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ARSTRACH

The studied arvea incluiles the Malmani  Subproup dolomite ocutcraps  and
sub—outcrops extending hetween the Klip Hiver in the wast and the fown of

Ventersdorp in the west.

o]

Tne compo-ition, structures and nature ol the aguifers are investivated.
The area is divided inte ageohvdvntopic units (compartnents) defined by
hydrologic honndaries, and sceveral selectsd units have boen studied in

detail.

In part of ihe area the entive bvdroloeie sot-up had heen echanaed - o

result of gold  mining  activitics which  often involve  doewateringe,

" s 4 i

artificial recharpe and the vrua-ofl of effluents from the mines. In
other parts semi-natural conditiens prevail and eroundwater discharses

still take place through the naroral cutler of apringes.

An annlysis ar o springs aod raintail=discluiree gelationsbips enabieos he
/

understanding ot the patural recharee in these, aauifers.  The mochanian
v_of the replenishment may he schematically viewed as consisting of twn
phases namely, an carly nearlv immediate jatake, and o later delaved
phase with a time lag of approximately 4 to b months. o
Annual outflows at springs observed over o sucesssinn of  many weare
reveal  the discharuze o hebovie  as a0 werv nrropple IHLOreere =SS v

process.  The agquifer mav b conceived va a0 rocerveds whi 3i‘|wr‘|"-c!l'('.ii!'-.-',
on  the woccasions ol eaceptionally hiegh  raintal] seasons hecame
nover—filled, and Lencetorward tor soveral eonre disehar e Pe contradled!
mors by this ecvent of recharee than by the {allowine moderate annanl

recharpe increments. The  application ot a0 statisticnl  modeld Lor

prediction purposes sinulated the discharae rather closely.
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The rate of natural replenishment as a percentage of annual rainfall was
found to be between 13-and 27 per cent. The effective porosity derived

from book—-keeping water balances and a chemical mass balance is of the

order of 1 te 3 per cent. Pumping tests indicate that the storage

coefficient varies considerably and could 1locallv he of the order of

107,

Sulphatic mine effluents of different concentrations and treated sewage
waters are disposed of into the river courses resulting in the
contamination of groundwater reservoirs and springs by artificial

recharge. The interaction of this combined system of surface water and

-wgroundwater has also been studied. Under undisturbed natural conditions

the concentration of the sulphate ion in groundwaters of the investigated
area is negligibly small, but on the other hand, groundwaters encountered
in this study are unsaturated with regard to sulphate. This parameter is
therefore used to identify contamination, as well as for quantitative

storage calculations by means of chemical mass balance models.
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GENERAL INTRODUCTION AND BACKGROUND
Objectives of the study

The objectives of this study are to enhale feasible predictions
of the response of the aquifers to various changes of
operational measures applied, and to supply the data necessary

for general planning purposes.

Investigation of the dolomites, a real regional aquifer for
either water supply or storage resérvoir, attains some
additional significance in the studied area due to:

(2a) Location in proximity to centres of water consumption

demands,
(b) possible extrapolation of results to similar terrains,

(c) the specific problems connected with prolonged extensive

mining.

Requirements .

;
A better understanding of many aspects is required, which
include: The nature, composition and structure of the aquifers
involved, delineation of geohydrologic boundaries, groundwater

flow pattern, groundwater-surface water interrelations, the

mechanism of natural replenishment, coefficients of storage and
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transmissivity, estimations of total storage, evaluation of the
prospects of _artificial recharge. Deterioration of water
quality causes a growing concern. Background salinity as
presented by semi-natural groundwater systems has to be studied
in comparison to¢ contaminated systems. An evaluation of the
applicability of geophysical methods for bhorehole siting and

mapping is also required.

Available data

An Interdepartmental Committee on Dolomitic Mine Naker; in the
Far West Rand which included representatives from the
Departments of Mines, Water Affairs and Agricultural Economics,
had been operating during the period of 1956-1960. Within the
scope of its dnvestigation were all aspects connected with
disposal of groundwater pumped by gold mines to irrigation
boards in the Far West Rand. Due to the lack of basic data at
that time, much of the Committee's efi%rt was directed towards
collection, co-ordination and énalysis of relevant
geohydrological data, alongside with the evaluation of various
schemes for water vreplacement. Reports submitted by this

Committee constitute valuable sources of information.

Another, currently operating Interdepartmental Committes on
Sinkholes and Subsidences has replaced the afore-mentioned
Committee with an emphasis on engineering geology aspects, and

valuable information has been accumulated through its activities.
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The available data consists of: Lithologic descriptions of
borehole logs, also descriptions of recently drilled new
boreholes executed under geologist's supervision, groundwater
level observations, either manual (monthly) or automatically
recorded (continuous), surface flow measurements in matural
drainage courses and in man-constructed canals, mine water
abstraction amounts, part of which is estimated and part
gauged. In some cases special surveys were conducted which
included plotting, levelling and sampling of boreholes. Gravity
surveys, where available, were incorporated in the present
study. Groundwater and surface water samples were céllé;ted and
analysed. Use was made of chemical data which appeared in
previous reports and had been collected by various bodies such

as the Rand Water Board etc. Aquifer tests were performed at

selected sites and interpreted.
Previous work

Geohydrological aspects of the dolomité aquifers in Southwestern
Transvaal have been studied by several workers (Enslin and
Kriel, 1955, 1967; Enslin, 1968, 1971; Schwartz and Midglev,
1975). A detailed gravity survey, conducted by the_Géblogical
Survey in selected parts of the area, which was accompanied by
extensive drilling, has also contributed to a better
understanding of the hydrology of the delomite aquifer

x

(Kleywegt and Enslin, 1973; Enslin et al, 1976).

e
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Methods T e

Various parts included in the rather extensive investigation
area differ considerably in terms of the type and availability
of basic geohydrologic data. Due to some natural subdivision,
it became feasible to deal with each geohydrologic unit or
compartment separately. In some of the compartments, 1like
Schoonspruit and Steenkoppie, with the exception of springflow
amounts, virtually mno other informafion concerning groundwater
was available. 1In other compartments such as those located in
the Far West Rand, due to problems arising as a result of
dewatering of the aquifers by the gold mines, a large amount of
recorded data was at hand. Even where apparently a lot of
information was expected to have accumulated over the last
fifteen years or so, it often proved disappointing. The gaps
usually arise from unsatisfactory spatial distribution of
observation holes, 1long breaks in ‘'measurements, lack of
simultaneous observations and only fsporadic surface flow

gaugings.

It was mainly the availability of data which dictated the
methods applied and ultimately the results obtained from the
study of each individual geohydrological unit. In a few cases
water balances could be worked ~out which yielded storage

coefficient figures and recharge rates. In others, as a result

of spring analyses, the mechanism of natural replenishment could
be elucidated and interpreted. Contamination of aquifers by
mine effluents as well as artificial recharge could be proved by
employing geochemical methods. A simulation model of the
contamination process also permits the calculation of some

storage figures.
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It became evident at an early stage of the study that additional
data had to _be obtained. In three  units: Schoonspruit,
Steenkoppie an; Zuurbekom, surveys have been conducted which
included plotting, levelling and sampling of existing
boreholes. In Zuurbekom a series of 34 boreholes at 23 sites
were drilled, so as to complete a net of observation points.
Aquifer tests were also conducted at selected locations. This

will enable a long-term detailed study of a model dolomitic

compartment.
GEOGRAPHY
Areal scope

The studied area extends between longitude 26°30'-28°00" and
latitude 26°00'-26°30' (see Fig. 2.1). The combined area of the
Pre-Cambrian dolomitic outcrops and sub-outcrops, overlain by a
blanket of weathered rock material or éoil, is of the order of

4 000 kmz.

Physiography

Physiographically the area constitutes part of the Highveld of
the Republic of South Africa, elevatidns being in the range of
1500 -1 700 m« A rather smooth, flat, surface relief is
c;aracteristic of the dolomitie terrain. The sedimentary

sequence of the Pretoria Group, overlying the dolomite, tends to

form a hilly elevated country bordering the dolomites.
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Most of the surface water on the outcrops of the dolomite drains
to the Vaal River basin except for limited parts near

Krugersdorp and northwest of Randfontein where water courses end

in the Limpopo River basin.

Climate

The climate is sub—humid with typical summer rainfall and dry
winters. Precipitation extends over a long period of the year
compared to a short dry winter season. The annual march of
rainfall, (Fig. 2.2), demonstrates the relative monthly amounts
of ﬁrecipitation. The highest monthly rainfall occurs from
November to February. Folder 2.1 illustrates the daily rainfall
pattern of a period of several comsecutive years. The mean
annual rainfall decreases from 700 mm in the east, to 590 mm in
the west (Weather Bureau, 1972). Classification of climate and
experimental work (Schulze, 1958) point to the high potential
evapotranspiration prevailing in the a?ea which also correspond
in time to the rainfall season. Rainfall is often in the form
of thunder storms and shows marked variations in daily amounts

even between adjacent rainfall stations.

More than fifteen rainfall gauging stations were operating at
one time or another in the area of “whith only seven to ten hawve

been simultaneous.
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GEQLOGY gk
Statrigraphy

The aquifers involved in the present study consist of the near
ground surface parts of the Malmani Subgroup and of accumulated

weathered products of the Malmani Formations.

The rocks of the Malmani Subgroup were déposited in the
so—called Transvaal Basin. Visser (1970) postulated two
parallel depositional basins striking east—northeast; where the
southern-most of the two is the Potchefstroom Basin. These
basins were separated during the said period by a high that

stretched from Ottosdal via Johannesburg to Bethal.

A recent revision of stratigraphic units, suggested by the

Geological Survey (Provisional stratigraPhic Subdivisions, 1980)

replaces the former “Dolomite Series” by the Chuniespoort
/

Group. The Malmani Subgroup includes fpur or five formations as

presented in the following table (Fig. 3.1).

The total thickness of the Malmani Subgroup in the studied area
as revealed by mine exploration boreholes does not amount to

more than 900 to 1 100 m. s e
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The sequence of this subgroup is comprised predominantly of

non-clastics, namely, dolomite, dolomitic limestone and cherty

dolomite with intercalated chert beds and nodules. A rather
high iron and manganeée content is typical. these rack facies
indicate quite shallow conditions where subsidence  and
deposition were in equilibrium for a2 long vperiod. A stable
shelf environment with a1 distal negative source area is

suggested by Visser (1970).

The following ecycle of deposition in the Transvaal Basin, the
Pretoria Group, 1is composed mainly of argiliace;us and
arenaceous rocks with several lava flows. During this cycle, as
compared to the dolomite, relatively unstable conditions
prevailed, with mild basin subsidence and some uplift of the
source area. The transition between the two cycles is rather
sharp, simultaneous and recognisable over the entire basin.
Lithologically the transition beds, Robihoogte Fm., includes
shale, quartzite, chert breccia and congiomerate.

The Malmani Subgroup rests on a wal;—defined thin zone of

unconformity composed of clastics such as shales, conglomerates,

quartzites, generally with a thickness of less than 30 m.

Structure and tectonics

The dolomites were subject to repeated phases of folding and

faulting. The pre-Pretoria transition beds could indicate the




first discordance due to limited folding. It is assumed

(Van Eeden, 1972) that several tectonic cveles took place during

the Transvaal sequence, characterised by some folding, tear and
other faulting and gravity sliding. A major folding and
faulting cycle accompanied the emplacement of the Bushveld
Complex, + 2000 m.y ago. Another prominent folding and
faulting is the Pilanesburg phase, dated 1 300 - 1 40Q m. V.
Later movements are related mainly to .upwarping and on the
whole, stable cratonic conditions prevailed in the studied area.

Two structural elements, the Vredefortc Dome_ ;ﬁd the
Ottosdal-Bethal Line, played a major role in shaping the
folding. Between these two rising rigid nuclei of crystalline
rocks, the compression of the Transvaal Sequence took place. An
anticilinal structure along Ventersdorp—Krugersdorp thus divides
the opresent dolomite outcrops into two units, one dipping
northwards, the other, on the flank of Potchefstroom Syncline

dipping southwards. f

Intrusives, often diabase, as dykes and sills penetrate the
dolomite. Some are probably connected with the Pretoria Group
volecanic eruption -phases. Evidence for this magmatic Ectivity

is encountered in many mine exploration boreholes.




- and magnetje methods. Gelletich (1937) divideg dykes Systems in

the Central par¢ of Southern Transvaal into three groups,
dccording tq different magnetie Signature:
(a) Pre-Karoo Pilanesburg Dykes

(b) Post-Kareo Dykes of the East Rand

The major dykes in the Studieg drea (Fig. 2.1) are Syenitic

e

dykes ang belong to the first group. Radiodating 0f the dykes
€stablisheq an age of ) 310 + 60 Mm.y. for the Pilanesburq Dykes
(Van Niekerk, 1962) apg 1 120.i 45 m.y. for the East Rang Dykes
(McDougal, 1963) Namely z1gg Pre~Kargq. A Tacent deromagnetic
Survey interpretation by Day (1980) ?onfirmed and inp cases

&xtended the previously Mapped dykes, It alsg disclosed a8 group

of E-W Striking dykes.

and the wedging out of the dolomite due to Lruncation, The
thickness ig ninima]l close tq the Ventersdorp—Krugersdorp line.

It alse demonstrateg a Pre-Pretoria ma jor Unconformity as a

I 300 p.
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GEOHYDROLOGY

The bed rock

The Malmani Subgroup is composed of predominantly dark grey

dolomite with chert and quartzite beds and nodules. A rather
high iron and manganese content is typical. The dolomitic mass
is practically devoid of any effective primary porosity. It is

due to later ©processes such as dissolution, leaching and
karstification that hydraulic conductivity has developed in

these carbonates.
Morphology

It has already been noted by Brink and Partidge (1965) that
morphologic features of the Transvaal karst differ in some
aspects from classical karst as described for instance by Cwvijic
(1918). 1In most of the Transvaal dolomites there is no wide
aistribution of naturally occurring dolines and sinkholes. 1In
the studied area however, true karst morphology such as
disappearance of streams, disolution sinkholes and depressions,
does occur altheugh in limited parts of the area. The
topography is rather flat, corresponding to the "African Erosion
Surface” (King, 1962) as suggested by Marker and Moon (1969).
the northern dolomite outcrops were despribed as "Plateau

morphologic” type and the southern outcrops as "Vaal River” type

by Martini and Kavalieris (1976).




4.3 Upper cover

The bedrock in these dreas i{g fenerally COnceajeqd beneath 4
mantle of Weathered Mmaterialg,

the thickness of whiech
laterslly considerably OvVer relar;

vely

part dCcumulategd as transported alluviug.

It includes
soils,

residuaj
clays, shales, tarbonaceonyg shsles, marls, sands, rubble,
gravels, brecciated chert, conglomerates

and

varioug
combinations of these Tock type

S,

The development of permeability

Karstification is 3 ma jor Focess jip 'the
N P

Soluble carbongte '
dissolution by meteorjc

disintegration of
carbonate rocks.

Susceptible to

Vaters whiep have become slightly acid
and

b
therefore agressive, 48 a resylt of Passing
atmosphere

bicarbonate ions

Eroundwater,

Quartz, minerals,

and hydroxides i
Manganege (Wad) are lef¢ behing. The residua] MASs, when
undisturbed, » is Spongy, compressible, of  low
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Lithologic and Structural inhomogenities of the carbonate
bedrock generally lead to differential dissolution. In the
studied area ;umerous igneous intrusions, mostly in the form of
dykes, penetrated the Holomite. Contact zones in the host rock,
next te such intrusives, favour 4@ more intensive leaching.
Brink and Partridge (1965) postulated differentia] solution

along a pattern of fracturing in three major sets, marked by the

distribution of sinkholes and subsidences. According to these

along the margins of a structural basin.

