unit ni 5m , _ﬂm_:wm: :s_.:w_._mv
:s:._uv (Mm fa)
A 4.3 2.15
B 7.4 37
c 5.3 2.65
D 14.4 7.2 00
Zwartkrans E 46 23 16.8 18.0 .
GRU 1 F 60 30
G 7.2 3.6
H 2.8 1.4
l 30.6 16.3
9.0
Total | 178 89 16.8 18.0
Al 2 21.9 s
Steenkoppi A2 119.2 59.6 15.9 16.0 15.
es B 14 7
GRU 2 o 177 | 885

n
= As determined by Bredenkamp et al. (1986) for the mmﬁam:wﬂ mw_nw”ﬁ_w mu%%}
i i i sac

i dorp. Aquifer porosity determined a .
aquifers west of Krugers ull .
#  Based on the mean cumulative water level change within each su (

determined as a conservative 10%.
- No groundwater level measurements.

0.4.3.3 Emergency Supply Potential

iti in
The emergency supply potential investigation of the ao_o.B_:n omﬁcwm_ﬂwhw :
ianificant volumes of water available in the Tarlton dolomites m.._._ o
MQM and A2. In most cases it was suggested to E_u_< exploit only wwmmim_wm q
Q.:mﬁ@:@ supply purposes. >oooa3m_x only 74 Mm°/a m:amm.._w gmﬂmmsxonumm
an emergency grounduter DOCTUE L O e avatabe sorage i 19 U8
ctively. Based on Table 9.9 aim o -
M”Mu%o_oaho aquifers has been utilised. Any .mBmBm:.Q m:_uv_wmwwﬂ_uﬂﬂmwz o
the upper 10 m of storage, however ﬁ_jm risk for md:x%om e reason
significantly increase and most springs in the area .€___ _.< “_%m e oopies ©
exploitation supply could be obtained from sub-unit A2 Sn,. e e .
and exploitable storage in the upper 10 m of ‘_mo.nm 7H_3 mo - mxu_ozma -
this amount may have decreased to 120.3 Mm” according

Table 9.9.

ncy of data in some sub-units it remains clear that most of the dolomitic
units of the Tarlton area are stressed aquifers. Any future groundwater
vily on our ability to accurately predict the responses and status of the
estigation. In some situations no further groundwater should be allocated
enforced restrictions of abstraction. On the other hand increasing

in certain sub-units (e.g. sub-unit H) could intercept the polluted mining

neighbouring compartments. This will however require proper monitoring
ater quality and groundwater levels.

ement

racteristics of the host rock, water resources in dolomitic areas are
to over-exploitation, unsustainable practices and pollution. This
he potential impact of land use on the dolomitic groundwater resources.
d management as described within the Dolomite Guideline by DWAF
rrelated steps that will assist in the sustainable development, protection

groundwater resources and will assist in achieving the overall goal of
s management (IWRM).

ues

echydrological assessments have been undertaken on the
mites (Van Biljon, 2005; Krige, 2006; Hobbs and Cobbing, 2007:
007). These assessments provide a valuable overview of the water
water quantity and quality) within the Tarlton/Steenkoppies dolomites
allenges related to the management of these aquifers. The
omitic aquifers have been extensively impacted by mainly three
ecanting of acidic mine water associated with gold mining activities in
sediments, 2) discharge of inadequately treated sewage from the two
nts and 3) run-off of fertilizers and livestock excrement from the
ition to the identified pollution risks, exploitation of the aquifer has
oundwater levels in both the Zwartkrans and Steenkoppies
ation of the dolomitic aquifer has increased costs associated with
a detrimental effect on springs and other groundwater-dependent
nown as Maloney's Eye in particular has significantly lower flow rates
S. In terms of technical management of groundwater, particularly with
groundwater data on which key decisions are based, the following

reliable groundwater level monitoring (more specifically in the
mpartment).

.0c:a<<mﬁmﬂ quality monitoring points need to be verified and updated.
Ion of abstraction.

o:omuEm_c:amaﬁm:am:@oﬁﬂ_,_mao_o_.:ao aquifer, the following
actors is needed:

inage of the total area.
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Leakage between compartments (Steenkoppies/Zwartkrans) and oytf

_ m

wallow holes and leakage through the river bed. The best indicators for
| in the dataset are elevated electrical conductivity and increased
ate, chioride and nitrate. The greatest risk t

0 the use of the groundwater
the polluted mine drainage, with ion concentrations exceeding the
or drinking water.

ge effluent. Inflows into
¢ Leakage effects of dykes.
e Water Balance of the total area.

Simulation of the aquifer response to different scenarios and propose
®

: . : 8s the following recommendations are proposed:
(e.g. location of a waste water treatment plant in the Steenkoppies on 1es
An issue related to all the aspects mentioned above, is the general lack of collabg

eration with other natig|
is a desperate need for closer ooo_n., : .
mﬁmxm:o_am”m.%_wmqmmﬂw m:au_u_smv as well as with provincial _mza local mc_Sn:._
amvm_,ﬁ.:..w_“mw ._.r.w would help with the burden of data oo__moﬁmo: m:wmﬂsmoﬂwrm__
gch_mﬁvé_wn.am:a andfor potential groundwater problems, and generally c
ne
not duplicated.

ate on the groundwater level trends within the

Sistent and reliable monthly groundwater leve| measurements from
oring stations should be conducted. More

frequent monitoring is
ssed groundwater resource units and where groundwater monitoring is
pits F and G).

Dundwater quality monitoring programme requires revision. Most
ducted along the streams and springs downstream of the decanting
© continuous chemical monitoring being done further downstream or in
ompartment. Sub-units that require monitoring include sub-units A, B,

identified compartments,

9.5.1.2 Management Actions

i involves the setting ™
i iterative process that invo .
ent is generally an itera . : : ety
w;cﬂwm,wm_.“ and then monitoring and reporting m.o%.:ﬂ M”womnwmﬂﬂmmww<wwuqmmm3
icipati takeholders and pubiic p
involve all participating s .
objectives of the aquifer. Further actions must ensure,

ing dykes, faults and formation contact
age of compartments should be clea
hs which should include groundwater
greatly successful in karst hydrog
and a monitoring programme should

S on the groundwater flow and
rly understood.

dating together with tracer tests
eological investigations (Kranje,
be initiated to build up long term

. . . A
that the monitoring network is sufficient to provide effective cove

. 3
measurements for management purposes;

in and inve
e data collection should be managed m.m. part of a <m_M.m n:MMM Ma_sm |
collection, recording, handling, archiving and reporting

Ction rates from large scale irrigation points is vital;
management system.

and if necessary regulate abstraction in the Steenkoppies
and,

i i trol wa
onitoring data and generated information will be :mm.n_ to th e
. Hﬁm-mumo_mn environment (e.g. stressed mﬁmmsxouc_mm__ow g
support to licensing decisions and for future water use a

¥role of groundwater fluctuations and changes.

ed for all available existing data to be collated into a single data set
ates often duplicate sets, but also eliminates redundant monitoring

9.6 Conclusion & Recommendations

ilisatio

dle of Humankind requires a sustainable balance cmgwmﬂ MM”"._MQQ :
s ¢ in order to protect its vast treasure chest of 10 e
— _.mm.0c~__.wmr:3m8cm karst caves. Despite its _Buonm:om_.ﬁzm%o :mg« 3
et 8&5 . d Mc_._.o::a_:@ catchment has resulted in the amﬁm:o..w ,._h -
karst mnc__“oﬂ:m: roundwater resource. The lowering of the hydrosta _:: g
nc.m_._cE .o: m.:@ the Zwartkrans and Steenkoppies ooamm::_m:ﬁ:é it
o co_ el fluctuations indicative of over utilization of t m:._ e
u_.o::aimﬁ.mﬂ:mﬁ ring flow of the Maloney’s Eye is reason 8._, oo:owm_ .
= ;° Mo_MB_zo aquifer immediate south of the eye I1s o_.c%mzm:m ;-
mﬁom:x.ovn_mm es in the vicinity of the spring and clear _.mooaam.: ot
ﬂmwmmﬁ.u_”mséumwzmcm@mwﬁma although it is unclear if these zones are Imp
i :

i i dition to a larg

fluted mine water in ad . 4

ting of some 15 Ml/day of po . : ccially tha

._.:mﬁmmﬂwﬁmq _.@m_.sm,:m a threat to the quality of groundwater L:<Mmuo:m:mma ;o

2%% artment. The water facies in this compartment _,M-Om-woh .