Topographie relief, especially drainage base levels are among
the main factors controlling karst development. The evolution
of karst with time, under undisturbed conditions, may
schematically be conceived as a cycle including several phases
from youth through maturity and late maturity to old age, with
typical manifestations at each phase. At maturity underground
drainage is at maximum due to the completion of an extensive

interconnected cavity system and the role of surface drainage is

very limited. If, during the later phases of the cycle, o

change of groundwater elevation takes Place, ground surface will
e planed down to the water table, terminating thus any further

karstification, and surface drainage will again prevail.

Strictly stable conditions, where the water table would
constantly remain at the same level, are seldom encountered in

nature. The lowering of base levels through valley incision,

ey Vegy s
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Process which initiatesg the rejuvination of karst formation at a
lower altitude. The-upper, earlier, karstifieg horizaop remains

above water leye] and within the vadose zgpe.

Cavernoysg Systems in the vadose Zone with an access tq ground

and sett]e in the EmPLY space. Deposition of calecite or

aragonite algg Contributes ¢q the filling of space.

descending Waters, Extensive Progressivye upward caving may
affect the éntire rock Section, up to the ground surface. Thus
28 rather loosely Packed wWeathered Fone is formed where
instability is characteristic. Sinkholeg of the Compaction apg
collapse type (Jennings et al, 1965) ang land subsidencesg are
read justment Phenomena of the unstapje Tesidual cover.

The recent dEWateriog °f a number of dolomitic Compartments jpq
the Far West Rang by gold mines hag caused 3 Substantig] drop of
groundwater levels, Parts of the Weathered unconsolidared
tover, which Previous]y lay withip the Saturated Zone, hgye been
drained loosing thereby the interstitial hydrostatic liquid
Support. Articicially induced read justment activity hag thus

been triggered witp an acceleratipq of sinkhoje formation.




The evolution of the aquifer

The developﬁeni of permeability in the near-surface zone of the
Malmani Dolomite in the study area, since its initial exposure
Lo atmospheric conditions, is intimately related to
karstification. Karstification is understood as a prolonged
process whereby successive, laterally extensive, rock =zones
underwent dissolution and leaching in the upper part of the
groundwater levels. Such a process, if viewed in step stages,
would lead to the evolution of subsequent karstified horizons,
each horizon having an integrated net of fissures, cavities and
voids. The assumed lowering of groundwater level being a
function of the erosional downcurving process constantly shaping
land surface and base levels. Each new dissolution cycle would
invoke a certain amount of disintegration (caving-in) in the
rock material of the overlying vadose zone due to the action of
meteoric water. This combination of fissured karstified bedrock

and accumulated weathering products comprises the potential
/
permeability in the studied complex.

As already mentioned, a number of intrusives, mainly syenite

dykes cut through the dolomite, subdividing in this way the

extensive dolomitiec outcrops area into smaller geohvdrolosic
units, or compartments (Fig. 2.1). The downward prosress of
karstification is dependent interalia on the rate of erosion of
such dyke barriers which control base level elevations. It is
noteworthy that permeability in the investigated aquifer
generally does not extend beyond a depth of 100 - 150 m helow
surface. It may therefore be concluded that paleo valley

incision never exceeded a depth of approximately 150 m.
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Data collected from hundreds of boreholes in the Far West Rand

drilled by the Geological Survey as well as some 30 new

exploration boreholes recently drilled in the course of the
current investigation in the Zuurbekom Compartment, have been
examined. Occasionally some details of the geological
succession penetrated by these boreholes were not clear enough
and could not be accurately logged. This is because percussion
and air drilling methods, without coring, were exclusively
employed. For instance, it was sometimes impossible to
distinguish between transported and residual weathered
clastics. In a few instances water-bearing, fractured-jointed
zones, which occurred in an otherwise solid rock succession,
were difficult to identify. 1In spite of such minor problems a
rather comprehensive picture of the sub-surface geology is

disclosed.

The upper part in many boreholes consists of layered variegated
clay-shales, red, brown, pink, yellow;and white, often sandy and
including chert pgravels and fragments. Towards the bottom of
this clay section, black carbonacenus shales may occur, resting
on an irregular, brecciated, weathered chert and dolomite which

often constitutes an aquiferous zone. These clastie outliers

are remnants of Karoo sediments (Ecca Group), which once
extensively covered the whole area. Karoco sediments also
occasionallly appedr as outcrops overlying the dolomites. The

total thickness of the clay section, when present, varies from
several metres to a few tens of metres. It is inconsistent

laterally, which is also true of the black shale member.

The brecciated leached -and weathered aquiferous zone wmerges

downwards into the solid rock formation.
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Groundwater levels in numerous boreholes in the study area,
especially in well-defined compartments wuch as Zuurbekomn,
Gemsbokfontéin; Venterspost and Bank, bear evidence to the
extensiveness of a regional aquifer. Gradients are generally
low within the boundaries of each geohydrologic unit. Discharge
from dolomitic springs also confirms the existence of rather
large groundwater systems with a well developed interconnection
of voids. The aquifer is however by definition heterogenic and
often anisotropic, as would be expected by the very origin of
this karstic permeability. Transion from phreatic to confined

conditions have been noticed.

It seems plausible to assume that the apparently weathered =zone
immediately overlying the solid rock consists of residual
disintegrated collapsed rock material of an old vadose zone,
formed as previously described due to kargtic dissolution at a
deeper level which had been activating the erosive consumption

t

in the upper levels of this vadose =zone. In such subsidence

]
i

{
structures as dolines and polje conditions favoured the
deposition of the black shale. The aquifer on the whole
consists of a combination of karst debris and fluvio-glacial

deposits, the relics of an ancient Pre-Karoo or Dwyka surface

drainage system which possibly dincluded also tillites and
moraines. At a later stage, with the deposition of shaly Ecca
beds, karstification had stopped. The coating of the dolomite
by clays exerted an impregnating effect and sealed off the
underlying pervious zone. As long as the aquifer |was

extensively covered by thick Ecca strata, no further karst
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formation was possible. Later geological developments gradually
stripped off and uncovered parts of the buried aquifer (Fig.
4.1). WithAthg exposure of renewed areas of intake and outlet
for meteoriec water, rejuvination of the aquifer started, the
fossil aquifer being reactivated. In places a new
karstification cycle began. Recent groundwater flow pattern
often follows ancient underground channels such as burried

relics of Pre—Ecca surface water courses or moraines.

Following the removal of the overburden above the dolomite and
due to the irregularity of Pre—Karoo morphology, with areas of
subsidences and sinkholes, patches of Karoco outliers were
characteristically left behind. Present day topography is
featured by renewed mild down—cutting of the land surface. In
that way, reverse topography is sometimes encountered - a
phenomenon already observed by Du Toit (1951) in the Lichtenburg
area.

Geophysical methods such as gravity suéveys proved an efficient
explor;tion tool. In the Zuurbekom aréa the drilling programme
was planned so as to locate most of the borehole sites on
residual gravity lows (Folder 5.1) with the aim of penetrating a
maximum thickness of the weathered zone, and éséﬁmiug a
potential aquifer. It was also expected that in such lows, more
or less homogenous aquifer wmaterial and structure might be
encountered, which in turn would eénable the performance of
aquifer tests. It was found that residual gravity maps convey
the presence and extensiveness of Ecca outliers as well as of
weathered rock material, chert breccias, glacial deposits ete.

which form the aquifer. No distinection is possible on the

residual gravity map between the different lithological units.
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The interpretation of geological findings whereby the formation
of the aquifer is dated to at least Pre-Ecca times, would
account also for the limited depth of the aquifer. Most of the
dyke systems are assumed to be of Pre-Karoo ages and incision
and erosion of these hydrologic boundaries took place during
Dwyka times. Since then, and due to the pProtecting cover of
later sediments, no further down-cutting of the relief
occurred. On the o;her hand one could expect that such dvke
boundaries had been down-planed in restricted places by glaciers
and rivers forming gaps which allow groundwater flow betwéen

ad jacent geohydrologic units.
The dating of karst

The dating of the karst formation in the Transvaal Highveld is
rather complicated in the absence of stratified young deposits.
Several workers applied geomorpholog;cal methods relating
ancient water table =zones to ma jor Frosion surfaces (King,
1962). Brink and Partridge (1965) consgdered an upper (+5 110")
and a lower (+4 800') karst level in West Driefontein Cave, to
have originated during Post-Gondwana and African times
respectively - Sigilarly these authors maintain an African age
of formation for the upper section at Sterkfontein Cave
( +4 800'), and a later Post—African for the lower section
(4 700:). According to Marker and Moon (1969) the Highveld
caves fall into a group formed during the African Cycle (Late
Cretaceous - Mid Cainozoic). Four periods of karst formation

have been described by Martini and Kavalieris (1976), which
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correspond stratigraphically to ma jor Post-Dolomite breaks in
deposition. The latest, Tertiary to Recent, has according to
these authoré, contributed most to present day permeability of

the dolonmite.

Based oﬁ the present study it is suggested that a Pre-Ecca
period of karst formation may be identified. This had been
followed by and was partly contemporaneous with a fluvio-glacial
period. Not much can be concluded concerning the neﬁ cycle
which started after most of the Karoo sediments had been removed.
Evidence supporting climatic fluctuations between wet and more
dry periods during the Quaternary, based on surface and cave
depositional sequences in Northeastern Transvaal, have been
postulated by Marker (1972). Such Successions were not found in
the studied area, probably because later geologic events are
more of a denudational character.

{

INVESTIGATION OF ZUURBEKOM COMPARTMENT |,

Introduction

The dolomite aquifer in the Far West Rand, Southﬁestern
Transvaal, is subdivided into smdller- geohydrologic units or
campartments by the presence of hydrologic boundaries such as
impervious dykes (Enslin and Kriel, 1967). Zuurbekom
Compartment constitutes such a unit, covering an area of some

130 kmz. It is bounded on its western, southern and eastern
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flanks by three major dykes. The northern boundary is formed by
the wedging out of the Malmani Subgroup on top of the
Pre-Dolomite formations namely, the Black Reef, Ventersdorp Lava

and the Witwatersrand Super Group. A detailed investigation

‘undertaken by Randfontein Estate Mine revealed a further

complicated dyke pattern, within the said compartment (Fig. 5.1).

The Wonderfontein River crosses the compartment in a
northeastern to southwestern direction and the Klip River runs
parallel to the eastern boundary (Fig. 5.1). A -moderately
enlongated topographic divide separates the two water courses.

In most of the area, ground surface slopes to the southeast.

The first step in the investigation included the compilation of
data and a survey of some 70 boreholes (Table 5.1), information
was summarized and recommendations outlined in a preliminary
report (Gh3020). This was followed by an interim report which
included partial results of water analyées. Later the drilling

’

of observation holes and aquifer tests Were undertaken.

Cooke Section of Randfontein Estates G.M. has lease areas within
the compartment area, along the Wonderfontein River. Two shafts
are presently operating. The reduction and recoveéy —flant is
situated in the northwestern corner of ‘the compartment. Another
mine, South Roodepoort Main Reef, borders the compartment to the

north. A Rand Water Board pumping station, which includés

several boreholes, is located at the southeastern part.
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TABLE 5.1: Borehole survey in Zuurbekon Compartment, Novemher 1977
Use i D - Domestic water supply; C - Stock watering; I -
Intensive pumping
Equipment: W = Wind =pump; 0 - Open hole; T - Turbine pump; P - Pump
not defined
Observation: R - Automatic recorder; + — Manual observation;

X — Observation possible

TBorehole Elevation m Use Equipment Observation
number a.m.s.1.
Gl142 1566,40 - 0 +
G1163 1570,16 - 0 +
G1195 1574,69 - 0 %
W150 1585,98 D W + -
G1196 1576,08 - 0 4

61496 1594,40 - 0 +
b1457 1579,28 - 0 +
2WBl1 1590,39 I T -
2WB3 1587,60 I T X
2WB4 1588,44 I i X
2WB5 1588,48 I T _
2WB6 1589,27 I T : X
W137 1585,02 D *, +
W136 1586, 38 D T X
Mg3 1589,16 D I X

“G1498 1590, 40 - 0 +
WAWLO0 1605, 44 = 0 -+
PV22 1603, 54 D P +
GB13 1585,57 = (2 0 R B
GB47 - - P X
LVP1L 1591,40 = 0 X
302 1605,21 D P X
LVP8 . 1594,28 - - X
GB16 1580, 38 - 0 R
LVP31 1604,41 - 0] X
IWB1 1607,47 . - 0 X
IWB5 = I T -
$555 1608,17 - 0 &
W318 1602,85 - P X
XW6 1613,05 - 0 %
XW7 1613,87 - 0 =




[RS]
O

Borehole Elevation m Use Equipment Observation
number a.m.s.1. -
Xw8 1614,01 - 0 -
X9 1613,77 - 0 =
XWl0 1613,15 = T X
+XW11 1612, 44 - - R
XW15 1612,18 - g %
XW16 1609,99 - T X
XW14 1612,63 - i X
1WB2 - - T -
1WB3 - = T -
1WB4 - - T - -
LWB4A 1608,14 - 0 X
: LWB4B 1608, 34 - T -
1WB4C 1608,36 - T -
LVP17 1613,30 - 0 R
G1356 1605,38 - 0 +
W312 1629,93 D W X
W367 1613,97 D; C 7 X
W368 1617,10 - - 0 -
G1511 1623,90 - P | X
W347 1627,07 - P X
W405 1628,94 D; C W X
_PL1 1627,78 - W X
PL2 1648,91 - P X
RWB? - I T =
PL3 1616,27 . W X -
Gle&l9 1586,07 = 0 X
RWB1 1571,10 - ~ X
RWB4 1564,94 - - X
RWB5 = I T =
RWB6 - I T -
RWB8 - I T X
DF1 1579,10 : = W =
Lenz 1 1582,83 = 0 X
1 1575,56 D: € T T X
G1548 1568,14 0 X
5(W364) 1567,07 D W X
W360 1563,06 W X
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This compartment has been selected for a lonp-term detailed
study as it involves a combinatian of various aspects such as:
Contamination of groundwater, surface and groundwater

interaction, possible futyre dewatering and practical management

and co-ordination problems.
Groundwater abstraction

For many years exploitation of groundwater in this compartment

. ; .63
had been confined to fairly constant amounts of 10 x 10m
Per annum, abstracted by the Rand Water Board at its Zuurbekom
pumping station, as can be seen in Fig. 5.2, based on Rand Water

Board annual reports. Pumping from this site dates to the

beginning of the century.

Pumping affected the natural discharge from this compartment,
which used to issue at Klip River Eye. The eye dried up,
although occasionally, following high rd&nfall seasons, it would
temporarily resume its flow. No recor&s are however available
concerning these flow volumes. A vague estimation puts the
pre~pumping flow amount at 5 x 106m3/year (Enslin, 1967).
It is noteworthy that no substantial decrease in watef 1;§el has
been noticed. Flow measurements carried out recently at the
Klip River Eye, between May and August 1980, reveal considerable

amounts of discharge, between 314 m3/h and 510 m3/h-
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Conditions have, during the last years, changed with the
introduction of mining to this area. The following table
furnishes some. figures concerning the sources of water supply

and disposal at Cooke Section G.M., valid for 1978.