Mo:ﬁw_s_:mﬁoa water from a Om.gm-_._on.uw G.um ﬂo._.M: xmwmﬁ couifet "
hydrochemically different regimes were identified. The

141




APPENDIX 9A

GROUNDWATER LEVEL MONITORING STATIO}

I Coordinates Groundwater Level
Monitoring .
Station Latitude Longitude Depth Elevation Length g
{m.b.g.s.) {m.a.m.s.l.)
Zwartkrans Compartment
A2NO0553 27.64736 -26.06825 71.24 1501.90 1985/05/2
AZ2N0556 27.65449 -26.05177 56.17 1500.19 1985/05/25
A2N0576 27.648565 -26.09959 52.3 1535.44 1986/01/14
AZNO579 27.66070 -26.10175 29.24 1575.30 1985/05/
AZN0580 27.66557 -26.09415 59.93 1536.84 1985/05/1
AZ2N0582 27.69668 -26.08947 42.85 1571.88 1985/06/1
AZN0583 27.68662 -26.07870 455 1550.50 1985/06/1
A2N0584 27.70002 -26.05788 26.39 1487.85 1985/05/0° >vvmz U_x @m
A2N0586 27.70942 -26.04706 27.37 1461.20 1985/05/1
AZN0D590 27.71527 -26.02441 36.42 1441.25 1985/05/2
A2N0592 2769783 | 2603081 78.83 1439.08 | 1985/06/0 INDWATER REST LEVEL TRENDS
AZN0598 27.67453 -26.06071 63.75 1500.81 1985/07/4
A2N0600 27.71136 -26.01740 255 1438.94 1989/04/1
AZN0602 27.70544 -26.02713 56.07 1444 .47 1987/06f
A2N0605 27.68786 -26.02813 63.8 1438.20 ._|omm_.o?...
AZNO607 27.68462 -26.03197 67.84 1440.16 A|mmw: 0
Steenkoppies Compartment .
A2N0558 27.56597 -26.02556 9.58 1492.24 1 m|m.m._BA ;
A2ZN0O559 27.56572 -26.02517 8.19 149220 | Awm\o._
AZNO566 27.57500 -26.07528 60.53 1484.59 L 985/08
A2ZNOS67 27.57500 -26.07778 60.9 1482.79 L 986/01
A2N0572 27.60365 -26.07280 70.95 1487.41 198508
A2N0610 27.68253 -26.08589 62.52 1486.41 1987/08
A2N0612 27.57639 |  -26.08056 57.47 1488.49 |  1987/08
AZNO614 27.57111 -26.08150 70.04 1489.58 | .ﬁmdo.._.
A2N0615 27.56667 -26.08056 71.3 1487.70 | 1987/
A2N0616 27.56250 -26.08056 70.91 1487.97 |Amrm.2 07
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INTRODUCTION

rocess of systematically describing South Africa’s groundwater resources was initiated by a
ter Research Commission report prepared by Mr Vegter, previously the head of the
ectorate of Geohydrology of the Department Water Affairs and Forestry (DWAF) (Vegter,
0). According to this report the concept of interstices, or the openings that form receptacles
d conduits for groundwater, is fundamental to groundwater hydrology and was therefore used
a basis for the delineation of groundwater regions within South Africa. Geological formations
re water-bearing as a result of the presence of (i) primary or (i) secondary openings in the
rmations, where primary openings are considered to have formed contemporaneously with the
enesis of the rock type in which they are present, while secondary openings are the result of
processes acting on the rock to create such openings after the rocks have been formed. it was
further argued that to only base the division of the country into areas of primary and secondary
water-bearing characteristics, would, due to the relative sizes of the areas covered by the two
types, be ineffective. Therefore additional factors were also taken into consideration in defining
and delineating the groundwater regions.

To effectively describe the groundwater occurrence across a large, geologically diverse and
complex area such as South Africa, requires the delineation of areas that have uniform
occurrence characteristics. The occurrence and availability of groundwater is determined by:

(i) the storage and transmissive properties of the geological formation;

(i) the volume and frequency of recharge;

(i)  the rate of groundwater movement to discharge areas;

(iv)  the rate of groundwater discharge as springs and seepage to streams; and

(v) loss through evapotranspiration (Vegter, 2000).

As the proposed subdivision into groundwater regions was based on the groundwater
occurrence and water-bearing properties, and while these are largely controlled by rock type,
and structural and other geological characteristics, lithostratigraphic subdivision served as a
i primary basis for the subdivision of the country into groundwater regions. As defined by Kent
(1980) a lithostratigraphic unit is one which is unified by consisting dominantly of a certain rock
type or a characteristic combination of rock types or by possessing other significant unifying
lithological features.

Climate and physiography are important components in the occurrence and replenishment of
groundwater. Transmissivity and topographic relief largely control groundwater movement, its
discharge and loss. Vegter (2000) therefore argued that the conformity between
lithostratigraphic units and physiographic features strengthens the decision to base the division
into groundwater regions on lithostratigraphy. In delineating the different groundwater regions,
the aim was to obtain some uniformity in respect of lithostratigraphy, physiography and climate
and this led to a subdivision primarily based on geological and not geohydrological
characteristics.

In this way Vegter subdivided the country into 65 so-called groundwater regions each identified
by its number and a short descriptive name. In this report the hydrogeological conditions of
Groundwater Region 10: Karst Beit are described.
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DGY OF THE PRETORIA-CENTURION AREA

geology of the Pretoria-Centurion dolomitic aquifers is described. The
from the recent report by Cobbing et ai. (2008) and formed part of a
which guidelines for the development of the main dolomitic aquifer

ere developed. The section of this document describing the Pretoria-
Bired to as Activity 14 of the larger project.

e Chuniespoort Group are considered to be South Africa’s most
; 2000). This is due to their high storage and high permeability, and to
ntres of population. More than half of the boreholes drilied into these
yield 5 I/s or more. They have been exploited for groundwater, via
any thousands of years. The Tshwane dolomites are both important
able to over-abstraction and pollution. They also sustain ecological
‘well-being of a variety of ecosystems. The dolomites can be divided
ments”, separated by dykes or faults. Although movement of

one compartment to the next, these compartments to a greater or
‘groundwater units.

t programme”

esources of the dolomites in the Tshwane area have been studied
@ most important studies were carried out in the 1980s. This is
idrought caused levels in the Vaal Dam and other surface water
he Gauteng area to drop to very low levels. This prompted the
in an investigation into the Chuniespoort dolomites as a possible
8Ng area. The Directorate of Geohydrology of the Department of
arried out much of the subsequent hydrogeological work, which
983. Vegter (1986) estimated that a sum of nearly R9 million was
gations between the end of 1983 and the beginning of 1986. The
2 drilling of 278 boreholes, and a considerable number of pumping
sing the gravity method, which was confirmed as an effective
dreas. An estimate of the exploitable storage of each dolomitic
10 production boreholes were drilled in the compartments for
POSes. A hydrocensus was also carried out for each compartment
€r usage, and estimates were made of the impact of large-scale
POrts completed as a result of this “drought programme” include
et al. (1985), Lieskiewicz (1986), and Kuhn (1989). Although the
0) are slightly different to those delineated in this study (which
), the foliowing table has been compiled from the data of Vegter
able groundwater potential of the dolomites in the Tshwane area:
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Table 10.1: Potential of Tshwane compartments

(after Vegter, 1986)

10.1.3  Study Locality

The study area is shown in Figure 10.1. The Sterkfontein Dyke has been
southern boundary of the study area; the dolomite rocks to the south of this dyk
to be the Midrand/Kempton Park dolomites. The area is bounded to the no
quartzites and shales of the Pretoria Group, and to the west and south-west
House Granite.

The area is traversed by several major roads, including the N1 and the N14,
major centres of population, falling under the jurisdiction of the Johannesbur
Ekurhuteni Metropolitan Municipalities (see Figure 10.1).

10.1.4 Approach

This is a desktop study, and no new data has been collected by doing fieldw
information was used in this study:

» the 1:250 000 scale geological maps 2528 Pretoria and 2628 East Ran

o the 1:500 000 scale hydrogeological map 2526 Johannesburg and its B

« water level monitoring data extracted from the National Groundwater D
managed by DWAF;

» groundwater quality information extracted from the WMS;

e data from the WARMS database;

« technical reports by DWAF’s Geohydrology directorate; and

« relevant and appropriate scientific reports commissioned by local auth
developers.

10.1.5 Methodology

The available data was reviewed in order to develop an up-to-date assessm!
the Tshwane dolomites, both from a water quantity (water level) and a watere
Some of the important issues that emerge from the study are discussed in th

Exploitable No. exploration Envis;
Compartment Area (km2) | gtorage (Mm3) | boreholes drilled pum
Aatwynkop 15 4 4
Laudium 8 1.6 4
Erasmia/
Fountains West 92 141023 )
Fountains East <y 4510756 5

Figure 10.1: Locality of study area.
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on of Study Area

10.2 Descripti
10.2.1 Morphology and Drainage
=1
sridgeville

of the study area is subdued, with :
mitic rocks tend to form flatter Mq%%hnmﬂﬂ_ﬂ.ﬁwﬂ_:mmsfam _
quartzites. The study area is contained Mm.m being &
all portions of A21H and A23D (see Figure “:_,\ withig
by the Hennops River and its tributaries, including the Sesmylspruit, O .o.mv. The
the Rietspruit. The Hennops River flows south from the Midrand mq.m _:m.amu_.
turns towards the west where it flows into the Crocodile River. The zm_ via Cenj
sustained by springs and groundwater baseflow from the .ao_oa%s of the
effluent outfalls from the Olifantsfontein {close to the junction of the XMM_mmza
Pruit.

and sunderland Ridge (close to the junction of the Rietspruit and Henn
re 10.2). These plants have been estimated ﬁmuw. :
iSC

treatment plants (see Figu
and 35 Mi/day respectively (Hobbs, 2004). As far as is known, no
butions of baseflow, runoff and wastewater to the zoiwmwmﬂ |
n the

The topography
the north. The dolo
adjacent Pretoria Group
catchment A21B, with sm

Centurisn

A,

Eono:_o:m_ contri
tributaries are available, but these proportions vary seasonally, with bage
part of flows during the winter dry season. ._..:m o, Mm o q_
“
A Stetkfontajn
: Midrand L w & _
Oiifantsfuntein __

making up the greater
and its tributaries gain (or loose) groundwater will depend both on th
consideration, a$ well as the time of year. In general, however, the mmc_.wx.,...

! ac

system is likely to gain water on average in the study area.

A21A _

Elan
Tembisa dsfortein | |
°

Rainfall and Vegetation

e area has @ typical South African “Highveld” climate, with .
 rainfall falls as thunderstorms (often with hail) and oo“,_ﬁﬂ..._..
Much of the natural vegetation has been removed by

10.2.2 Climate,

The Tshwan
which 80% of th

nights (Holland, 2007).
Hobbs (2004) has described the natural vegetation in the area as being of
type, a sparticularly SOUT wiry grassveld dotted with trees”. g ot
——
‘lmmm—._
E ®  Sprngs mﬂocm_ !
ernary Dran
age . _

ol ]| o
wwr
" Dolomite

i -_mmmmu_..:m:
n t of
i Dolomnes M Roads
ajor Rivers - HATIO W '
MAL ROUTE

10.2.3 Land-Use
pes include the following:

and-use ty

Inla e
nd Water Body ARTERIAL ROUTE
— MAIN ROAD

« Farming, both irrigated and non-irrigated. Some stock farming exists
are common. b
o Agricultural holdings and small-holdings, such as Randjesfontei
and Lyttieton and Raslouw near Centurion. Jestonts S
and clay.

o Quarrying for sand
Urban settlements (both formal and informal).

SOURCE D

Irectora
PROJECTION & mﬁ..._._._mm.:%wmmm:n Mapping
4

« Industrial areas.
 areas, such as the Zwartkop Nature Reserve adjacenti€

. Conservatio




of the Chuniespoort Group. The dolomites in the study area belong to the Majm
the Chuniespoort Group, and are dated between 2600 and 2500 Ma to::mo?...

Malmani Subgroup attains a thickness of up to 2000 m, and has been syb;
formations, depending on chert content, stromatolite morphology, and other fa
et al, 2006). These boundaries of these formations are not always accurately k
study area, and some maps do not differentiate between them. Overlying
quartzites, shales and andesites of the Pretoria Group (Barnard, 2000).

A map showing the regional geological setting is shown in Figure 10.3.

Table 10.2: Geological sequence in the study area (after Holland, 2007)

§ e 2

nm c .m.mUnm

: mwmmmMmmmmmmm

ST

e kmFWHEIM.V

__mummmw:mﬁm& |

TR ERRE R ELE _
L 8 _

BASIC
LITHOLOGY LITHOSTRATIGRAPHIC UNIT .
dolerite / syenite post-Karoo dyke / sill intrusive structures early Mei
sandstone / ) . Karoo early M
siltstone Vryheid Formation Ecca Group Supergroup | Palacofl
tilite / diamictite Dwyka Group [
lava Hekpoort Formation 2 225
shale / siltstone / Timeball Hill Pretoria Group
quartzite Formation ml__..__.MMwMMw_
Dolomite Malmani Subgroup Chuniespoort ’ {2 430
Group P
. Black Reef
quartzite / shale Formation {2 60
Granite Halfway House Granite Suite Archae

10.3

10.3.1

The dolomites of the Chuniespoort Group are classified as a karst aquifel
which means that open cavities and even caves have developed below grot
dissolution or chemical weathering of the dolomite. This gives the aquifer &
of groundwater storage and permeability,
Chuniespoort Group is considered so important (Barnard, 2000). Kar:
of rainwater infiltrating into the aquifer, and reacting with carbon dioxid
to produce a weak acid, carbonic acid. This acid then reacts with the dolo

soluble ions of calcium, magnesium and bicarbonate, and these are ca
enings. Insoluble material in the dolomite !

ft behind, and can form a dark-coloul
ution features in the dolomi
ology, infiltration chard
n the dolomite. T
different coml
It can thefe
rous, and '\

groundwater, leaving solution op
oxides of iron and manganese are le
material known as “wad”. The distribution of sol
controlled by a variety of factors, including dolomite lith
overburden, and existing zones of weakness or fractures i
formations comprising the Chuniespoort Group have slightly
ratio of shales, cherts and breccias to “pure” dolomite varies.
predict exactly where dolomite will be highly weathered and po