TABLE 5.2: Water balance at Cooke Sectiom, in 106m3
Source Disposal
Pumpage from Sahfts 1 and 2 6,2 Dolomitic water to Wonder=
fontein R. 1,8
Pumpage from boreholes 3,4 Dolomitic water to under=
ground I
Egprified sewage 143 Purified sewage to Wonder=
‘ fontein 1,3
Imported from R.E.G.M. 1.3 To farmer 0,6
To quarry 0,2

The net abstraction therefore from the dolomitic aquifer:

6,2 + 3,4 - 3,7 = 5,9 x 10%7 /year.
Figures obtained recently (1980) indicate an increase of the net
abstraction, namely: Total pumpage = 10,3, Total returns = 2,7

10,3 - 2,7 = 7,6 x 10%°.

Abstraction of water by the mine includes water infiltrating
into the underground workings, which is collected and brought to
surface at the shafts, plus water pumped by boreholes from
shallow depths. Areas where the ;ﬁéfﬁs and pumping boreholes

are located are indicated in Fig. 5.4.

3
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Surface water and mine effluents -

Flow 1in the surface water courses no longer accurately
represents undisturbed conditions. It consists to a large

extent of various effluents.

The annual flow in Wonderfontein River, gauged at Stétion C2M23,
was previously din the range of 4-6 x 106m3 (Hydrological
Information, 1978). This flow has doubled since 1975/76,
Fig. 5.3. This runoff is only partly due to high rainfall and

most of the excess annual runoff comes from the following

sources:
Mine effluents upstream (highly mineralised) 4=-5 x 106m3
Dolomitic groundwater from Cooke Section G.M. 1,7 x 106m3
Reclaimed sewage from Cooke Section G.M. 1,0 x 106m3
Reclaimed sewage from Krugersdorp Plant 2:5 X% 106m3

{
The combined runoff enters the Donaldson Dam reservoir and fills

it to the maximum capacity, the rest spills downstream.

The nature of the flow in Klip River is similar. _Mineralised
mine effluents, treated and untreated Sewage water are the major

sources. S e Vs
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Another source of surface warer has its orvigin at South
Roodepoort Main Reef Gold Mine. 1In this case, the mine diverts
pumped water-into earth dams, see Fig. 5.1, and furrows which
lead the water southwards. Water is practically being spread
over the surface and eventually is absorbed in an excavation at
point Y. Part of this water is being used for irrigation. The
estimated quantity disposed of in that way amounts to

0,66 x 106m3 per year.

Groundwater flow pattern

Two simultaneous water level maps are shown in Figs. 5.4 and
5.5, the one of December 1977 and the other of September 13980,
on which information derived from new observation holes has been

incorporated.

A number of dykes further divide the compartment into smaller
units in the area of Cooke Section ,Mine. These dykes were

!

detected as a result of detailed mining exploration.

It is also inferred from groundwater levels, Fig. 5.5, that the
west-trending dyke to the south of Cooke 1 shaft, extends
further west and east than previously surmised. The apparently

uncomplicated sub-surface structure in'-the eastern part of the

compartment could well be due to insufficient information.
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The indicated flow directions suggest that— under natural
conditions, groundwater from sectors A, D and part of B, with a
surface area ;of 37,75 kmz, drains westwards, eventually
overflowing into the ad jacent Venterspost Compartment.
Groundwater from sectors C, E and part of B, with a surface area

of 92,25 kmz discharges at the Klip River Eye and the

Zuurbekom Pumping Statiom.

It appears from Fig. 5.5 that a certain amount of groundwater
from sector A also recharges sector B. This flow picks up

contaminated river water which is thus introduced into sector B.

Influent conditions apparently exist in part of the eastern
boundary. Here too, water flowing in the Klip River, presently

mostly contaminated effluents, infiltrates into the aquifer.

It is obvious that the heavy pumpage un?ertakén lately by Cooke

Section mine has already affected and d;storted the natural flow
{

regime. This may be noticed in the area of Shaft No. 1, where

flow direction has reversed. 1t also manifests itself in the

development of a local trough around GEl6.

Qualitative study

A few boreholes in the area, where automatic recorders have been
installed, for instance LVP24, GBl6, GBl3, reveal a pronounced
cyclic tidal effect. Fig. 5.6 illustrates omne such borehole.

Two diurnal maxima and two minima can be noted. A sinesoidal
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change of the amplitude during each month shewing two maxima and
two minima can also be observed. This feature ig characteristic

to confined tp semi-confined aquifers.

Behaviour of water levels in the dolomite aquifer does not
reveal a simple relation between pPrecipitation and rise of
water levels. It will be Suggested, later in this study
(Part 10) that the mechanismrof natural recharge involves a two
phase System, an immediate ope as shown {in Fig. 5.7, and a
delayed one with a lag period of four to six months. Records of
groundwater levels for long-term observation periods are shown
in Figs. 5.8, 5.9, 5.10 and 5.11. It is noticed that often the
highest and lowest seasonal water levels are shifted forward in

time by about six months relative to the rainfall distribution.

A substantial rise of the water levels corresponding to high
rainfall seasons, such as 1970/71, 1975/76 and 1977/78 can also
be seen. )

/
In some boreholes the vertical magnitude of water level
fluctuations is considerably bigger than in others, for instance
borehole B13 Fig. 5.11. This could suggest a relatively

limited Storage.

Mt r :-l~

A marked drop of warer levels which started in March 1978 can be

observed inp boreholes LVP17, GB13, GBlé and PV2, and this could

result from a combined effect of npatural discharge and
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Over—pumpage. A similar behaviour of the water levels has been

recorded in the ad jacent Gemsbokfontein Compartment, where only
40 - 60% of. abstracted groundwater has been recirculated into

the aquifer.

Gravity surveys conducted by the Geological Survey completely
covered the studied compartment, as well gag the bordering
compartments to the west. Station spacing was generally 100 m.
Readings were corrected for latitude, Bouguer Free Air, drift
and tidal effects. Values were plotted and contoured to produce
a Bouguer Anomaly map. The residual gravity map, presented in
Folder 5.1 by courtesy of the Geological Survey, was derived by
subtracting the regional gravity values from the bouguer Anomaly
values. The regional gravity map presents a reference gravity
surface at the water table elevation. Its construction was
fascilitated by the drilling of gz network of boreholes down to
the solid dolomite. The observed gravity at each of these

boreholes was corrected in such a way as to yield a value
’
{

corresponding to a completely dolomitic section up to the water

table reference plane.

The advantage of the resultant residual Bravity map lies in the

elimination or reduction of gravity effects of deep seated

features. Negative areas or lows on the residual gravity map

overburden of weathered rock material asg epposed to positive
highs where the solid dolomite bedrock is close to surface. The
density of the weathered rock materials, on the average, is of
the order of 2,35 g/cm3 while that of the solid rock is around

2,85 g/cm3- The density of the rock units comprising the
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overburden naaturally varies tonsiderably, 1,2 - 2,6 g/cm3
(Kleywegt and Enslin, 1973).

Results of drillings are shown in Folder 5.1 for comparison with
the residual gravity. The presented thickness of the weathered
rock has been calculated to include all rock material down to
the solid dolomite. Only part of such a section is a potential
aquifer. It has often been noticed, that the top part of the
dolomite, below the more clayey overburden is extensively
leached, jointed and water-bearing. This zone, assumingly
representing the latest karstification phase, has also been
included in. the weathered rock overburden. The thickness of

this interface is inconsistent, but not exceeding 15 m.

Most of the observation-exploration boreholes drilled recently
as part of this project were sited on gravity lows. All of thenm
struck water and .the correlation with light density rock
material extending below the groqédwater table dis well
established. Yet this property does ngt necessarily guarantee a
high yielding borehole. In Fig. 5.12 condensed columnar
sections of these boreholes are shown. It is noticed that in
most cases the aquifer is semi-confined to confinéd and water
was struck in i;regular parts of the potential aquifer mass.

Fig. 5.12 also explains the tidal effect observed in the

hydrographs of many boreholes.

Lows on the residual gravity map would generally indicate a much
more clayey sub-surface section as compared with highs where a
relatively thin cover overlies the shallow bedrock. 1In trying
to envisage the actual way in which natural replenishment into

the aquifer takes place, Fig. 4.1, it is presumed that gravity
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highs possibly provide preferential intake areas,ﬁwhgrefrom the
percolating rainwater starts its tedeous route along the
fracturea zone down to the water table. A smaller contribution
to the recharge is expected over the areas of gravity lows, with
the exception of the areas in Proximity to the Wonderfontein
River. Along the river, due to the erosion of clays, gravity

lows often indicate recently weathered dolomite.
Geochemistry of the waters

Some 60 water samples have been analysed, the bulk of which are
listed in Table 5.3. Sampling points and sulphate content are

shown in Fig. 5.13. The samples come from boreholes as well as

from surface waters.

The sampled waters may be divided into five groups from A to E:
Group A

Contains uncontaminated aquifer water. Natural groundwater in
the area is characteristically bicarbonate water with calcium
and magnesium as major cations. A rather low IDS content is

also noticed. Included in this Broup are samples from boreholes

>

KGl, DP2, DP1, 2T2, ZT3, ZT4, ZT5, BL3, W312 and GS1 (No. 10

1a, 15, 19 20, 21, 22, 23, 32 and 33).
Group B
Sulphate waters, designated H to O, sampled in the Wonderfontein

River which carries a mixture of fresh surface water and various

effluents. Samples H, I and J which dnclude mine effluents and
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TABLE 5.3: Chemical analyses of waters _fr.om Zuurbekom Compartmenz, in millipgrams per litre
BOREHOLES —

No. Source TDS pH Ca Mg Na K S1i Cl 50[‘ HC03 N'[]J
1 Lenz 1 143 7,62 30,5 29,7 6,8 1,8 1,9 4,4 17,6 245,9 0,5
2 RWB4 314 7,52 33,0 32,3 4,9 0,0 15,6 2,9 55,0 178,8 5,9
3 RWB4 279 7,70 339 27,5 4,1 0,7 10,5 3,1 77,7 125,71 6,2
4 RWBL i 247 7,30 35,5 17,5 5,3 0,9 11,6 3,6 52,1 129,5 2,9
5 RWB7 245 7,72 30,9 20,5 4,0 1,0 9,0 2,9 52,6 127,4 5,1
6 Quarry 366 7,43 30,9 38,1 9,6 2,7 0,0 10,8 79,3 183,06 5,9
7 wW3e0 267 8,20 32,9 20,6 3,4 0,6 8,6 4,1 21,8 168,2 15,2
8 KG2 ¥ 299 7,65 39,1 21,2 4,4 0,9 10,6 3,8 15,2 198,4 15,4

9 K63 362 7,65 42,3 29,0 10,8 1.1 9,4 17,8 42,1 183,0 35,3

0 k61 220 7,68 27,7 18,7 2,5 0,8 10,1 2,7 0,0 157,2 9,8
11 DFl 218 8,25 27,5 15,3 3,0 1,1 10,0 2,7 3,5 156,0 8,3
12 pL1 26 6,4 1,7 0,0 0,0 0,4 4,2 2,4 2,7 14,4 3,9
13 e1sil 174 7,22 15,4 12,1 3,3 7,0 2,0 2,7 2,2 48,9 81,4
14 Dp2 85 7,19 19,7 6,4 1,6 1,0 7,4 0,8 0,0 62,8 1,5
15 DP1 84 7,02 10,6 6,4 1,6 1,0 6,5 0,8 0,0 61,4 1,9
16 w368 83 7,20 6,4 2,2 2,1 0,9 5,0 1,4 7,1 38,2 2,5
17 w367 96 7.75 10,4 4,6 2,5 1,3 7,0 0,7 3,6 66,3 4,4
18 71 414 6,68 43,3 21,2 49,0 2,5 5,4 18,8  241,0 28,8 9,2
19 zr2° .- 85 6,93 10,2 6,1 2,4 0,9 7,6 - 0,4 0,0 63,4 1,5

20 zr3 ¢ 161 7,35 19,6 12,2 5,0 1,0 13,7 1,5 0,0 108,6 12,4
21 zrh 19 5,54 0,9 1,2 2,0 0,8 4,2 2,5 0,0 6,9 4,3
22 715 70 6,80 5,2 7,8 WS 0,7 7,8 1,9 0,0 51,1 2,1
23 pL3 166 7,90 19,9 10,9 3,8 0,7 13,6 2,2 0,0 120,5 7,1
24 PL2 57 7,35 5,8 2,4 0,5 0,9 5,5 1,3 2,7 41,0 2,6
25 w407 341 7,12 31,2 16,4 49,8 0,5 6,6 17,2 159,8 50,0 15,8
26 XW6 360 7,40 49,3 31,6 9,5 0,4 6,8 6,9 162,6 90,7 8,4
27 wioz 69 6,80 7,1 1,6 7,1 0,5 5,4 11,2 2,5 30,3 8,2
28 P01 51 6,38 4,5 3,3 1,9 0,2 55 1,3 2,1 3,0 1,7
29 ss1 432 10,22 0,0 0.3 121,3 0,0 17,8 20,9 10,4 261,46 0,4
30 MBH1 150 7,14 16,8 13,9 1,9 0,6 /e 0,7 6,6 106, 0,8
31 MBH2 198 7,41 23,3 15,5 4,3 0,9 4,8 6,2 2,6 131,7 8,7
3z w32 76 7,60 58 % 1,6 0,3 &8 1,9 0,9 51,6 1,8
33 @si . 104 7,18 11,8 7,8 1,9 0,3 S, 1,3 2,6 69,3 3,9
% o 84 6,56 B,6 6,2 1,9 0,0 4,9 1,6 2,6 50,6 7,9
35 wils 122 7,05 13,9 7,1 3,3 0,9 5.8 4,5 9,6 75,0 2,5
36 Mg2 100 6,90 5,9 3,9 13,8 0,6 6,4 15,0 9,0 15,6 36,4
37 5855 38 4,04 6 1,7 3,8 1,8 5,2 2,0 8,8 0,0 16,1
38 1Bl 192 7,66 15,5 —10,2 17,6 3,9 1,2 19,8 2,8 59,0 63,0
19 L1l 113 7,19 14,5 10,0 2,9 0,6 51 1,2 13,6 66,3 3,4
40 LvE17 737 8,84 4,8 0,2 105,0  163,0 20,2 83,6 117,2 251,5 10,6
41 1WB4C 126 8,09 15,0 7,9 1,7 0,6 6,4 0,7 3,6 93,2 1,9
42 GBl6 213 B200 12,7 & 28,8 1,7 2,8 2,7 5,9 149,7 0,1
43 LyPs 192 6,90 37,6 2,9 8,5 6,3 0,7 2,7  109,7 14,8 9,2
44 gB13 564 11,32 *126,8 0,2 28,4 5,4 1,5 15,0  269,8 115,2 1,4
45 GBA4T 148 7,89 16,2 10,1 6,4 0,9 1,1 2,7 19,6 89,8 2,4
46 2WB2 1 298 7,75 194,7 94,0 39,6 1,4 8,9 26,4 B17,3 89,5 34,0
47 2uBl 1373 7,60 216,7 96,7 45,4 1,7 8,5 20,3  884,6 74,7 32,4
48 Lvpl 226 6,40 4935 5,3 6,7 5,2 0,3 4,1  124,5 19,6 11,
49 W13 121 6,67 15,5 9,3 3,3 0,5 5,6 3,3 56,6 25,0 7,7
50 Hg3 1 022 7,98 136,9 86,0 30,3 L5 6,4 22,6  655,6 64,9 24,0
51  G1493 1 317 6,91 251,5 52,4 54,2 5,2 4,8 18,8  903,9 30,3 0,4
52 w137 236 6,38 24,9 21,6 11,4 0,5 4,8 15,4 114,8 25,0 22,0
53 WL50 99 7,50 12,1 5,3 1% 0,7 5,7 2,7 1,6 69,0 5,8