General

Hydrogeological Overview

and is partly why borehole yields

_)\}.
Midrand

st form
e in the

Fi : i
gure 10.3: Regional geology of the area under investigation
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properties will be less favourable for borehole development. Solution-enha
features in the dolomite are probably the major contributors to high values for
in non-karstified dolomite are also important for groundwater flow
e dissolution of dolomite below ground level has severely eroded
s may form when the ground surface collapses down into the :
ous concern for the planning of roads, buildings and off
dwater over-exploitation, or leaks of water at the g
of sub-surface voids, ground subsidence and eveni

fractures
places wher:
rock, sinkhole
Sinkholes are a seri
Factors such as groun
contribute to the formation

Forma
Dwaalhuewel Formaton
Rooihaogie Formation
MALMANI SUBGROUP
SE GRANITE
t_

Timeball Hdl Faemanten
BB Black Reef Formation

ECCA GROUP
Magahasberg F.
iveston Format
frubenkop Formai
Hekpoon Formation
Boshoek Formaton
HALPWAY HE

Dasp

Drabase

10.3.2 Compartmentalisation
natural groundwater levels in dolomite are

related to surface topography, and the water table can be practically flat (E
Hobbs, 2004). This is due partly the relatively high permeability of dolomites
resources in the Chuniespoort Group dolomites cannot however be consi
interconnected resource. This is because the dolomites are divided into unil
by intrusive dykes and other structures, which form barriers to the flow @
dykes are generally composed of post-Karoo age dolerite and syenite. Fall

groundwater divides can also form compartment boundaries). Thus the stud
of groundwater resources in the dolomites is often based on the resource
y not substantially affec

compartment — pumping in one compartment ma

adjacent compartment. Groundwater levels frequently vary from one dolon
another, and springs (some of substantial flow) can occur at the compé
However, groundwater flow does occur between compartments, either throtl
a near-surface weathered zone where permeability has been enhanced
boundaries also do not always coincide with guaternary catchment bounda
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of the Tshwane dolomites into compal
.g. Vegter, 1986, Barnard, 2000 and
m compartments are not always’
dwater flow is not always obv T
m one compartment to thed 0 /A.- ~
posed by Hobbs (2004 ; /

,

,

.§.S= P
(1A

bW_a.. fl |

Slightly different sub-divisions
proposed by different authors (e
because the linear structures which for
nt to which they prevent or allow groun
ater levels do not differ significantly fro
nts are separate. The compartments pro
top study, since they are based on recent water level and othe
o East Fountains, West Fountains, East Doornkloof, i
e 10.4). Hobbs (2004) consolidated these com p —

(GMUs), based on inferred G
ter level

exte
groundw:
compartme
in this desk-
compartments ar
Erasmia (see Figur

“groundwater management units”
compartments (e.g. along the Sesmylspruit), and on similar wa

responses). These GMUs are as follows (Hobbs, 2004}

gement Units (after Hobbs, 2004)

A
Doombloof
West Compartment
Figure 10.4: Dolomiti -
4 omitic i
compartments map, inferred from previous investigati
ions.

Table 10.3: Groundwater Mana

Compartments
dolomitic compartments
d West Doornkioof co

GMU
GMU 2a Aalwynkop and Erasmia

GMU 2b West Fountains and East an
GMU 2f East Fountains compartment
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10.3.3 Groundwater Levels

The groundwater in the Tshwane dolomites has been extensively exploited for Man

natural recharge and discharge mechanisms modified by people (such as alterin

and capturing springs). It is therefore difficult to determine a “natural” groundwater g

2004). The Department of Water Affairs and Forestry (DWAF) monitors water |

Tshwane dolomites using a network of boreholes. Not all of these boreholes ap

regularly, and monitoring at some boreholes in recent years appears to have stopp
due to access being restricted or boreholes being destroyed by construction work. Tt
DWAF NGDB data for the 1:50 000 map sheets 2528CC and 2528CD was exa
twenty-five monitoring boreholes were identified which fall on dolomites in the stug
which have recent water level data (up to 2006 or 2007). The borehole details a

Tables 10.4 and 10.5, and their locations on Figure 10.4. The data for the bor.
examined, and a maximum, minimum, mean and median water level value was det
each. The cumulative change in water level for each borehole’s dataset was also ¢

determine whether there has been a general rise or decline in water levels over the

borehole has been monitored.

The longest record available runs from October 1954 to the present {A2N0528),
shortest begins in July 1999 (A2N0687). Sampling of water levels at the different gj
irreguiar, and presumably depends both on access and on staff availability. This hag
gaps of fifteen years or more in some cases. Hobbs (2004) considered that the
groundwater monitoring points was not adequate, particularly in some compartme
the West Fountains Compartment, and that further monitoring points needed to be in

An examination of the available groundwater level data shows that, in general, gn
levels in the Tshwane dolomites appear to have risen slightly. Only four monitoring
show a decline in water levels since their monitoring records began (these are
A2N0B59, A2N0688, and A2N0757). The rest all show a rising water level or decrea
to water (mean rise about 2.4 m). This is likely to be due to the fact that 21 of the 2
records examined start in the 1980s, either during or after the drought which occu
time. The rise could therefore represent a natural recovery of water levels as rainfall r
It should also be noted that the Gauteng area obtains a large proportion of its wate
Upper Vaal Water Management Area. (BKS (2003) reported that close to 50% of
requirements of the Crocodile (West) and Marico WMA came from the Upper Vaal
speculated that some part of the rise in groundwater levels in the dolomites could
increasing inputs from this source — either via mains leakage or waste-water returns.

by Hobbs (2004) also found that groundwater levels in all of the compartments in q

catchment A21B (i.e. the present study area) had risen since the mid-1980s, and attri
to increased rainfall recharge.

10.3.4 Groundwater Fluctuations

Natural groundwater level fluctuations in the Tshwane dolomites are thought to be s
likely around 5 m or so (Hobbs, 2004). This is because groundwater storage in karstic

is relatively large — in other words, a lot of water must be added or removed to obtal

moderate change in water levels. This observation excludes fluctuations induced by

which can of course be larger. This is supported by the data available to this stu

ifference between the minimum and maximum levels for each borehole is only
n mind that the data in some cases spans more than 50 years. The maximum
r the twenty-five borehole datasets examined was 100.6 m below datum (at
the shallowest water level was 1.5 m below datum (at A2N0687). The mean
as 37.2 mbd. The statistical analysis of the dolomitic hydrostatic behaviour
80s is presented in Table 10.4. Mean levels and fluctuations per compartment

ure 10.4.
jcal analysis of groundwater level data for boreholes in the study area.
B mm0cnwﬂﬂ.mm (mbey | CHANGE (m) RECORD LENGTH
Station Max. Min. Mean Median nM—_._: ’ zh_rm—ﬂ " | Begin End
AZN0685 | 47.5 43.5 45.8 46.1 0.6 4.0 Jun-86 | Oct-07
A2N0693 | 299 23.5 26.9 27.4 0.5 6.4 Jun-86 | Oct-07
A2N0B94 | 64.0 50.8 54.9 53.6 7.2 13.2 | Aug-87 | Oct-07
AZNO695 | 58.9 53.6 57.1 57.0 -0.6 52 | Aug-87 [ Oct-07
A2N0BS9 | 31.6 237 28.9 29.6 2.0 7.9 Jun-86 | Oct-07
AZNO678 | 100.6 89.2 956.5 96.0 24 11.4 | May-87 | Oct-06
AZN0679 91.0 82.5 88.6 89.2 1.2 8.5 Jun-86 | Dec-05
AZNO687 2.8 1.5 2.6 2.6 0.1 1.3 Jul-99 | Oct-07
AZN06B8 | 49.1 43.9 46.0 45.9 -1.8 5.2 Jul-87 | Oct-06
A2N0647 | 58.8 53.2 55.5 55.3 1.2 5.6 Oct-84 | Oct-07
AZN0656 66.0 60.6 64.0 64.3 1.4 54 Jan-85 | Oct-07
| A2N0657 | 48.0 32.8 36.4 36.3 11.7 15.2 Jul-84 | Oct-07
| AZN0669 6.7 4.6 5.9 6.0 0.5 2.1 Jan-90 | Oct-07
AZNO670 6.2 44 5.7 5.8 0.1 1.9 Aug-89 | Oct-07
AZN0674 13.3 11.5 12.5 12.5 0.4 1.9 Apr-90 | Oct-07
A2ZNO757 54.8 47.0 54.1 54.3 -7.7 7.8 Dec-89 | Oct-07
AZND658 36.3 24.0 32.3 32.7 1.2 12.3 | Aug-86 | Oct-07
AZND659 24.8 21.2 23.6 23.9 -0.9 3.6 Apr-90 | Oct-07
AZN0660 9.2 7.3 8.7 8.8 0.4 1.9 Sep-84 | Oct-07
A2NDO637 32.1 20.4 23.6 234 4.1 11.7 | Sep-84 | Oct-07
AZN0638 | 35.1 32.4 34.0 34.1 1.3 2.7 Sep-84 | Oct-07
AZN0640 11.1 8.1 9.5 9.6 0.8 3.0 Dec-84 | Ocl-07
AZN0841 53.3 50.1 51.8 51.9 1.6 3.3 Dec-84 | Oct-07
AZ2N0642 62.7 47.3 51.3 48.1 6.1 154 | Jan-85 | Oct-07
AZN0528 19.2 8.6 14.0 14.7 6.3 10.6 | Oct-54 | Oct-07
Mmary of water levels in each compartment
OMPARTMENT Emno... Level (mbd)
: = mean median range
Doornkloof East 56.8 53.6 8.1
Doornkloof West 24.3 24.3 3.2
Erasmia 29.9 28.3 58
Pretoria East 34.0 341 7.2

Undwater Drainage

foundwater gradient towards the north is found in the study area (following the
ography), with local exceptions. Groundwater crosses surface water quaternary
OUndaries in the study area (e.g. between A21B and A23D) and these should not
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be regarded as barriers to groundwater flow. According to Hobbs (2004), water

West Fountains compartments drains predominantly towards the north, The ary of major ion chemistry

Doornkloof compartments show groundwater flowing towards the a_<_am. Ca cl K Mg NO, as N Na S0, | HCO,
compartments and the associated surface drainage, as well as north. Groundw 53.1 28.0 17 342 0.83 182 337 | 2544
Erasmia and Aalwynkop compartments flows north and west towards 1628 | 154.1 393 1024 7] 57 = e
Compartment (not part of this study), with a component of southerly flow in th ow N 0 o = : m mo. - w
Erasmia compartment. The flows at the major springs such as Pretoria Foy mu.m 3 m 5 o.w mm 0 o.mo & = .:“ 5 mmu.m
Sterkfontein spring depend on this northerly flow of groundwater. It is likely that} ] : i i i : : : :

are modified locally by pumping, particularly considering the relatively flat groung 4 b 32 0.2 22.7 S il 58 172.3
and average regional flow directions should not be relied on for defining local cag B | 685 | 650 sl S Ui 452 | 698 | 3238

protection zones.
ary of pH, DMS, EC, and minor ions

10.3.6  Groundwater Recharge pH DMS EC F NH4 PO4 Si
7.62 439 59.8 0.19 0.30 0.04 | 10.18
Estimates for recharge to the dolomites in the Gauteng area vary between abo 10.20 1205 144.0 2.20 38.25 4.44 30.23
annual precipitation (MAP) to about 15% of MAP (Bredenkamp et al, 1995, Kok ef 6.35 95 13.7 0.05 0.02 000 | 222
Hobbs, 2004). Hobbs (2004) estimated figures of 14% and 11% for catchments A2 7.64 437 58.8 0.14 0.02 0.01 | 963
respectively. Recharge can be modified by changes to land-use, and may be low wwm wmm wmw W.Ww m.w.w m.wm Amw.mmmw

of dense building development (due to impermeable roads, paving etc.) or raised d
from water supply and sewage pipes. Further work needs to be done to quantify the

. jon indicators
10.3.7 Water Quality

the samples were within acceptable limits, higher than expected salinity and
frations of elements such as Cl, NH4, SO4 and NOs3 probably indicate pollution
e samples. Pollution is most likely to come from surface water sources, in
discharge from sewage works and from urban run-off. Hobbs (2004) found
ater in the study area was polluted and had poorer quality compared to
itic groundwater. In particular, the quality of water in the Sesmylspruit and
r was poor and impacted on nearby boreholes. This poor quality is likely to be
iesence of a sewage works upstream, and also due to leaking sewers and
2ri-urban areas. Possible groundwater pollution in the dolomite aquifer should
id together with the surface water quality, since the two are closely linked.
ireported that surface water quality at station A2H014 at the downstream end
ps River shows a general decline in water quality (using the ratio of SO4+Cl
as an indicator of pollution) since records began in 1976, but a particular
oliution since about 2001. Hobbs (2004) found that measurements of salinity
itime of that study at the Sterkfontein Spring, and at the East and West
prings, showed a slight rise. An improvement in water quality was noted
mer rainfall, due to dilution.

An assessment of groundwater quality in the dolomites in the study area was c&
examining data held by DWAF as part of their WMS database. The results for @
borehole water samples were obtained from the database. The network of boreholéi
water quality samples are taken is not the same as the borehole network used fo
sampling. The water quality sampling points are shown in Figure 10.5. All of the 8
fall into quaternary catchment A21B, apart from nine which are found in catchment#

In general, only data for the concentrations of the major ions (Ca, Mg, HCO3, Na,
S04) plus F, PO4, NH4, pH and EC is available. Other minor ions, including pos ]
indicators such as B, are not routinely assessed. Hobbs (2004) described the chel
of the groundwater as generally good, with all but four of the sample sites having ¢
quality falling into the Class 0 (ideal) or class 1 (acceptable) category, according 1€
241 standard applicable at the time (SANS, 2001).

Groundwaters are predominantly of the calcium-magnesium-bicarbonate type, as €X
dolomitic groundwater in which dissolution of the rock matrix is the major oosicca_.,..
quality. The mean pH value was found to be slightly alkaline at 7.62, probably réi
buffering capacity of the aquifer. (Bamard (2000) reported a mean pH of 7.6 fol
samples considered for the study of the Chuniespoort Group for the entire Jof
hydrogeological map area.) The mean EC value for all of the samples was ﬁoc_.ﬁ
mS/m. A summary of the data is provided in Tables 10.6 and 10.7 below. All unit
except EC which is in mS/m. Durov and Piper diagrams illustrating aspects of the We
of all samples are shown in Figures 10.6 and 10.7.

FMicrobiological water quality data was examined, the presence of e-coli and
10rs in groundwater indicates pollution by sewage, either from surface water
POssibly from pit latrines in some areas. A study by Hoffman (1995) found
al contamination of groundwater originating in the Tembisa area. Whilst this is
Of the Tshwane dolomites, it is upstream of the study area.
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Figure 10.6: Durov plot of the water samples
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MMMM,MMW M_Mm_.,“”%_m M”m Hﬂmﬁ prolific water bearing formations in South Africa, are not included ;

ot o e mﬂ o MB mmM are the x.mqmﬁ ﬁm:mm:m which differ from other groundwater cmmq_::

oans @s he ‘compose of n_o_.o:._=m and limestone where the presence of distinct soluti :
uch cavities and conduits developed in the rock. This report describes %M

groundwater conditions of one such terrain i
errain in Sout i
Groundwater Region 10: The Karst Belt outh Africa, referred to by Vegter as

In the original request for pro
posal for ground water Region 10 .
two main objectives described as: : e o propare  reportvi the

Summarizes and synthesizes the present-day knowledge about the occurrence of

5.__ . . _ .