52

WONDERFOHTEIN RIVER

No. Source TDs pPH Ca Mg Na K 51 C1 SC.‘!‘,1 HCO3 NDJ NH,
H W.R.C.G.H. effluents 1 270 7,16 568,4 50,0 63,2 k3 0,9 28,6 214,2 43,3 48,8 221,8
1 Effluents in river 2 JB? ¢,89 612,55 100,0 61,8 6,3 0,9 106,7 1 812,0 45,4 33,7 %7
J Reclaimed sewage 518 6,88 50,0 13,5 60,8 13,5 3,9 50,0 178,6 138,2 3,8 5,7
K Tributery R.E.G.M. 2 482 5,95 484,2 111,1 73,? 4,7 3,7 142,9 1 625,0 34,0 1,4 0,8
effluencs ~
L River water 1 967 4,32 379,0 87,5 57,9 0,4 4,5 28,5 1 363,0 0,0 46,0 0,5
M River water 1 850 5,8 410,9 51,2 75,0 2,9 1,5 34,6 1 279,1 0,0 33,2 1.5
N River water 1 032 7,01 87,7 '5,7 119,9 7,8 10,4 16,4 376,13 15,8 340,2 41,8
0 Doaoaldson Dam 1 758 6,32 323,0 70,0 56,0 4,13 1,9 23,0 1 250,0 0,0 29,4 0,0
—
: KLIP RIVER
Ho. Source TDS pH Ca Mg Na K Si Cl SOQ HCD3 ND3
A Irrigation furrow 806 7,75 99,1 63,0 32,7 1,8 10,9 23,4 416,1 162,9 6,8
in Pear =
B Stagnant water, ex= 853 6,63 102,9 70,9 41,0 1,1 6,3 30,5 431,0 155,9 9,3
cavation 1in Peat
C River nater, brown 948 4,39 182,4 35,0 29,3 4,7 3,0 26,2 634,3 1,1 24,7
D River water 1 420 6,77 266,4 61,0 53,8 6,0 2,1 32,9 938,8 51,6 9.2
E Average river water 285,0 59,0 50,0 2,0 22,5 840,0
SOUTH ROODEPOORT MINE EFFLUENTS
No. Source TDS pH Ca Mg Na K 51 Cl SDIl HCD3 N03
T South Roodepoort 605 7,06 72,3 31,3 60,8 2,3 9,1 18,9 354,7 50,3 5,0
G.M. Effluents ,
U Irrigation dam 545 6,97 68,5 29,5 55,2 2,4 3,4; 16,7 344,7 21,5 3,1
v Irrigation furrow 585 6,94 71,6 31,2 60,8 2,8 8,0' 18,7 347,1 39,3 5,1
W  Small irrigation dam 516 6,74 66,0 30,0 55,5 4,0 3,3 17,6 318,7 20,6 o,0
X Farm dam 452 7,23 57,2 25,2 50,8 5,4 3,4 18,6 271,5 18,7 0,7
Y Recharge excavation 532 7,09 66,8 30,3 59,8 3,1 6,8 18,5 321,2 22,6 3,2
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Teclaimed sewage were collected higher upstream and are not

—_—

shown on the map, Fig. 5.13. This group includes also another
set of similar waters, designated A to E from the Klip River.

Group C

Sulphate effluents originating from South Roodepoort Main Reef
G-M., designated T to Y. These waters are partly consumed by

irrigation.

Group D

Borehole waters sampled near the Wonderfontein river and assumed
to be a mixture of aquifer and effluent water. Samples from
boreholes XW6, LVPS8, GBl13, 2wWB2, 2WB1, LVP1, W136, Mg3, G1498
and W37 (No. 43, 44, 46, 47, 48, 49, 50, 51 and 52) indicate

the magnitude of mixing.

Group E

Groundwater abstracted by the Rand Water Board downstream and
close to where natural drainage previously took place. Relevant

samples are from boreholes RWB4, RWB1 and RWB7 (No. 3, 4-and 5).

-
~ 0.

Representative samples of the above’ groups are demonstrated on

stiff diagrams Fig. 5.14.

A cumulative enrichment in bicarbonate and alkaline - earth
cations proportional to the distance from the upstream boundary

of the aquifer would be expected. This can be observed when
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comparing the first ten analvses in Table 5.3 with the
remainder. In a simple, completely confined aquifer, this
enrichment would he explusively due to leaching of the aquifer
material and would be dependant on the intensity of interaction
df groundwater with the aquifer rock. Intensive interaction is
a function of time. A longer reaction period is achieved either
due to distance covered, or to flow restrictions encountered.
In .the case under study, because of the intake of recharge in
patches all over the area, additional contributions of
bicarbonate salinity may be expected from soil water along the

groundwater flow route.

When mixing of groundwater with infiltrating effluents is
considered, another chemical process is significant: By the

entry of CaS0,-rich solution, a common ion, Ca is

4
introduced which affects the solubility of calcite. All samples
which appear in Table 5.3 have therefore been investigated as
regards solubility of ealcite and gypsﬁm and were consequently

found to be undersaturated with respect to sulphate, Fig. 5.15

(After Hem, 1970).

It is concluded that the sulphate provides a reliable ﬁ;rameter
for the quantitative evaluation of contaminatiomn. It is further
observed, Fig. 5.15, as expected, that enrichment in HCO3 can

be traced to increase from the upstream intake area of the

aquifer towards the discharge boundary.

Results from chemical analyses of waters from newly—-drilled
boreholes and supplementary data from existing Tboreholes,
Table 5.4 confirm by and large the partial contamination of the

aquifer already at the upstream reaches.
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TABLE 5.4: Chemical analyses of groundwater from newly-drilled boreholes and fro:u-various ather water sources & |

fn Zuurbekom Compartment collected during 1979-1980, in milligrams per litre

EXPLORATION BOREHOLES (*SAMPLE OBTAINED BY PUMPING OR AIR DRILLING) -

Source Date DS pH Ca - Mg Na K 51 Cl 506 HCOJ NGJ
N4 6 1.8.79 582 7,35 72,6 46,8 22,3 1,2 8,9 25,1 337,13 68,1 0,0
N32%  7.8.79 174 7,58 23,6 14,1 1,6 0,8 8,1 2,1 15,5 103,8 4,4
N17A%* 14.8.79 - 264 7,41 32,4 23,2 5,0 0,5 0,0 6,5 23,8 165,5 713
N3L* 17.4.80 187 7,50 27,5 14,5 3,7 0,7 9,1 15 5.8 122,4 1,8
NZ9 14.1.81 175 7,10 25,2 15,0 2,4 1,1 12,0 1,5 3,8 112,5 1.2 ,
N27#  10.3.80 510 9,40 2,0 66,9 47,2 16,3 1.5 49,0 20,1 307,3 0,0 !
23 9.10.79 80 8,18 10,2 6,4 1,1 1,4 0,3 1,0 12,2 46,7 0,3
N24%  11.9.79 259 7,00 24,4 28,6 2,7 1,0 0,0 3,9 43,0 153,2 2,5
N24%  23.10.79 119 7,00 11,4 9,2 2,0 1,0 0,3 1,6 24,3 68,5 0,3
N18*  2.12.80 170 7,10 29,7 11,3 - 1,5 0,8 6,1 1,5 4,6 114,1 0,0 .
NG 3 29.11.79 207 7,90 19,8 21,2 7,3 1,5 2,3 7,5 11,5  135,9 0,0 '
N4k 1.10.79 50 6,34 4,7 2,9 1,6 1,3 4,7 4,2 1,0 26,7 0,9
N45 12.9.79 L4 7,83 a,7 13t 1,6 0,5 0,0 1,3 0,0 8,2 0,8 " |
N34 18.6.80 142 7,30 16,6 12,4 3,9 2,0 2,7 3,3 14,5 86,7 0,1
NZ 9.5.80 67 5,60 5,5 4,1 2,4 14 4,6 2,9 9,1 30,6 6,6 i
N14 6.6.79 442 7,40 63,5 31,0 3,5 1,3 4,9 4,9 45,7 287,33 0,3 g
N39 6;5.79 294 7,99 36,9 23,6 2,9 0,7 4,2 4,0 1,1 218,9 1,2 i
N15 516579 87 7,80 12,1 5,4 1,4 4,9 0,2 0,9 0,0 62,3 0,2 i
N38w 18.8-79 148 7,69 17,9 11,4 1,4 0,4 7.6 1,2 7,8 96,3 4,4 !
N12* 26.11.80 194 7,10 20,0 21,8 4,3 -1,0 9,8 2,1 12,8 121,6 0,1 .
N6* 15.12.80 587 7,20 95,3 48,3 17,1 1,3 7.5 10,9 321,5 83,8 1,4 i
N4* 18.11.80 69 6,50 7.8 5,7 1,4 b,6 4,9 0,8 4,4 43,4 0,4 f

MINE WATERS ARTIFICIALLY RECHARGED THROUGH BOREHOLES !"
Source Date TDS pH Ca Mg Na K si 'Cl 504 HC03 N03
Near 1WB1 14.11.79 977 7,44 90,3 7,7 164,6 7,9 10,1 ! 18,5 465,5 51,1 160,8 ¢ {
Near sewage pan 8.5.80 1346 5,80 167,3 27,5 221,0 15,0 10,0 4 34,2 686,1 62,3 122,8 i |

MINE EFFLUENTS

Source Date TDS pH Ca Mg Na K Si cl SD,‘ HI:IO3 N03
To Wonderfontein R. 18.7.79 841 7,19 17,% 6,9 157,1 8,3 9,1 15,3 464,8 52,17 50,1

Irrigation supply . 1B8.6.7¢ 803 7,30 56,8 6,9 150,5 6,3 9,5 15,0 401,1 48,3  108,4




I

SEWAGE WATER

Source Date TDS pH Ca Mg Na K S1i Cl 50, -~ HC03 .N°3

Sewage pan 9.10.79 14606 6,21 260,54 47,5 201,7 16,9 11,8 24,6 855,6 7,9 179,3

SLIMES DAM WATER

Saurce Date DS pH Ca Mg Na K 51 Cl 506 HCD3 NOJ
Pumped into dam 18.7.79 5129 3,65 473,0 159,4 127,3 13,5 131,4 165,8 4040,6 0,0 18,2

Standing in dam 18.7.79 5417 3,29 522,3 153,1 132,2 29,8 115,5 159,5 4280,4 0,0 24,5

N SUPPLEHMENTARY DATA FROM EXISTING BOREHOLES

Source Date TDS pH Ca Mg Na K Si c1 50, HCO; Mo,

XW17 14.11.79 74 6,62 7,9 4,0 1,9 0,7 3,5 0,4 1,2 54,3 0,5
CIMD2#* 14.11.79 141 7,20 17,1 8,9 1,9 0,5 6,2 1,1 0,6 98,0 6,6
1WBL* 14.11.79 189 6,85 20,6 10,1 12,0 1,4 6,4 2,6 44,9 71,4~ 20,0
LVP23% 27.6.79 175 7,16 21,8 12,2 4,7 0,4 6,6 3,8 40,3 80,2 5,3
2WB4* 11.12.79 1383 7,30 231,6 92,0 44,5 3,2 9,5 26,7 906,7 60,1 9,0
PV2Z " 6.6.79 248 7,53 29,8 18,9 6,9 0,1 2,8 1,3 0,0 188,1 0,0

KLIP RIVER EYE

Source Date TDS pH Ca Hg Na K 51 Cl 504 HCO3 NO3

Point of issue 10.7.79 392 7,44 51,1 32,4 9 1,9 6,5 6,7 85,9 196,9 2,2
Point of issue 7.8.79 391 7,49 58,2 29,1 6,0 0,5 5,8 4,9 77,3 208,2 0,9
iownstreanm 7.8.79 400 7,60 54,5 30,4 9,4 1,5 4,6 ' 7,9 87,9 203,2 0,6
Point of issue 29.10.79 406 7,76 56,4 26,2 7,5 0,4 7,00, 5,3 79,20 222.7 1,6
Point of issue 22.5.80 388 7,30 35,1 32,3 6,6 D,6 1,7 f 6,7 97,9 180,7 0,2

KLIP RIVER WATER

Source Date TDS pH Ca Mg Na K 54 Cl SU4 HCO3 NO3
Johannesburg Road 10.7.79 1649 7,86 317,2 73,7 57,5 11,3 2,3 50,5 1041,9  82,1— 12,0
Johannesburg Road 22.5.80 1476 6,90 295,4 65,6 39,5 4,7 5,1 34,8 957,9 51,6 1,8

Dowvnstream mixed 22.5.80 1436 7,00 284,0 64,9 39,5 5,1 3,9 34,2 925,7 56,7 1,5

(
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Borehole N46 drilled east of Zuurbekom Compartment's boundary,
indicates cqnatamination of the Klip River Compartment by river
effluents, thiz is supported by water analyses of oprivate
boreholes in Lenasia ‘along the Klip River (Report Gh3158,

Fleisher, 1981).

It is noteworthy that water recharged artificially by Cooke
Section Mine is also considerably mineralised as can be seen in
Table 5.4, and the same applies to effluents diverted by this
mine to the Wonderfontein River.

A sewage pan located in a topographic depression on the boundary
between sectors B and C, Figs. 5.1, 5.4 and 5.5, occupied an
area of approximately 105m2. The composition of the water
has also been presented in Table 5.4. Presently purified Sewage
is allowed to flow into the Wonderfontein River and this site

has been abandoned as far as sewWwage water is concerned.
'

r
'

{

Slimes dams were constructed at the northern edge of Cooke
Section lease area. These dams have been in operation since
1978. Analyses of water samples appear in Table 5.4 and give an
idea of the order_of salinity involved in slimes dams,. to be

discussed at a later stage.

Hydfologic assessments

In Fig. 5.2 a continuous increase in SO4 and TDS at Zuurhekom
Pumping Station since 1956 can be observed. Moreover the
concentration of the contaminant seems to increase exponentiallv

as can be noticed in Fig. 5.16. This phenomenon cannot be

correlated in a simple way with exploitation through pumpage.
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Two upstream sources of contamination have to be considered:
The contamination of the aquifer in the eastern part of the
studied comparfment, namely in sector B (Figs. 5.13 and 5.14)
has been identified and the mixed water designated as group D
(see section 5.6). This contamination is due to effluents in
the Wonderfontein River. It is restricted to a small area where
groundwater is of the influent type. It is also maintained that
this contamination is a rather recent development, caused by
intensive localised pumpage by Cooke Section Mine, and could
therefore not account for the observed long-term process. The
second source consists of effluents from South Roodepoort G.M.
which are being spread on the surface in the upstream area and
utilised for irrigation. As stated before, the current
estimated amount of effluents from this source is

0,66 x 106m3/year with a sulphate content of 320 mg/l.