As far as available data and information will allow the com

o pilation of the report is to be achieved

Describi . . .
mm.o:_u:..o the physiographic and geological aspects of the Karst Belt Groundwat
Region that are relevant to the occurrence of groundwater -

Abstracting from reports and borehole records the geological conditions under which
groundwater occurs and is struck in boreholes

* Analysing statistically:
o the distribution of water level depths,
o the distribution of water strikes below surface
o the distribution of water strikes below groundwater level
o]

the distribution of water strikes i .
in relation to depth .
contacts pth of weatherin

strike-yield relationship
o potability and hydrochemical character of groundwater

g and dyke

o

Two requirements for the end product were described:

> L b "
. print ready” ground water occurrence and exploration guide with a similar look and

feel to the existing WRC groundwater regions reports; and
* The final report will also include complete data sets on CD

Ju i i .
oo”w cﬂ_oq to ﬁmamﬁm: of this project, the Department of Water Affairs requested a firm of
Ing geonydrologists, Water Geoscience Consuiti
9 , ng, to prepare a comprehensive re
the dolomitic groundwater resources of South Africa. The objectives of the DWA u_.o_.wm_ﬁ.ﬁ

referred to as the Dolomite Proj imi
ject, were very similar and included as part of j
the Karst Belt of Groundwater Region 10. " e profet, akee

DESCRIPTION OF THE PHYSICAL ENVIRONMENT

Location and geographical setting

ndwater Region 10 stretches from approximately Delmas and Springs, east and southeast
ohannesburg respectively, to the Botswana border north of Mafeking, an east-west distance
Jst over 300 km. lthas a roughly triangular shape extending from the Delmas/Springs area
he east to a maximum width of almost 100 km in the west where it abuts against granitic
sement rocks and a short section of the Botswana/South Africa border. Towns along or close
the northern border include Delmas, Pretoria, Magaliesburg, Koster/Derby and Zeerust, while
rings, Centurion, Randfontein, Ventersdorp, Lichtenburg and Mafeking define roughly the
outhern boundary of the region (Figure 2.1). The region, covering a surface area of
pproximately 15 000 km?, stretches across three provinces; Mpumalanga in the east, Gauteng
nd North West. In the west the region borders on the Limpopo River forming the border
etween South Africa and Botswana, near the border posts Schilpad Nek/Pioneer Gate, just
east of Lobatse in Botswana. Groundwater Region 9 occurs to the north of Region 10, while
‘Groundwater Regions 17 and 18 border on the southern side of Region 10. The boundary of
the entire region is defined by a well mapped geological boundary.

2.2 Physiography

The area is characterized by low topographic relief and gently undulating plains especially
towards the western part of the Region. In general the elevation is around the 1 600 m level with
only isolated and localized areas where elevations of 1750 m are reached. No prominent or
striking topographic features are present within the entire region. In the Centurion, Pretoria and
Tarlton areas prominent ridges adjacent and to the north of Region 10 are formed by some of
the formations of the Pretoria Group. Obbes (2000) states that the presence or absence of
chert in the geological succession largely controls topographic expressions. The chert-poor
formations weather to a smooth topography with red soils devoid of chert, while the chert-rich
units weather to an uneven topography characterized by dissolution openings, chert pinnacles
and a permeable chert residue with red silty and brown manganiferous soils. Along the larger
river courses cutting across the region, low areas reaching 1 500 mamsl are present. The
topography of Groundwater Region 10 is illustrated in Figure 2.1.

Groundwater Region 10 stretches across four Primary surface water Drainage regions or
catchments: (i) Primary Drainage region A draining towards the Limpope River, and (ii) Primary
Drainage Region B draining into the catchment of the Olifants River, both of these eventually
flowing towards the Indian Ocean in the east, (i) Primary Drainage Region C, draining initially
to the Vaal River System and eventually the Orange River on its way to the Atlantic Ocean in
the west, and (iv) Primary drainage Region D feeding into the ephemeral westerly flowing
Molopo River along the southern boundary of Botswana. Due to substantial crustal uplift north of
Upington during Pleistocene times, the Kuruman River, into which the Molopo River drains, has
no outlet to the Atlantic Ocean. Due to the proximity of Groundwater Region 10 to the upstream
boundaries of major primary drainage regions, no major river courses are present in the region.
The Quaternary catchments and the more prominent river courses originating in the different
Primary Catchment regions are:




10.3.9 Aquifer vulnerability

et has not yet been verified b ' .
.::awﬁmmzamﬁmm the total chMaWMMMW _._mmmm_w:ﬂnw_ oy
a::_%m_ ﬁmcuuq purposes obtained from the tM”MM
| does no i

f just less EM.% MMM_._\M._ _._Ewcéﬁxzm dataset. These two sources alo
. ma::asma.ﬂ 0bbs (2004) found that the WARMS dataset did i
e am.oc_.omm_ m.:q also greatly underestimated M__Joﬂ
Ue groundwater cmmm 9 appear in the WARMS dataset. Hobb 3
. in the whole of catchment A21B . s (2004)
fost five times the WARMS estimate. Although the st was around 18 Mm/a

3 catchment, the large springs in this catchment do ﬂ:% area for this study

Hobbs (2004) for groundwater use in the whole M | 1o the study area,

Dolomite aquifers are considered to be particularly vulnerable to surface poliyt
relatively rapid rate of groundwater flow, often via fissures where little retardatiop
can occur (Barnard, 2000). In addition, sinkholes and other features in karsti
provide direct routes for surface water into the subsurface (i.e. bypassing the §
almost always much easier and cheaper to prevent groundwater pollution than i
or remediate such a problem. Hobbs (2004) confirmed that pollution of groundwat
been detected in the study area, and future developments pose a further risk. In 2
Groundwater Management Units which make up the present study area (2a,
above) were given water resource classifications as follows (Hobbs, 2004):

» and in its present
y area. For example,
a Fountains and the

Table 10.8: Groundwater Management Units (after Hobbs, 2004)

Groundwater Relevant Present Status Present N e groundwater us . atchment is pro
Management Unit Compartments Category I 004) of water age in the study area. The foliowing table re U_. bably
Aalwynkop and use in catchment A21RB: presents
GMU 2a E i Cc
rasmia
West Fountains and ater use information in catchm
GMU 2b mmwM wh_ﬂ _M.wa D OURCE <<>x_ﬂu Nh\mvaae Hobbs, 2004).
oles a o
GMU 2f East Fountains C = 2778 442 H_._nmm Mwwa.
T 354 500
J DWATER 10 879 920
Particular attention was drawn to the impact of new property developmen reams ._w“ww Mam 14 884 992
especially where French drains or septic tanks (on-site sanitation) were being & s 2355 m“_m_u B
alternative to connection to the sewerage system. [OTAL 3o B
01073 14 884 992

10.4 Water Resources Evaluation

10.4.1 Introduction

The data held in DWAF's Water Authorisation and Registration Management
was obtained for the quaternary catchments A21B and A23D. The WARMS €
water use by “resource type’, which includes dams, rivers, boreholes and
| groundwater sources were first removed from the data, leaving onl
springs/eyes. A GIS was then used to remove all data points not associated

in the study area. The final data set consisted of 58 separate data points, 55
springs/eyes. All of the points fell into catchment A218B (Figure 10.8). The tota
of water abstracted in the study area amounted to 3 882 218 mal/year, Of
| pumping continuously. Most of the water — about 3 285 589 mafyear {about A _
| water use — is allocated for agricuitural purposes (either irrigation of waterl
three springs are all clustered together at Olifantsfontein in the far south of th

together are registered to yield 1 063 500 ma/year, or about 34 I/s, all for __.__”
The mean yield for boreholes in the WARMS dataset (i.e. excluding the mnl?._
seems rather low for a dolomitic area in which most of the groundwater is us
purposes, in an area where the median yield of boreholes is expected 10 be !

this amount (Barnard, 2000).
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$and guidance to all role-players involved in the assessment, planning and
pundwater resources of South Africa, and

splayers in the management of groundwater resources of the country have
processes to follow.
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Dolomites are certainly not a “new” area in terms of assessment,
ment, it is desirable that these actions are aligned with the principles of
document. Whilst this chapter cannot give a comprehensive account of
eline, or the various measures that might be needed to align activities in
aquifer with the Guideline, it describes some of the issues that have been
f 14 Study that have an important bearing on the assessment, planning
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3 Assessment, Planning and Management as related steps, each one of
AN L

3m05m_,w.._.:m5_,mmmﬁmumomsUmmmmiomom;m_:mxﬁm:ﬁmm _um:o_"m:
broadly seeks to ensure that groundwater resources are managed in
ational environmental legislation (Figure 10.9). Whilst elements of all
‘being carried out in the Tshwane dolomites, the challenge is to ensure
tnented more fully to ensure the best possible management outcomes.
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The basic aquifer management steps, after DWAF (2008)

nmxmz _uoo..._< can lead to poor planning. In turn, poor planning can
iSUitable options and hence the unsustainable use of the groundwater
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10.5.1.2 Introduction to managing the Tshwane dolomites ccepted South African standards of development on karst aquifers are adhered to.

) that regulations regarding on-site sanitation, and even groundwater abstraction,

The Tshwane dolomites are an important groundwater resource, with a possible crj peing adhered to in some new developments.
i ys

terms of water supply to the surrounding large metropolitan areas in times of seya
The aquifer is therefore both an economic and strategic asset of considerable impg dequate monitoring network
dolomites also have valuable functions in terms of supporting ecosystems and such
water supplies to farms, smallholdings and other users, all of which are protected in ¢
National Water Act and other environmental legislation.

> the DWAF Guidelines, the Assessment step “enables the Planning and
¢ functions”. Crucial to assessment are the tasks of determining water availability
use requirements. The assessment of any aquifer depends on an adequate
etwork of boreholes and other geosites. The current monitoring network in the
Slomites is likely to be inadequate for the early identification of poliutants, and also
or identification of water level trends. For example, the Pretoria West compartment
e water level monitoring point whose record extends up to 2007/08, and the
est compartment has only two such monitoring points. The total number of
r level monitoring points that were assessed for this study (i.e. those with records
> 2006 or later) is only 25. Water quality monitoring points have a better coverage,
d to be visited less frequently. They are also not always in the optimum position in
tential pollution sources. As far as is known, there is no automated system at any of
uality monitoring points for the “early warning” of water quality problems.

The Tshwane dolomites are intrinsically vulnerable to pollution from surface g
common with other karstic aquifers, groundwater flows rapidly through these Box_..
fractures and fissures which have been enhanced by solution, and very little “filterin
retardation of pollutants takes place. In many places the soil zone (which could
downward movement of pollutants) is thin, or even absent. Sinkholes and oth
openings also present a direct pathway for groundwater contaminants to the water
fact that the dolomites are divided into compartments, which may be mare or less sep
each other, can complicate the assessment, planning and management. Compartmel
also increases the need for good quality data. ..

Sound management of the dolomites is the key to both the protection and the sustaina
the resource. The aquifers are located close to the most densely populated urban are
country, and the potential for pollution and over-abstraction is consequently high. Man
of the resource may require decisive interventions from time to time — a “hands-offf
such a populated area will only result in the long-term degradation of the resourcs
development in the area is currently proceeding at a rapid pace, which is likely to incre
the risk of pollution and the need for upgraded management. The scope and scall
necessary management intervention in the Tshwane dolomites is likely to be growing.

ars to have been a marked decline in the number of active groundwater level
points in the last ten years or so, and this trend may also apply to water quality
points. Whilst the loss of some of these points may be unavoidable (i.e. due to
tivities at borehole sites), lost points are not being replaced. At a time when the
in the area is expanding greatly, with a similar increase in building activities and
Irisk of pollution from new sources, it is of concern that the monitoring network, rather
hding, appears to be shrinking. There is also evidence that the WARMS database of
er users significantly underestimates the amount of groundwater being used, as well
fber of abstraction points, which makes it difficult to plan for further abstractions and
e true economic value of the resource.

The need for groundwater assessment, planning and management is now recogniseds
and is summarised in the DWAF “Guideline for the Assessment, Planning and Manage
Groundwater Resources in South Africa” (2008) as follows:
on its own is not adequate for aquifer assessment. Monitoring data needs to be
“Past experiences have indicated that a lack of effective assessment, plannif rocessed and presented regularly, in order to assess the “status quo” or current state
management of the resource can result in significant detrimental impacts on the: gifer (DWAF, 2008). It appears that there is not a routine system of collation and
systems. For example, unmanaged and uncontrolled abstraction and/or dewatering on of monitoring data at present, and it is recommended that a regular report (every
aquifers can lead to boreholes, wetlands and springs drying up; and in the case € 8 or every year) could be produced which gives a “state of the aquifer” snapshot for
aquifers, sinkhole formation.” (DWAF, 2008). ked with planning and management. This report need not be long or complicated, and
sed on a standard template — but it will be able to give the non-specialist information
state of the aquifer “at a glance”. (This issue is also naturally connected with the
ne of groundwater capacity at DWAF more generally.) At present it appears that water
the Tshwane area are not declining, but incidences of pollution may be rising —
this assessment is based on limited information.

10.5.2 Management issues specific to the Tshwane Dolomites
10.5.2.1 High rates of development and popufation growth

The area underiain by the Tshwane dolomites is subject to increasing pressuré from
housing and industrial developments, and a general increase in the numbers of people
new development which converts farmland, smallholdings or other low-density areas to
density land use presents a potential risk of groundwater pollution, and also constitd
possible new groundwater user. (The other groundwater-related risk associated wit 2004). This is likely to be associated with the surface water courses crossing the
development on the dolomites, sinkhole development, can also be considerable:) hich are used for the discharge of treated sewage, as well as with discrete point
developments therefore need to take groundwater into consideration at the planning stag® (French drains, leaking sewers, etc.). In addition, there are informal settlements in the
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Polflution risks

ogical pollution of the aquifer has already been identified in parts of the study area




study area which are not yet linked to the sewerage system. A comprehensive assess
microbiological pollution is beyond the scope of this study, but the trends need to be un,
in order to assess the risk. Borehole sites where microbiological pollution is _.am:ﬁ._.u_
need further investigation, in order to establish the causes. The quality of treated
discharge needs to be tracked (assessed), since this water can eventually end up in th
Microbiological pollution of the aquifer has the potential to place abstraction borehgla
and sometimes the least expensive solution is then to withdraw the borehole from supply

sioser cooperation with other government agencies and official bodies.

robably a need for closer cooperation with other national government departments
r and DME) as well as with provincial and local authorities. This would help with the
ta collection and analysis, give warning of new developments and/or potential
or problems, and help to ensure that efforts are not duplicated. Many authorities have
terest in better groundwater management, and some kind of cross-departmental
Id help to streamline work, and increase the uptake of research. The research
the Council for Geoscience and the CSIR) also have considerable expertise in
roundwater, and are both currently engaged on dolomite projects. Both research
ave publicly funded research budgets, and have the potential to work closely with
atters of technical importance.