It is further assumed that the latest pumping figures from this
mine may also be considered the high?st. The total annual
f

sulphate salinity  expected from this source is  thus
0,66 x 109 x 320 mg/1 = 211 x 109 mg as compared to the
minimum annual discharge of sulphate at the outlet
10 x lO9 x 80 mg/1 = 800 x 109 mg. In other words, salinity
derived from this source could only account fo-~ part of the
salinity observed at the discharge\pbiﬁt. An additional source
of contamination is therefore sought further downstream.;

Bearing in mind however that the previously discussed source of
salinity injectién has been operating constantly for many years,

one could expect equilibrium conditions to have been reached by

now in the aquifer. These conditions are reflected in Fig. 5.16
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during the period 1949-1953 when sulphate salinity stabilised at
15 mg/1. Water pumped at Zuurbekom station, most probably
presencs the begt available homogenous mixture of aquifer water
with South Roodepoort contaminants, due to the position of the
pumping field at the downstream end of the groundwater flow, and
before a second contamination mixture takes place. The figure
of 0,66 x 106m3/year refers to rather recent pumping
quantities at South Roodepoort Mine, it is reasonable to assume
that previously somewhat smaller amounts of 0,5 x 106m3/year
had been abstracted at this mine. The above-mentioned
stabilised salinity observed enables an approximate -estimation
of the annual natural recharge as follows:
320 mg/1 % 0,5 x 109 1=1,5mg/1l xX x 109 1

_ 320 mg/l x 0,5

6 3
= 10 10
Tt me /1 10,7 x m~ /year

X

In considering a suitable model to eﬁplain the additional
salinity observed at the discharge poiét it is noted firstly
that no lowering of groundwater tahle hés been noticed during a
considerable period, and secondly that salinity development
appears to follow an exponential trend. Annual sulphate wvalues
were plotted on -EEmi-logarithmic paper, Fig. 5.16,-—and a
straight line can be fitted.

Water flowing in the Klip River has consisted of various
effluents since the early fifties. It is tentatively assumed
that the salinities and quantities involved increased

exponentially, although no details are available to support this

assumption. It is suggested that most of the salinity at the
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discharge point, of the order of 600 x 107 mg sulphate. per
year, must come from the Klip River, and is caused as a result

of concentrated pumping.

Two potential source zones where raw effluents infiltrated into
the dolomites may be considered, ome along the Klip River bed,
upstream of station CZM39, still in the studied compartment, and
the other the Klip River Dolomitic Compartment which extends to
the east of the studied compartment. In both cases it would be
expected that the raw surface effluents of 850 mg/l sulphate be
diluted with aquifer water, the second alternative however,

would mean inflow of groundwater via the diabase boundary dyke.

The water sample obtained from borehole N46 (Table 5.4), and a
series of additional groundwater samples collected in Klip River
Compartment and mentioned before, prove beyond doubt that this
unit is already contaminated, at least in the vicinity of the

1

river. Yet the overflow from Zuurbekom Compartment at the Eye
{

seems to exclude the possibility of a contaminated groundwater

flow from Klip River Compartment to the pumping station.

Although no unequivocal clue may be drawn from the few available
groundwater analyses collected upstream of 2M39, it seems most

likely that this is the source zone Jf{séiinity to the system.

It should be gept in mind that the salinity of the effluent
generated at South Roodepoort G.M. has not been observed
regularly for a iong period, as would be required to arrive at
average figures. If, for dinstance, it is found that the

sulphate salinity amounts to 400 mg/l, as encountered in various







effluents from different gold mines, then the calculation of tha
natural replenishment has to be ad justed accordingly:

9 400x0,5

- ]
400 mg/le,5x1091 = 15 mg/1lxXx10"1 x = T3 =13,3x106mJ/year.

£

The percentage of percolated annual natural recharge out of
total annual rainfall may also be calculated as follows: The
average amnnual rainfall for a period of 10 years, 1969/70 -
1978/79, at rainfall Station 475/528 amouﬁts to 690 mm. The
area involved extends over 92,25 kmz, and includes sectors C,
E and part of B which under natural condition; w;;ld drain to
the Klip River Eye. The natural underground flow regime has
lately been affected locally through pumpage by Cooke SEction

Mine. These changes were ignored because the balance reflects

an average OVer many Years. The total rain volume is thus

') E
0,69 m x 92 km~ = 63,5 x 106m3. The annual recharge =
10,7 % 16%" or 13,2 x 10843, The percolation
percentage will therefore be in the range of
10,7 x 100 _ 16,87 to L3:2 x 100 _ 20,8%.

63;5 - 63,5

These are somgwhat high figures compared to 12,8%Z calculated for
the nearby Gemsbokfontein Compartment. Taking into account that
not all the annual recharge at Zuurbekom comes from rainfall, it
is concluded that the difference 16,84 .- 12,87 = 4% is due
mostly to inflow from the Klip River. Quantitatively this

contribution

10,7 x 106m3 x 4

16,8

will amount to = 2,5 x 106m3/year.

;
E
E
ke
E
3
3
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Based on the aforegoing it is further possible to calculate the

order of magnitude of groundwater which flows out into the
adjacent Venterspost Compartment. The area involved, sectors A,
D and part of B, (Figs. 5.4 and 5.5), covers 37,75 km? and by

applying a recharge coefficient of 13%Z, the outflow will be

6 2
37,75 x 10 ?oox 0,69 m x 13 _ 3,39 = 106m3/y€ar-

For the purpose of storage calculation a model is suggested
which is analogous to the one described for the Turffontein

area, (Part 9), modified to account for the exponential salinity

development observed in Zuurbekom. S

Supposing that inflow to the aquifer equals outflow, then from

equation (2) of the model, (section 9.9), one derives
vdc
ac T G-

where V denotes the storage of the aquifer, C the concentration

of contaminant in the aquifer as measuted at the outflow, C;

'

the concentration of the contaminant/ in the inflow to the
aquifer, Q the inflow and outflow and ¢t time. This equation
describes the conservation of mass of contaminant din the
aquifer. Thus, if (from Fig. 5.16) the concentration of the

contaminant increases exponentially, i.e.

L, EEE,

C(t) = a exp (bt)

For some parameters a and b one derives

- a(Q + Vb) =Q + Vb
C (t) = e (bt) _Tc(t)
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Thus if C(t) is of exponential form then CI(t) is of
exponential form with some constant b.

Plotting CI versus t ‘on semilog paper in the same manner as
the outflow concentration should then also yield a straight 1line
with the same slope. Furthermore, if the source contaminant
C is knpwn at some time t, since a and b are known from

I

Fig. 5.16, one can then calculate the storage V by

C.(t) C;(t)
- B I B DREY o I
v 5 3 exp {(-bt) 1 5 a3 1
Klip River infiltrated water, of the order of

2,5 x 106m3/year, contributes most of the salinity into the
system. In the earlier days when no contamination in the Klip
River took place, most of this amount was taken annually into
Zuurbekom aquifer as fresh water. This 1is based on the

assumption that since then, and due to the discharge of
'
{
effluents into this water course, sulphate salinity and the
magnitude of the percolated water have increased. The intake

salinity is thus regulated by a combination of fresh water and

- raw effluents.

To estimate the salinity CI’ data concerning average salinity
in boreholes located close to the influent section of the river
is required. Unfortunately no such data is available. Some
idea about the expected concentrations in boreholes can be
deduced from aﬁalogeous conditions in Sector B. Althouvgh this
information is insufficient for reliable calculations, it may

nevertheless serve to present the method.

amiae
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VvV = %- L -1 ; b is found from Fig. 5.16

0,6532

log 90 - log 20 = 0,6532; b’ = 27232

= 0,036

_ b _ 0,036 _
B logloe 0,434

Assume an average salinity in boreholes near the river =

400 mg/l and the corresponding C(t) 86 mg/1

10,7x10%1x15mg+2, 5510712400 16041000 1160
b (i) = g T T 10,7 " 10,7 '09ma/l
10,7%10°1 > ’

10,7 200 . =1 [1,26 - 1] = 129%0,26 = 33,6x106m3-

V= 35,0879 86

This storage refers to part of the aquifer only where complete
chemical mixture is a prerequisite as delineated on Fig. 5.13. |
In the case under discussion the surface area of this portion is
approximately 19 kmz. The saturated thickness of the aquifer

is 60 m. The storage coefficient S5, can thus also be calculated:

_34x10%° 100 34 x100 . |

S = 3% !
19 x 1061113 X 60 m LA

Results from pumping tests

Table 5.5 sums up the results of the various pumping tests in
Zuurbekom Compartment. Six sites were selected for the
performance of interference tests, N4, N6, N12, N38, N21 ;nd N32
(Figs. 5.1 and 5.12) and for this purpose the drilling of
observation bo%eholes at these sites was undertaken. The
observation boreholes were located at distances of 20 - 60 m
from the pumping borehole and within the residual gravity

anomaly.




TABLE 5.5:

2
Aquifer constants obtained from pumping tests T in m /day

and 5 dimensionless

Method Theis Jacob Res. Recovery  Remarks
recovery
N4B T 378 407 416 = Pumping borehole
s — = = - Q max=92 Q test=89
NGA T 425 o 450 i 365 = Observation
S 5,7x10 5x10 - r = 62,35 m
T 315 391 365 — Observation
. -3 -3
S 4,9x10 3,4x10 - - r = 29,87 m
N178 T 20,6 21,9 20,3 - Pumping borehole
5 - - = - Q max=59 Q test=54
N12a T 515 - 608 R 465 = Observation
5 1,7x10 1,3x10 - - r=658lmn
T 313 465 377 - Observation
N12 -3 3 )
S5 8,5x10 6,5x10 - - f r = 50,56 m
NGB T - - 29 166 27 898 Pumping borehole
= Q max=193 Q tést=146
N6 T - = = 20 651i" Observation
r =21,20m
N6C T - = = 29 166 Observation

r =43,74m




Method Theis Jacob Res. Recovery  Remarks
recovery
-— — P ]
N32 T 328 4i4 umping borehole
- 5 = - = - Q max=108,1 Q test=97
_N324 T - 5 015 B 4 634 5 329 " Observation
) 5 - 7,5x%10 1,8x10 r=29,78m
- 2 f 3
N32B T 4 263 " 4 394 5 6039 Observation
S - 1,2x10 1x10 ~ r = 56,88 m
. N29 T - 261 267 256 Pumping borehole
Q max=92,1 Q test=74,7
N31 T - - 773 810 Pumping borehole

Q max=81,1 Q test=49,2

!
Q max = The highest yield during step drawdown test.

'
'

Q test = Constant yield during in;erference test.

) Q in mB/hour.
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At two sites, N6 and N21, phreatic conditions prevail. In the
case of N6 no confining strata were encountered while at N21 the
imperviousAlayers are above the groundwater level. At site N32
phreatic conditions develop as a result of pumpage when the
dynamic water level falls below a shallow upper argillaceous

layer. At all other sites the aquifer is confined.

The transmissivities obtained at the sites where the aquifer is
confined are rather low, several hundred m2/day, this could
however be expected since only certain parts along a vertical
section of the saturated aquifer are in fact water conducting.

It is worth mentioning that in tests from sites N4 and N12 after
a long enough period of time, a near steady state has been
reached which can as well indicate characteristic semi-confined
conditions of a leaky aquifer. Knowing the local geologic
set-up, it is very difficult to assume vertical leakage at these
sites and one is inclined to explain Ehe observed phenomena as

due to transition of the aquifer into ‘the phreatic type within a

comparatively short distance from the pumping site.

The transmissivities observed at sites N6 and N32 are definitely
much higher as ‘can be seen in Table 5.5. An exception is
noticed in the «case of N32 “whete the apparently low

transmissivity may be linked with partial penetration of this

borehole into the aquifer.

The storage coefficient wvaries considerably, at the more

confined sites it is of the order of 10-3 _ 10‘4 while when

the aquifer becomes phreatic it is of the order of 1072,




a

5.9

71

Measurements obtained from boreholes at the same site could not
be combined for interpretation purposes, and results from each
boreshole had to be dealt with separately. This variation

observed at each site also points to the anisotropic character

of the investigated aquifer.

The main problem encountered with the performance of the present
set of pumping tests was a technical ome i.e the discharge at
the pumping boreholes was too small and insuffieient to cause
big enough drawdowns. This is the reason that no results are
available from site N21. Another example: At borehole 6B,
while developing, air 1ifr pumping at a rate -of ‘193 m3/h
affected the water table in 2 nearby observation hole by only

26 cm.

At a number of sites step drawdown pumping tests have also been

- done and it appears from a few tests that borehole construction

is unsatisfactory, a subject which will He discussed elsewhere.

t
i

{ =

Conclusions

The Zuurbekom Compartment displays a rather intricate set-up due
to the internal subdivision into smaller units on the 6;e hand,
and the percolation of recharge waEeTTEhrough the river bed on
the other. This is further complicated by human activ;ties such

3

as pumpage and contamination.




T2

It appears from this study that a serious management problem is
to be dealt with. The present groundwater abstraction exceeds
the estimates .of natural replenishment. The Rand Water Board is
. 6 3 . 3
pumping 10,5 x i0 m per annum while Cooke Section of
Randfontein Estates G.M. is pumping an additional annual amount

of 7,6 x 106m3, hence a total of around 18 x 106m3/year.

The interference with natural conditions however enables an
in-depth study and the utilisation of contamination processes
for hydrologic assessments. The amount of mnatural recharge

found is 10,7 x 106m3/year.

A wide range of variations in transmissivity has been observed
which points to the heterogenic and anisotropic character of the
studied aquifer. ©Low lateral transmissivity could also account
for the unique discharge mechanism of the aquifer as observed in
the study of springs (Part 10). As will be described later, the

'

annual discharge in cases of exceptionally high rainfall seasons

!
i

from a closed system of the aquifer és monitored -at a spring,
consists of only a part of the annual replenishment, the balance
affects the annual discharge for several Years after the intake.

Storativity coefficients obtained from the pumping -té;ts also
show a wide range, even of the order "of magnitude, reflecting
local conditions. %turativity coefficient of 3% arrived at
through the Echemical mass balance is somewhat less reliable
because of the many assumptions which had to be made, yet the
areal sector where this balance was made is highly developed due

to the natural groundwater flow regime, and is therefore most

probably highly porous.




va

3

As for prospection methods it has been proved that residual
gravity could indicate favourable drilling sites in the sense of
striking gfouudwater below the regional water level, but falls
short of predicting successful production boreholes. The
electrical resistivity method compared with the drilling results
reveals a fairly accurate prediction as far as the weathered
zone is concerned, but it is not applicable in discriminating
between .a fissured, jointed zonme on top of the solid dolomite
and the dense rock below. This =zone often contributes
considerably to the intake and forms an integral part of the

aquifer.

A monitoring system has been established which enables a
long-term study of Zuurbekom Compartment as a geohydrologic
model. When more data is available, results concerning aquifer
constants may be revised and refined and natural recharge rates
calculated by means of volumetric book-keeping methods.
;

The application of the suggested mass balance model requires
continuous and simultaneous data regarding C(t) and CI- It is
hoped that additional boreholes near the Klip River bed could

supply the necessary data despite the heterogenic properties of

the aquifer. The boundaries of the area involved in the storage
balance should also be more accurately outlined. This too may

be achieved by drilling more boreholes.
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INVESTIGATION OF GEMSBOKFONTEIN COMPARTMENT T s
General sétting

The main dolomite OUtCcrops cover an area of 84 kmz. Farther
south some additional 16 km2 of dolomite inliers occur as
faulted outcrops surrounded by relatively impervious Pretoria
Group beds. At least part of these inliers are
geohydrologically connected with the main aquifer body. The
total surface area of Proven aquifer is 9Q kmz. The
compartment 1is delineated by rather impermeable bqundgry dykes
(Folder 6.1). To the south confining strata of Pretoria Group
overlie the dolomite. The aquifer rests on a highly irregular
upper surface of the dolomite bedrock. Relics of Ecca
sediments, in depressions, escaped later erosion and occur as
detached remnant outliers. All rock formations are concealed
under soil cover of varying thickness.

Ground surface slopes gently ﬁgrthWestwards, to the
Wonderfontein River and northeasteriy to the Klip River,
separated by a surface water divide. The Wonderfontein River
runs through the northern corner of the compartment. Donaldson
Dam, on the samé_river, is located on both sides ;f-Lhe dyke

boundary. In the southern part ©of “the compartment, Western

Areas and Elsburg Gold Mines have areas under lease.
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Before large scale artificial groundwater abstraction commenced,
4 water table contour map, derived from a few measuring points,
showed a log gradient towards Gemsbokfontein Eye (Folder 6.1).
The annual Jischarge at the Eye wused to be 3 x 106m3. This
figure is however based on rather limited records. The Eye
dried up in 1972 due to the lowering of the groundwater level.
In mid-1975 it started flowing again. Groundwater conditions in
the compartment have changed significantly during the last eight
years or so, due Imainly to intensive mining activity there.
Geohydrological observations have been made over the last years
but no evaluations have been undertaken. Priority was given to

engineering geology, i.e, problems related to sinkhole formation

and land subsidence.
Previous work

Geohydrological aspects of the combined Gemsbokfontein and
Zuurbekom Compartments were described’ by Enslin and Kriel
(1959). a figure of 7,9% of the aveiage annual rainfall was
found to percolare into the undergroun& water. This assessment
was derived from a water balance based on gauged and estimated

surface water flows, compared with discharges at the eyes and

pumped amounts of Zuurbekom Pumping Station.

~ 3 .




6.3

76

Recent geohydrologic conditions = 5 s

Up to 1966 - groundwater abstraction by the mines was around
40 x 1031113 per month and increased to 200 x 103m3 at the
end of 1968. During 1969-1970 the pumped amounts - fluctuated
between 200 and 380 x 103m3/month. At the beginning of 1971
the amount increased drastically as a result of an inflow to
Western Areas underground mine works, as can be seen in Fig.
6.1. Within a period of 26 months, 1/1971 to 2/1973, an
accumulated amount of 24,320 x 106m3, was pumped from the
compartment, and a negative balance developed. The Eesults of
this deficiency were two-fold: A considerable lowering of the
water table over the whole compartment, in some places by up to

/7 m (Figs. 6.2 - 6.26) and the development of sinkholes and

subsidences in areas which pPreviously had a shallow water table.

The danger of collapse of the highway and railway line from
Johannesburg to Potchefstroom, crossiﬂg the compartment. called
for urgent measures. The policy adop&ed was to recirculate the
pumped water back into the aquifer through recharging

boreholes. At first water was also pumped from Venterspost

Compartment and from Donaldson Dam to Gemsbokfontein

Compartment, to overcome the deficit. The. =urroundings of the
Eye were used as spreading grounds ‘for artificial recharge.
Later, recirculation coupled with natural recharge succeeded in

raising the water table to "normal” levels.
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Simultaneously, a detailed Eravity survey was undertaken hv the
Geological Survey to delineate "weak" zones where subsidence
might be éxpected. In the course of that survey, 76 boreholes
were drilled in order to verify geophysical interpretations. 1In
some of these boreholas casings were inserted so as to be used
for water 1level observations (Folder 6.1). In & few of the
observation boreholes, automatic recorders were installed. 30

Observation boreholes were operating in 1977.

No complete groundwater level records are available far the
period preceding the overpumpage. The fluctuations expected in
water tahle elevation over a period of many years, under normal
natural conditions, do not exceed 2 matres, as may be observed
in Figs. 6.25 and 6.24. More data are available concerning the
behaviour of water levels in boreholes after the dewatering
episode commenced, as shown in hydrographs (Figs. 6.2 - 6.26).
A study of these hydrographs in comparison with the rainy

+

seasons of 1974/75 and 1975/76 often reveals a rapid response of

{
the groundwater level to precipitation.

The water 1level contour map for November 1975 (Fig. 6.27)

represents the groundwater pattern which has prevailed since

remedial measures, such as recirculation, were applied. The map
is based on a rather limited number of observation points.
Boreholes MD34 and WP7 were not considered in the construction
of Fig. 6.27. |Water levels observed in these boreholes wer;

higher than the levels expected if only the regional aquifer was
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bpenetrated, and could possibly represent a mixture-of water from
two aquifers. Borehole MD34 is however open to the regional
aquifer aS'shQWn by the fact that between 3/1973 and 12/1974 an
ad jacent SinLhole had been recharged by an  amount of

6 3
9,5 x10m, and the water levels im  MD34 responded

respectively, (Fig. 6.23).

It can be noticed in Fig. 6.27 that all through this period of
restoration of hydrological conditions, distinct "highs" may be
traced, one in the Vicinity of Donaldson Dam, in the
northwestern corner of the Compartment, and the other in the
centre of the investigation unit. The central groun&wagér mound
suggests the presence of a groundwater divide. Part of the
underground flow drains accordingly eastwards. This
interpretation is also backed by a possible extension of a dyke
boundary, detected at Cooke Section Mine in Zuurbekom
Compartment (Folder 6.1, Figs. 6.27 and 6.31){ A comparison of
hydrographs from boreholes on the eastern flank of this divide
(Figs. 6.17, 6.21 and 6.20) with thoée on the western flank
during 1977-1978 reveals a distinctly'different behaviour. It
is thus concluded that this compartment is subdivided iato tﬁo
Separate geohydrologic units, the western part extending over a

surface area of 64‘km2 and the eatern over 26 kmz.

~ 7 "'1.

Intricate gechydrologic conditions prevail in the northwestern
corner of the compartment: Some groundwater flow, from
Zuurbekom, sector A, towards Venterspost Compartment, has

previously been mentioned. This was based on a groundwater
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contour map Fig. 5.5. It is not clear whether some part of this
water also reaches Gemsbokfontein Compartment. From
geohydrologic - assessments in Venterspost Compartment, Section
/.4, it seems that the bulk of the overflow from Zuurbekom is

taken into Venterspost Compartment.

Percolation of water stored at Donaldson Dam must be considered
too, as confirmed by the chemical abalysis of a nearby borehole

(G1130), and discussed later in Section 6.4.

Some small amount of groundwater could enter into Gemshekfontein

from Zuurbekom sector B, but this has not been positively proved.

The existence in places of Karoo sediments (Ecca shales), which
are quite impermeable, will most probably affect the
replenishment and circulation of groundwater. Fig. 6.28
provided base Karoo elevation a.m.s.l., and its thickness ag
penetrated in each borehole. An isgpach map could net be
!
attempted due to an inadequate number and unsatisfactory
distribution of boreholes. Superimposing a groundwater contour
map on Fig. 6.28 displays that the aquifer is phreatic, becoming
confined in some parts. The presence of Ecea shales oqutliers
generally does not practically restrict groundwater movement due

to the extension of the aquifer below these shales. The aquifer

may however, be of limited thickness below the shales.
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S0

Water quality I e e

(a) Boreholes, (b). Water artificially recharged by Western
areas @G.M. through hateholes (recirculated water), (c) Water
taken frop Donaldson Dam Sampled at Station C2M24, (d) Water
samples taken at Station C2ZM25, which Include 3 combination of
overflow run-off from Donaldson Dam angd discharge from

Gemsbokfontein Eye.

western sub“compartment.

As stated before in Section 3.6, the sulphate jon Concentration
may quantitatively indicate the amount of contaminatiop
Prevailing in the aquifer. Thig approaéh is based on the fact
that mine effluents rich 1ip sulphates constitutes the major.

contaminant. gp the other hang groundwaters jip the investigated

surface at the mine ig artificially Techarged. The recharged
quantitieg involved are between 1,2 ang 9 X 106m3 per
month. Obviously in the long Tun, a serious contamination

hazard can pe eXpected.
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Groundwater contamination may be detected in- a - sanple from
borehole CP16(4) and to a minor extent in borehole RW461(5).

The composit;on of Donaldson Dam water is demonstrated by
samples 17-20 (Table 6.1). As mentioned before, it represents a
mixture of mine effluents, reclaimed sewage water and catchment
surface run-off. Some parts of the stored water constantly
percolates into the subsurface. This assumption is backed by
the compoéition of groundwater encountered at borehole G1130,
samples 6 and 7.

The quantities of water gauged at Station C2M25 ;;e since
12/1976 in excess of -the overflow from Donaldson Dam, as gauged
at Station C2M24. This indicates some discharge through the
eye. It is assumed that groundwater discharged at the eye
consists practically all of groundwater from Zuurbekom (sector
A) together with some infiltrated dam water which re-appears at

'

the eye outlet.

A series of samples from No. 1' well, 1located in the
sub-compartment west of Gemsbokfontein (Folder 6.1) show a
rather high sulphate concentration (Table 6.1, samples 12-16).
Recalling that all water running west .of S:atioé EZMZS is
intercepted and ecarried in pipes; nit is concluded that the
salinity observed at No. 1 well demonstrates groundwater inflow
from Gemsbokfontein into Venterspost Compartment wvia the
Sub-compartment. The source of about a third of this inflow

consists of percolated dam water.
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Quantitative estimations —t

In order to investigate the response of the aquifer to factors
other than ra;nfall, a monthly water balance is presented in
Figs. 6.29 and 6.30. In this balance, extraction through
pumpage and spring flow are considered negative, while
artificial recharge into the formation as positive. A
horizontal line designates zero change while amounts shown above
or below refer to changes of water volumes into and out - of the
aquifer respectively. Fig. 6.30 differs from 6.29 only in this
respect that in Fig. 6.30 from 6/1976 onwards the negative
amounts include abstraction due to pumping - only, while‘in Fig.

6.29, during the corresponding balance period, outflow at the

eye 1s also inecluded.

Effects of reneved extensive pumpage, which started in 3/1978,
may be traced on the hydrographs as abrupt drops. The result of
the over-pumpage deficit is super-imposed on a slightly
declining trend due to the low rainfall season of 1978/79. Tt

is also remarkable that in 1976, dufing the dry season and

despite a large deficit in the aquifer, water levels continued

to rise. This would suggest that the period of replenishmen;.is
not confined to the rainfall season, but practically extends
beyond it and considerable amounts reich the water table at a
much later stage. The exceptionally wet season of 1975/76

3

reveals this rather prominently.
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Three periods may be distinguished within the studied interval

1971-1979:

(a)

(b)

(c)

1/1971 - 2/1973: . During which abstraction by far exceeded

natural recharge and water levels dropped all over the

compartment.

2/1973 - end of 1976: A combination of natural and
artificial recharge succeeded in restoring hydrologic
conditions in the aquifer. It is assumed that part of the
natural recharge was due to groundwater inflow from
Zuurbekom Compartment. Percolation from Donaldson Dam also
contributed a certain unknown amount of recharge. On the
other hand some groundwater outflow, the quantity of which

is also unknown, drained out to Venterspost Compartment.

The period later than 1976: Successive high rainfall

seasons resulted in increased recparge rates. A rise of
the water table above normal elev;tion is typical. Higher
water levels at Donaldson Dam reservoir have, most probably
affected the percolation rate and more influx of dam water
has reached the aquifer. Groundwater inflow fro? %Purbekom
(sector A) ha; also been very high during this per:iod, part

of the water having been discharged at Gemsbokfontein Eye

(Fig. 6.29).
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By reducing the rate of recirculated water, Western Areas Mine
increased the deficit in the aquifer, (Fig. 6.30), yet no
descending‘t;end is observed in water level hydrographs before
3/1978. Only at this stage has abstraction eventually exceeded
total recharge. Unfortunately, doubtful flow data, supplied for

stations C2M24 and C2M25, do not allow a Proper quantitative

study of this period.
Rate of natural recharge

From a few water level hydrographs of boreholes (Figs. 6.8, 6.25
and 6.24) where continuous records are availablé iz may be
observed that the period 30.4.72 to 30.4.76 includes a cycle of
dewatering followed by a period of remedial recharge. Water
levels at the beginning and at the end of this period are at the
same elevation. This period was selected for water balance
calculations, from which an estimate of the rate of natural
recharge could be made. The quantities'involved in this balance

are as follows: {

Discharge from the aquifer in

106m3

Recharge into the aquifer in

106m3

Pumpage by Western

Areas G.M. 91,494 377
Pumpage by Elsburg G.M. 4,027_000
ﬁischarge from Eye area 0,373 245

TOTAL . 95,894 622

Recharging boreholes 56,848 227
Recharge through sink=

hoies 9,566 017
Recharge through Eye area 7,310 682

TOTAL 73,724 926




F)
95,894 622 - 73,724 926 = 22,169 696 x 10 m3 = The deficit
fully accounted for by natural recharge. The estimated monthly
natural rechérge is therefore:
i 22,169 696 x 106m3 48 = 0,461 869 x 106m3

6 3 6 3

and the annual recharge, 0,460 x 10w x12 = 5,5 % 10 o .

The average annual

rainfall during the same period was

0,675 mm. The intake area is 64 kmz. Annual natural recharge

expressed as percentage of rainfall is thus

5.5 % 0% % 100 5,5 x 100 )
62" &3,2 - L8
0,675 m x 64 x 10°m 2
Storage coefficient

Another balance period,

30.6.74 - 30.6.76, was selected to find

the coefficient of storage:

[}

Discharge from the aquifer in Recharge in#o the aquifer in
106m3 106m3
Western Areas G.M. 50,333 871 Recharging boreholes 43,687 045

Elsburg G.M.

3,353 000 Recharging through sink=

6 3

_ holes _ B,118 TH

Discharge from the Eye Recharge through Eye area 2,360 665
area 0,373 245

*TOTAL 54,060 116 TOTAL 46,766 487

The estimated natural recharge during the balance period is

6 3

0,462 x 10 m™ x 24 months = 11,083 000 x 10 m™ .
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The amount of total recharpe is thus:

6

46,776 487 + 11,088 000 = 57,854 487 x 10°m>.

The balance: 57,854 487 - 54 060 116 = + 3,794 371 x 106m3.

A

The positive balance during this period, with surplus water
introduced into the aquifer manifested itself by the rise of
water levels. The difference in water levels observed in some
40 boreholes, between the beginning_of the period and its end,
were plotted in Fig. 6.31. Isopach contours were drawn. The
total increase of aquifer volume during the balance period was
computed by planimetering the various segments, west of the

groundwater divide boundary (Fig. 6.31). The resulting volume
6 3

is 168,4 x 10 m™ . The =storage coefficient may thus be
derived:
3,8 x 10%° x 100 .
— = 2,26%

168,4 x 10 m

Discussion

The results obtained should be regarded in the lignt of several
factors which could introduce some inaccuracies: The dolomite

area as a whole was treated as phreatic although in cases

lateral transition to semi-confined and confined conditions may
be expected. The unsatisfactory distribution and limited number
of groundwater observation points do not enable a cowplete

understanding of the investigated unit.

RS ¥ e
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The major problem of  uncertainty lies in the area of
Gemsbokfontein Eye. In this area groundwater from Zuurbekom and
from Donaldgon;Dam overflow into Venterspost Compartment (in the
form of groundwater . and surface water). Some of the
replenishment of groundwater in Gemshokfontein Compartment comes
from this source too. It is however possible that this system,
to the north and around the eye, is mainly feeding Venterspost
Compar tment. If this be the case, then water recharged or
discharged at the eye, may have very little bearing on the
balance of Gemsbokfontein Compartment. It may thus be
speculated that artificially recharged water at the eye point
during period (b), between 2/1973 and 18976, could have affected

Venterspost rather than Gemsbokfontein Compartment.