Inorganic pollution in the study area appears to be less prevalent than microbiological g
although the water quality monitoring network and the range of determinants asses
probably not adequate for a comprehensive picture at this stage. Certain
contaminants (fuels and solvents, for example) are notoriously difficult to remove
aquifer once pollution has taken place, and can cause health problems in eve
concentrations. It is likely that there are at least several discrete incidences of
pollution (such as leaking fuel storage tanks at garages) that have not yet been detect
Tshwane dolomites. A basic assessment of land-use activies would enable
assessment of risk to be done, and would allow for the most efficient siting of furthe
quality monitoring points (this is identified as Steps 4 and 5 of the DWAF (2008) Assg
process),

document {2008) lays out the requirement to incorporate assessment activities into
nt water planning documents, including the Catchment level Internal Strategic
gs (ISPs), Water Services Development Plans (WSDPs) and the Catchment
ant Strategies (CMSs). This implies close cooperation with the relevant Catchment
nt Agencies (where formed), Water Services Authorities, Water User Associations
Service Providers.

Several major roads also cross the dolomites, and consideration should be given to the| ublic participation
groundwater contamination that would be associated with an accident involving vehic
loads which could pollute the groundwater (e.g. a tanker carrying fuel). Whilst §
consideration of this issue could form part of a general protection zone strategy. TI
would form part of the Planning stage in the DWAF process (2008).

document (2008) emphasises the importance not only of public participation, but
uinely taking the needs and opinions of all stakeholders into account in adapting a
er management strategy. The document describes various ways of raising
, consulting with the public, and communicating results. Good stakeholder
n is important to a successful management strategy, partly because it helps to
Dperation, and partly because a successful management strategy is by definition one
eavours to meet the needs of all stakeholders (including environmental groups).
d broad stakehoider consultation and participation needs to be instituted in the
rea, and needs to be addressed in terms of the detailed requirements in the DWAF
{2008).

10.5.3 Recommended actions

The actions recommended below have a bearing on assessment, planning and manage
the Tshwane aquifer, and arise from observations made during the Activity 14 desk-top 8

10.5.3.1 Better monitoring systems

The current monitoring network for both groundwater levels and groundwater quality is pi
inadequate for assessment purposes, and this compromises planning and manageme
network should be reviewed, and a programme of adding to the network be in
Automated groundwater data collection would help to reduce the fieldwork burden, an
also allow for a higher frequency of data collection. Field visits could be combined (.8
level monitoring and water sample collection) in order to increase efficiency, where
possible. It is also likely that efficiency gains could be made by targeting those aréa
vulnerable to a change in groundwater circumstances. For example, the “source — pall
receptor” conceptual model should be kept in mind when planning for pollution 30:_81.__
potential sources (sewage treatment works, garages, feedlots, etc.) and pathways (e-8:
fracture systems) should be given a higher priority.

‘fotection zone policy

source protection zones are not part of groundwater planning or management in the
dolomites. A source protection zone is a zone or area which can be defined around an
Borehole or other groundwater source. The size and shape of the zone is based on
L would take for a groundwater contaminant to reach the source from any given point.
€S are commonly defined, 50 days (or ten metres, whichever is closer), 400 days, and
- caichment. Potentially polluting activities can then be monitored or controlled
) within these zones. The size and shape of source protection zones depends on the
er flow, local topography, geofogy, and other factors, and can be challenging to do in
ifers such as the Tshwane dolomites. They can be defined using simple “ruie of
literia, or in a more accurate way using more complex modeis and/or tracer tests —
Collaboration with the research councils. A planning strategy incorporating source
ones would essentially do four things in the case of the Tshwane dolomites:
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e Help sensitive sources and areas (e.g. the Pretoria Fountains area) to.
prioritised.
e Help to protect those sources, by focusing attention on Potentially
within the zones.
o Through the process of defining the source protection zongg
understanding of groundwater flow dynamics in the vicinity of mm:m_._«..”.
¢ Assist with public awareness and participation with regard to groundwa

S dataset does not give an accurate picture of
ant abstractions and water sources sych a
the dataset and it is likely that the licensed a
fbeing exceeded in some cases. [t js therefo
dwater is being used in the study area. it is recommended that DWAF

detropolitan Municipality cooperate in monitoring  activities, to M_:a
in general, cooperation between the various stakeholders m_._m :o_aac -
with regard to the Tshwane dolomites appears to be fairly poor e
tunder pressure from a number of development initiatives .
velopments. This increases the risk of .
led that special consideration be
psal of waste water is proposed.
protection zones around public w.

b

groundwater use in the study
s the Pretoria Fountains are
mounts for abstractions in the
re difficult to know exactly how

Defining protection zones would put sensitive groundwater sources such as

supplies on a more “formal’ basis, in alignment with international best practice including new

| groundwater pollution, and it is
u_,wm: to this issue, particularly where
It is probably desirable to re-examine
ater supply sources, in the light of new

10.5.3.5 Capacity building at DWAF

Capacity building in terms of groundwater staff and hydrogeological systef
“cross-cutting” issue that impacts on most of what has been discussed thi )
human resources mean that it is more difficult to carry out the tasks which ap inkholes i .
o . . es in Karstic . .
intrinsic to all three management steps — assessment, planning and mana AF project of which Mﬂowz.% areas can be serious. An activity of the
work such as the expansion of the monitoring network, increased frequenc B Lo E e o@M\“_N_n_m a .Mmﬂ IS examining this risk in the
IC guidelines. This risk should form
an

the compilation of regular “state of the aquifer” reports presents an ¢ B -tion | ;

orientation and training of staff, particularly with regard to field data ca uidelines _M._.wuu_w oving new developments. It is likely that the final risk
ossible for part of the necessary work to form part of DWAF's capacity b . " Tely on accurate water level data, is i

) ) Y ty 3<_=o5mBozzoazmmﬁﬁma. and this is another

efforts, and management according to the DWAF guideline should not there
“net drain” on staff capacity.

10.6 Conclusions & Recommendations

The dolomite aquifers in the Tshwane area are a very important source of Wi
farmers (agricultural use) and other individuals, and for urban water st
Fountains and Sterkfontein springs alone supply just less than 400 l/s of gt
the municipal system, and a significant proportion of the water supply to thé
area is therefore derived from dolomitic groundwater in the study area. Theil
Hobbs (2004) for a more detailed description of many of the issues coveredi

Dolomite aquifers are highly vulnerable to poilution from surface sources,
made more serious by the proximity of large urban areas, roads,
infrastructure. Although this desktop study was not able to address all of the
in detail, the following issues have emerged:

+ The quantity of groundwater in the Tshwane dolomites appears not
boreholes in fact show a slight rise in groundwater level. The rea
likely to be due to changing recharge conditions in response to rainf;

¢« The quality of groundwater in the Tshwane dolomites may B
particular, boreholes close to surface water courses such as ._._"..
vulnerable to pollution from waste water. Groundwater pollution is &
to remediate.

e Monitoring of groundwater, both groundwater levels and groufl
present probably not comprehensive enough to provide a picture €
the aquifers. Monitoring appears to have declined in the last ten ¢
due to restricted access to boreholes, or boreholes being destroyed
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APPEN
APPENDIX 10A DIX 108

BROUNDWATER RES
L OCATIONS AND IDENTIFIERS AND WATER | T LEVEL TRENDS

MONITORING STATIONS
A2N0528
2528CC00003
Compartment D Other ID Latitude Date
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