By neglecting the discharge and recharge around the eye system,
in the above water balances, one would get somewhat different
results. In the first balance aimed at the estimation of
natural recharge, the defieit will' become 29,48 x 106m3
which divided by 48 months y&elds an amount of

0,614 x 106m3/m0nth as natural recharge. This recharge

includes a constant groundwater contribution from the eye

system. The annual natural recharge will increase accordingly
63 6 3 o
te 0,614 x 10w x 12=7,4 x 10 m. Expressed as
6_3
7,4 x 107m” x 0
percentage of the total rainfall volume —— L r¥310 =17,8%.
168 x 10°m

By similarly disregarding the quantities around the eye in the

second balance, for the period 30.6.1974 - 20.6.1976, the
! 6

accretion 1is 5,45 x 10 m3 and the storage coefficient may

<

therefore become:
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6 3 ~
5,45 x 10 m = 3,27
168 x 10™m

Conclusions

It 1is obvious as a result of the current study that
Gemsbokfontein Compartment presents a much more complicated

geohydrologic set—up than previously envisaged.

The boundary dykes initially assumed to be impervious, allow at
certain parts an inflow from Zuurbekom Compartment and an

outflow into Venterspost Compartment.

Surface water stored at Donaldson Dam plays an important role in

groundwater replenishment both qualitatively and quantitatively.

The recharge of Gemsbokfontein Compartment consists of a complex
combination of natural replenishment from rainfall plus inflow

I/
from the eye system area. The general rise of water levels

during the period (¢) on the one hand and heavy abstraction on

the other, would induce a steeper gradient towards the mine, and

hence increase the recharge.
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INVESTIGATION OF VENTERSPOST COMPARTMENT
Introduction -

Venterspost Compartment extends over an area of 54 km (Folder
7.1 and Fig. 7.1). Semi-vertical impermeable dykes to the east
and to the west constitute hydrologic bhoundaries. To the north
the Malmani Subgroup overlies rocks of the Witwatersrand Super
Group and to the south the dolomite dips below the Pretoria

Group.

The Vonderfontein River runs from east to west of the
compartment -im 1its central section (Fig. 7.1). Sinkholes,
depressions and ground movements abound in this part of the
compartment, as has been shown by a detailed investigation
conducted by Venterspost Mine (Fig. 7.2).

Before man's interference through minigg and pumpage the depth
to water level in this central part u;ed to be rather shallow.
Natural discharge of groundwater from this compartment emanated
through an eye, situated on the western boundary dvke, with an
aversge annual discharge of 7,6 x 106m3, (Enslin _ang_ Kriel,
1967). This eye ceased flowing in 1947 as a result of pumpage.

The average annual rainfall for the period 1965 - present is

690 mm.
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Extensive gold mining is practised in the area by Venterspost,
Libanon, and Kloof Mines. This activity necessitates pumpage of
water from .unQerground. The water pumped out by the mines
originates from the upper weathered-rock-dolomite aquifer and
reaches the wunderground workings through conduits such as
faults, fractures, brecciated =zones etec. Annual pumpage is

listed in Table 7.1 and monthly figures appear in Fig. 7.4.
Previous work

Enslin and Kriel (1959) calculated storativity in this
compar tment by comparing drawdown against pumpage during‘periods
of 100 days, in 1953-1958, when assumingly no recharge took
place. The storativity determined in this way was between 8,757
to 9,06%Z. It was shown later, by the same authors (1967), that
storativity decreases with depth from 9,1% to 1,3% at depths of
6l m to 146 m respectively. Enslin and Kriel determined the
recharge during 1952-1958 from groundwater and surface water
balances. The total annual recharge gnto the compartment was
estimated at 9,5 x 106m3- 0f this t;tal, the recharge from
rainfall only, was 5,6 x 1061:13 per year. The total recharge
expressed as percentage of the average rainfall was 25,3% and

that part out of the total recharge which was due to rainfall

only, amounted to 15%.
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Geohydrology —

Groundwater abstraction from this compartment has been going on
for many yeaf;. Water is brought to surface through the shafts
and is also being pﬁmped from several boreholes. Records of
pumping, monitored by the  mines are awvailable. Some
inconvenience arises from the fact that at Libanon Gold Mine,
part of the pumped water comes from Venterspost Compartment and
part comes from Bank Compartment. Stili another part of the
water is seemingly derived from a small isolated unit. This
division is clearly demonstrated when hydrographs are compared
(Figs. 7.4 and 7.5). Venterspost No. 2 shaft and Libanon No. 1
shaft are in the same aquifer. Harvie-Watt shaft is in Bank
Compartment and reflects the abstraction history at Bank, where
maximum dewatering occurred in 1970. The water table at Libanon
shaft No. 2 is unaffected by either of the dewatering
processes. Quantitative differentiation between water derived
from Venterspost Compartment and water 'from Bank Compartment is

therefore a matter of guessing. /

A continuous drawdown of the water table as a result of pumpage
can be discerned during most of the observation period since the
start of dewatering, Figs. 7.3, 7.4 and 7.5. The wadter table
reached its lowest levels in 1974, some 120 m below the initial
water elevation. It should however be noted that drawdown has
not been uniform all over the compartment. EMaximum. drawdown
occurred in the central part, while water levels remained high

in the marginal areas. A substantial groundwater gradient from
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AT

the flanks to the central part characterises the trough. A
steep rise in water levels, in spite of increased pumpage, 1is
noticed during= 1975-1977. However during 1966/67 which was an

exceptionally high rainfall season, only a small rise was

experienced.

Some fifteen observation boreholes are presently operating in
this compartment. These boreholes were drilled to investigate
sinkholes and land subsidences by the Geological Survey of the
Department of Mines. Unfortunately, observations in the past
were sparse and often irregular and did not cover the entire
compartment. Also, many boreholes are not operating due to

obstructions.

Condensed columnar sections of boreholes are shown in Fig. 7.6.
Four units are distinguished: (a) alluvium, (b) Ececa Group

(sandstone, shale grit ete), (c) Fluvio-glacial clastics and

weathered chert and dolimite, (d) Malmani Subgroup (solid
{

dolomite and chert). Information conqérning rest water levels
clearly indicate the presence of two aquifers, an upper but
relatively shallow aquifer associated with beds of the Ecca
Group or the alluvium, and a deeper regional aquife#_cgpprising
the fluvio-glacial clastic deposits and the weathered chert and

dolomite of Malmani Subgroup. No information is available

concerning the construction of the casings in the boreholes.

Combined water levels representing more than one aquifer mav

also sometimes be expected. Isochronous water levels are shown

= T s e e e £ e A - g
i e T




COLUMNAR SECTIONS OF BOREHOLES IN

VENTERSPOST COMPARTMENT.
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7.4

in Fig. 7.6 as for March 1977 and September 1977. It often
happens, in the deep aquifer that the September water levels are
higher than- tikose of March. This phenomenon provides further
evidence in support of the postulation that there is a delay in
the arrival of recharge water into the Aaquifer. In this
compartment however, it could also point to the partial
replenishment due to wunderground inflow from the eastern

boundary and/or infiltration of run-off from Donaldson Dam.

Evaluation of recharge

In Fig. 7.7 an attempt is made to calculate the total average
natural recharge into this compartment. Annual drawdowns, h,
are plotted against annual abstractions (Hill Method). An

; 6 3

estimated annual amount of 3 x 10°m was added due to
withdrawal by Libanon Gold Mine. Drawdowns were calculated as a
mean between water levels at No. 2 shaft Venterspost and No. 1

t

shaft Libanon (Table 7.1). Data from 1974/75, 1975/76, 1976/77
as well as from 1964/65 were left out; The scattering of the
remaining points enables a line to be drawn which indicate an
average annual recharge of 12,5 x 106m3. It is evident that
during 1974/75, 1975/76 and 1976/77 recharge conditions were
substantially diff;rent. The rtise of water levels was only
partly due to natural groundwater recharge. Surface water flouw
in the section of Wonderfoutein River crossing Venterspost
Compartment consisted of a combination of (1) Overflow from

Donaldson Dam, (2) Discharge from Gemsbokfontein Evye and (3)

flow coming from Middelvleispruit. Overflow from Donaldson Dam
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was = quantitatively dominant in the combined rtun-off. The
increased inflow to Donaldson Dam was derived mainly from mine
2 6 3 ,
effluents upstream (3-5 x 10 m /year) and reclaimed sewvage
6 3 . ;
water (2,5 x 10 m /year). Fig. 5.3 illustrates the changes
in surface flow at Station C2M23 higher upstream which affected
Donaldson Dam. The annual run—off at this station used to be in
6 3 . ;
the range of 4-6 x 10 m™, this amount has doubled since
1975/76.% It dis claimed. that increased percolation of run-off
water into the aquifer affected the rise of. water levels during
1974-1977. Since 1978 all surface water is collected and
diverted from the compartment, hence no percolation- of such

water is possible after 1978.

A similar reasoning applies to data from 1965/66 where natural
recharge was seemingly below average due to extremely low

rainfall, Table 7.2.

t
'

T

* It is most disappointing that records from station C2HM25 are
highly unsatisfactory as this station is situated at the
upstream boundary of the investigated compartment, for which

data is essential to derive quantitative estimates.
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TABLE 7.2: Annual rainfall in mm (1/9 - 31/8) T~ _
Year Randfontein Zuurbekom
475/338 : 475/370 475/528
1964/65 - 511%* 700
1965/66 379 466 353
1966/67 1 063 ' 991 700
1967/68 525 576 627
1968/69 601 640 495
1969/70 697 747 593
1970/71 986 974 761
1971/72 557 735 656
1972/73 951 590 452 )
. 1973/74 512 751 650
1974/75 799 703% 849
1975/76 809 - 756
1976/77 670 766 714
1977778 896 927 931%*
1978/79 480 549 534

*Rainfall record incomplete.

]
{

The figure arrived at for :total recharge namely
1255 = 106m3/year is rather high. Considering an area of
54 km? and a mean 690 mm rainfall, the recharge expressed as
the percentage of total rainfall volume is:

54 x 1061112 x 0,69 m = 37 x 106m3 = Total rainfall volume

6 3
12,5 x 10 m6 ; 100 _ 33, 8%

37 x 10 m

Part of the above recharge is however due to groundwater inflow
through a contributing boundary as will be discussed in the

following chapter.
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Chemistry of water

The composition of Donaldsen Dam water can be seen in

Tables 7.3 and 7.4. This type of water most probably
contributed 1? groundwater recharge prior to 1978, and
simultaneocusly also contaminated the aquifer. It is assumed
that the chemical composition of the groundwater has been
restored to normal during 1978-1980. Water analyses of No. 1
Well, No. 1 Shaft, No. 2 Shaft and No. 4 Well (Table 7.4) reveal
a rather constant concentration in each cése, no dilution with
time process can be traced. It is therefore acceptable to
assume that the system has reached a steady state. The salinity

pattern presently observed could thus reflect, constant

A conditions.

TABLE 7.3: Partial analyses of water from Donaldson Dam in milligrams
per litre

Date pH TDS S0,

22.1.75 8,2 1965 670

18.4.75 7,1 1925 1160 ,

10.7.75 7,0 1960 1250 {

10.9.75 7,4 1975 1160

.8.12.75 7,9 1425 880

24.3.76 542 1530 840

23.7.76 5,5 1970 1000

23.9.76 7,2 _ 2015 1100 il

6-1.77 £52 2070 1150

7-4.77 5,3 : 1930 1200 7

16.8.77 6,2 1850 1100

7.10.77 6,9 ' 2040 1180 . :

8.2.78 4,7 1325 860

b.4.78 8,3 2020 1200

5.10.78 7,0 ; 1885 1100

6.12.78 5,3 1934 1200

1.2.79 6,4 1885 1100

1.5.79 5,8 1855 1000

1.8.79 7,0 1780 850
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The eastern sub-compartment (Folder 7.1 and Fig+ 7.l) serves as
an intermediate underground reservoir which spills into
Ventersposf Compartment, itself being recharged by groundwater
from Gemsbokfontein and Zuurbekom Compartments. Samples from
No. 1 well demonstrate the salinity in this unit. The salinity

is derived from Gemsbokfontein groundwater Compartment.

Groundwater in the dolomite aquifer, under natural conditioms,
contains negligible amounts of sulphate ion. Moreover, aue to
the fact that most waters in the studied area are unsaturated in
respect of sulphate, this ion can be used for quantitative

monitoring of contaminationm.

Tt is thus suggested that groundwater at Venterspost Compartment
consists of mixed water where the two end-members are on the ome
hand water of the type in No. 1 well, and on the other hand rain
recharge water containing no sulphate. The product of mixing is

reflected in water from No. 4, located on the western boundary

'
'

of the compartment. J

The contaminating end-member contributes about 20% of the total
recharge. The average annual amount of recharge derived by the

. = % 63 T I 6 3
Hill method is 12,5 x 10 m , 50 that 2,5x 10 m

constitute the inflow through the eastetrn boundary.
Discussion

Because of heferogenic properties of the studied aquifer, it is

not desirable to use the composition of the contaminating




121

end-member based on one point only. The sulphats concentration
of the inflow groundwater could on the average be less
concentrated than that shown by No. 1 well water, so that the
estimate of 2,5 x 106m3 is more likely a minimum figure fo1

the inflow through the eastern boundary.

If the amount of inflow via the eastern boundary is subtracted
from the total recharge, 12,5-2,5 = 10 x 10bm3, the
in situ recharge is obtained. The in situ recharge expressed as

percentage of the rainfall volume still remains surprisingly

) 10 x 100 .,
high: ——=5— = 27%.

It is suggested that as a result of the dewatering of this
compartment, additional storage was created in the aquifer
underlying the area of the river course. Previously the natural
groundwater level was close to ground surface and prevented
extensive intake due to lack of storage. It is also inferred
that potentially the permeability is rather high-in this central
area due to sinkholes, depressions, eéc. Very similar recharge
conditions prevail in Bank Compartment'(Part 8). The bercentage
of recharge out of the total rainfall in Bank Compartment was
calculated to be 24%. In both cases the high recharge rates are

due to accelerated percolation through the river course under

the new artificial conditions. SR

The expected amount of annual in situ recharge at Venterspost

Compartment, by analogy to Bank Compartment would be

6 3
37 x 10 m x 24 _ 8,9 x 106 3

50 = m~. It appears that in Venterspost

Compartment an additional intake component was active. An extra

contribution to the total annual recharge could come from




infiltrated run—-off, the sources of which were: Gemsbokfontein
Eve and moderate overflow from Donaldson Dam. The order of

magnitude of this component used to be about

1,1 x% 106m3/year.
Conclusions

The total recharge into Venterspost Compartment amounts to
6 3 6 3 . '
12,5 x 10 m /year. 2,5 x 10 m of this amount flows
into the compartment from adjacent compartments via the eastern
boundary. The in situ recharge therefore is
6 3 ; : ; ;
10 x 10 m™ /vear. A considerable part of the in situ
recharge is due to the creation of additional storage as a
result of the artificial process of dewatering. Under the
specific circumstances in Venterspost Compartment, a rather high

rate of recharge has been noticed due to surface water

percolation (up to mid-1977).

'
/
The main source of error in the aforegoing calculations may

arise from the application of the Hill method. Firstly, the
drawdowns and water levels, which appear in Table 7.1 and Fig.

7.7, do not represent proper averages over the compartment.

Secondly, pumpage amounts at Libanon Gold Mine are estimated.

It should also be borne in mind that the recharge figures
obtained refer to "average" rainfall years. It has however been

found that fluctuations in annual rainfall substantially affect

the amount of replenishment, as will be discussed later.
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INVESTIGATION OF BANK COMPARTMENT

Introduction =

The compartment includes some 154 km2 (Folder §.1), and
impermeable boundaries delineate the compartment on all sides.
Syenite dykes striking approximately NNE comprise the eastern
and western boundaries. Relatively impervious rtocks of the
Black Reef Group form a rather irregular boundary to the north.
In the south the dolomite dips below the impervious shales of
Pretoria Group and the aquifer probably extends pnlg a short

distance bevond the line of outcrops.

The Wonderfontein River crosses the compartment in an east-west
direction-. The ground surface slopes gently towards the river

and westwards.

Qutcrops of pre—~ and post-dolomitic Trocks outside the

]
'

{
compartment form a hilly topography in contrast to the even

dolomite terrain.

Qutliers of Karoo beds are commonplace on the dolomite, and may

reach a considerable depth. The area 1is soil covered, the

thickness of the cover wvarying considerahly. The residual

gravity map presented in Folder 8.2 provides a useful means of

indicating the distribution of low gravity rock units below the

regional groundwater level. This includes shaley Ecca beds and

.
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the Pre-Ecca fluvio-glacial aquifer down to the basal karstic
zone. Younger karst and weathered dolomiiic rock, 1if thick

enocugh, manifests itself in the same way (see also Section 5.5).

Geohydrology

Under natural conditions the dolomitic aquifer in the Bank
Compartment was replenished through the percolation of a certain
amount of the summer rainfalls, run-off in the river bed and
overflow from the Venterspost Compartment upstream.

Discharge from the Bank Compartment took place mainly through

the spring and through seepages from the effluent section of the

river bed.

Because of the shallow depth to the water level in the vicinity
of the river, it is assumed that under changing annual rainfall,

alternating effluent and influent conditions must have prevailed.

!
{

Outflow from the spring did not include any surface run-off
because the spring issued about 1 km south of the river course.

Some change..in the natural hydrologic regime occurred when
dewatering commenced in the"iﬁéighbouring Venterspost
Compartment. The outflow from the Venterspost Spring

diminished, and eventually it dried up in 1947.
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A profound change happened towards the end of 1968. Mining by
West-Driefontein Gold Mine was extended to the Bank Compartment
a4Cross the'dy?e separating Bank and Oberholzer Compartments. In
October 1968 inflow of enormous amounts of groundwater
threatened the workings and the miners. The inflow was
eventually overcome and controlled. Details of the three weeks

human and technical efforts were described by Cartwright (1969)

and Cousens and Garrett (1969).

In the wake of the 1968 events, and in order to provide for safe
mining, the Interdepartmental Committee on Dolomite Mine Water

approved the dewatering of the Bank Compartment. Pumpage

figures are given in Tabel 8.1 and 8.2.

Simultaneously a gravity survey was carried out by the
Geological Survey to investigate sinkhole formation and
subsidences anticipated as a consequence of the dewatering. 1In
the course of this survey some 500 boreholes were driiled. Out
of the total number of drilled hoﬁes, 90 were wused for

groundwater observation.

The general geology and the flow of groundwater to the mine
workings is schematically demonstrated in Fig. 8.1. It should
be noted that intercomnected faults and fissures transmit water

from the actual water bearing zone, which is rather limited in
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thickness, down to the mine. The major part of the dolomite,
Ventersdorp volcanics and the Witwatersrand Super Group are
actually impqrmeable. The amount of influx into the mine
depends on the potential difference between say, points P and Q
and on the specific permeability of the conduits (fissures,
faults etc.). Actual flow occurs entirely due to underground
excavations, while faults and joints facilitate to s certain
extent the descending flow. The water table has dropped
considerably since the early seventies and the amount of inflow
has diminished accordingly (Fig. 8.2). . The pumpage 1is however
still in excess of the average natural intake frpmAfainfall.
With the dewatering process going on for nine years it is to be
expected that part of the permeable aquifer has been drained.
The irregular base of the aquifer as seen in Fig. 8.1 enables
groundvater accumulation in the deeper troughs. Most of these
lows are hydrologically interconnected as proved by the response

of water levels to dewatering.

Previous Work

Enslin and Kriel (1959) concluded on the basis of gauged run-off

loss and estimated evapotranspiration over a period of eleven

months, that direct percolation from water channels and the

river does take place in this compartment.
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Schwartz and Midgley (1975) made use of water table observatiocns
taken at 17 boreholes during the groundwater inflow episode of
1968. They applied the Theis non-equilibrium equation, and by
using several assumptions, arrived at a transmissivity constant
of 7 000 mz/day, and a storage coefficient of 1,5%Z. The bulk
of stored groundwater in the Bank Compartment down to a depth of
1 000 m, according to the above authors, was estimated at

3
2 000 x 106m .

The Mechanism of Replenishment

Monthly discharge figures from the spring for the period 1957 to

1969 are available. The annual amounts of discharge observed in
3

this period are in the range of 16-22 x 106m » Table 8.3 and

8.4. Later outflow figures no longer represent the natural

discharge.

A comparison of monthly discharges at the Spring, Fig. 8.3, with
monthly rainfalls, reveals a marked gystematic delay of about
6 months, when peaks are matched. fhe annual spring minima,
generally in February, often appear simultaneously with maximum
rainfall. On the whole the minima are not repeated exactly at
the same month, small variations do occur, but tﬁe —&elay is
nevertheless clear. It should howevéer 'be borne in mind that the
replenishment mechanism in Fhese aquifers involve a two-phase
percolation system. }One is the delayed phase and the other is a
nearly immediate phase (refer also to section 5.5). The delay
is roughly assumed to originate from late arrival of

replenishment water down to the saturated zone. Depth to water

level seems to be the main ecause for the delay. This would
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3
Monthly discharge amounts from Bank Spring in 196m

TABLE 8.3:
Month i L III 1V v VI VII VIII IX X XI XII
Year

1957 1,71
1958 1,70 1,54 1,59 1,90 2,00 1,69 1,84 1,85 1,79 1,87 1,81 1,90
1959 1,87 1,70 1,85 1,80 1,85 1,80 1,86 1,87 1,85 1,85 1,79 1,48
1960 1,96 1,70

1961 1,89 2,00 2,21 1,96 1,91 1,79 1,88
1962 1,93 1,75 1,81 1,39 1,12 1,83 1,90 1,87 1,73 1,79 1,76 1,82
1963 1,75 1,55 1,79 1,83 1,90 1,91 1,96 1,92 1,92 1,96 1,87 1,83
1964 1,72 1,54 1,81 1,74 1,77 1,70 1,77 1,77 1,74 1,79 1,67 1,42
1965 1,12 1,45 1,55 1,53 1,51 1,52 1,56 1,52 1,49 1,49 1,42 1,46
1966 1,47 1,31 0,97 1,36 1,38 1,36 1,43 1,55 1,47 1,42 1,19 1,19
1967 0,97 1,06 1,37 1,49 1,55 1,48 1,47 1,44 1,41 1,42 1,38 1,42
1968 1,31 1,15 1,19 1,15 1,18 1,14 1,16

TABLE 8.4: Annual discharge amounts from Bank spring

Year Discharge Q )

(1/10-30/9) in 10%3 ,

1958/59 22,03

1961 /62 16,86

1962/63 21,90

1963/64 21,22

1964/65 18,13 - -

1965/66 16,67 s 5

1966/67 16,04
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imply that the delay time varies from place to -place._ The
relative significance of the two phases in each particular
hydrographAdepends on the physical conditions in the vicinity of
the borehole. Most of the boreholes, shown in Fig. 8.4 are
located near the river course, a fact which may have a bearing
on the recharge. In other words, immediate recharge (shallow
water levels) is dominant in these cases as compared say, to

conditions in Steenkoppie Compartment, where most of the

replenishment is due to delayed recharge.

The behaviour of water levels in a number of boreholes in Bank
Compartment, during the pumpage of the reservoir, is shown in

Figures 8.5-8.22.

In the course of the severe pumpage most- of the boreholes
gradually dried up. Several reasons account for the abandonment
of observation:
;
(a) Shallow boreholes where the .depth of penetration was too
small became dry with the drop of the regional water table

(saturated aquifer still existing beneath).

(b) Boreholes which locally penetrated solicd. dolomite, at
rather high elevations, dried‘hb;'though other boreholes in
the name area which encountered pervious material at a

greater depth, remained in operation.

(c) In many éases gauging stopped due to the blocking of

boreholes which is expected where no pumpage is practiced.
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Hydrographs of boreholes prior to de-watering,
BANK COMPARTMENT.
1956 | 1960 | 1861 , 1962 , 1963 , 1964 | 1965 , 1955 , 1967 , 1968
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Table 8.5 includes relevant information of- all available
observarion holes such as period of observation, nature of the

aquifer, elevation and depth.

The drastic drawdown which developed with the large scale

Pumpage can be observed in Fig. 8.8: 8.%; .8.10; . 8.13; 8.15;

- 8.16; 8.20; 8s2ls 8422. 1In some of 'the boreholes seasonal

recharge is discernable, superimposed on the otherwise Steeply
declining water level, Figs. 8.14 and 8.22.

The north-eastern sector of the compartment has beeﬁ:affected,
rather late (1872, Figs. B.17 and B8.18. The water level tends
to rise in this part in 1975/76 only due to a temporary decrease
in the rate of eéxtraction, combined with a good rainfall
season. This area constitutes for 'a]1 Practical purposes an
integral part of the Bank Compartment.,

The Hill method, an empirical approach:for the rough estimation
{
of safe yield in a basin where overpumpage has been practiced
and the corresponding drawdowns monitored over ga ldng enough
period, has been applied. 1Inp Fig. 8.23, annual drawdowns in
borehole G783 were Plotted against pumpage, and a line fitted to
cut the zero drawd;wn. The safe yield which in this case'equals
natural recharge, was found ~ ' tb6°  pe 23 x 106m3/year.
Fig. 8.24 includes three boreholes where the same method has
been applied. In two of the bo;éholes, G635 and G511, the
drawdown corresponding to 1970/71 was apparently anomalous and

had to be eliminated. The recharge figures obtained were 23 and

25 x 106m3/year respectively. In the case of borehole G986
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TABLE 8.5: Observation boreholes in the Bank Compartment (all fisures
in metres)
Borehole Collar Bepth Aquifer® Karoo*= Period of observation®#

number elevation

- a.m.s.1.
G455 1591,92 213,4 P - 7/1969-9/1970
MWl 1576,86 - - 1/1969-4/1970
G456 1582,16 213,4 P - 8/1969-11/1970
G457 1564,79 213,46 P - 4/1970-5/1970
MW2 1559,56 - - - 5/1969-3/1970
UDs 1645,07 = - - 5/1969-6/1971
E2E = - - - 1/1969
E24 1571,07 - - - 1/1969-6/1971
G402 1557,79 129,5 ¢ 50 5/1969-3/1970
* o B2G 1557, 4 — - - 6/1969-2/1970
G438 1555,26 79,3 P = 4/1969-7/1970
uD8 1626,63 - - = 1/1969-3/1971
E2J = - - - 1/1969
G439 1566,67 86,9 P 41 6/1969-8/1969
E2H 1564 ,82 = - - 12/1968-11/1970
G449 1556,13 213,4 ¢ 90 6/1969-10/1970
G363 1540,99 169,2 P 47 , 1/1969-11/1976
403 1523,63 157,9 P ~ ' 3/1969-1/1971
G421 1521,69 91,4 P - " 3/1969-1/1470
G564 1516,94 29,6 P = 6/1970-2/1972
G501 1516,33 103,6 P = 4/1970-1/1971
G409 1514,72 48,8 P . 4/1969-3/1970
G405 1510, 66 50,3 P - 3/1969-4/1971
W41 1510, 36 - - ~ 10/1957-3/1966
G470 1519,39 56,4 P » 9/1969-Present
up7 1605,17 ~ ~ - 5/1969-7/1970
EIM 1585, 90 ~ - 3 5/1969-5/1970
G441 1581, 56 91,4 P 26 4/1969-11/196S
G445 1568,14 59,4 P -
W60 1522,03 - - - 10/1957~1/1970
G446 1522,18 146,3 p = 6/1969-1/1971
G454 1520,06 32 P . 4/1969-9/1969

G414 1516,87 121,9 P = 6/1969-10/197¢
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Borehole Collar Depth Aquifer® Karoop#= Period of observations#s
number elevation )
a.m-s.1. )
G334 1517,02 120,4 P = 1/1972~Present
G487 1524,25 141,7 P - 3/1970-10/1973
G534 1537,67 91,4 P - 1/1971-8/1971
17606 1535,21 - ~ - 4/1969-4/1973
W601 1557, 44 ~ - - 4/1969-12/1970
W602 1566,45 - - - 4/1969-4/1975
w598 1570,91 - - - 4/1969-1/1972
W6 00 1562,33 - - - 4/1969~Present
E1D 1634,64 - - - 1/1969-3/1969 _
G750 1572,11 = Perched 23 11/70-Present
G610 1572,11 - P 15 8/70~9/1974
G452 1562,96 - c 75 11/69-4/1970
E1Q 1541,52 - - - 12/1968-2/1971
G416 1532,73 213,4 - 6/1969-9/1970
G407 1525,38 79,3 P - 1/1969-9/1969
G411 1524,39 158,5 P - 4/1969-1/1971
W62 1525,3 9/1957-2/1970
G431 1524, %7 79,3 P - '4/1969-8/1970
G797 1522,15 195,1 P - 9/1971-6/1974
G408/2  1521,36 50,3 P 4 3/1969-2/1970
G408/1  1520,92 56,4 P 12 1/1969-5/1970
G504 1525,19 61 P - 10/1969-6/1970
G676 1523,34 48,8 p - 7/1970-2/1972
G660 1524,25 45,7 P - 6/1970-11/71_ _
G415 1514,07 208,9 ¢ 9 6/1969-9/1970
ELN 1597,84 1/1969-10/1971
G590 1573,63 153,9 ¢ 50 11/1970-12/1971
W102 1546,43 10/1957-1/1963
" G486 1541, 46 140,2 ¢ 2/1970-8/1970
W97 1522,35 11/1957-4/1962
W98 1539,38 1/1958-9/1969
G413 1520,68 96 P . 6/1969-11/1970
G591 1573,63 146,3 ¢ 58 8/1970-10/1974
EM13 1553,38 ~ - - 1/1971~4/1972
W106 1550,4 - - - 10/1957-9/1969




Borehole Collar Depth
number elevation N
a.m.s.]. )
W131/1  1547,38 -
W108 1550,61 -
.. W100 1545,9] -
_ G506 1534 ,62 88,4
' G507 1537,06 82,3
G563 1525,17 61
G571 1533,70 70,1
MW3 1586, 44 -
M4 1567,72 -
G592 1572,11 121,9
G451 1566,62 213, 4
! wEM12 1559,51 -

" G488 154285 83,8
G508 1539,19 50,3
G579 1536,75 74,7
W339 1549,80 -
W525 1531,01 -
G632 1561,74 100,6
W534 =
W510 1551,95 -
G674 1541,63 32

- W337 1602,73 -
W595 1643, 26 -

MG 1556,26 -
G510 1552 42,7
W610 1539,19 -
G635 1527,30 77,7
W45 1563,12 -
G436 1566,64 ° 89,9
W75 1553, 49 -
G432 1552,25 90,5
G511 1547,11 501
V125 1540, 54 -
W124 1542,01 -
W129 1535,91 -

e
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Aquiferw

]

- - B - T

Karoo#*

49
88

1/1971-9/197;
'3/1969-9/1970

Period of observationps##

3/1969-1/197¢0
4/1969-8/1970
10/1957~1/1962
11/1969-4/1972
5/1970-4/1972
5/1970-3/1972
1/1971-3/1972
6/1969-4/1972
6/1969-4/1972
11/1970-Present
11/1969~Present
6/1970-7/1971
5/1970-5/1971
5/1970~Present
6/1970-2/1972
11/1968-10/1970
1/1971~12/1971
}1/1970—11/1976

8/1970*11/1976
1/1957-12/197¢
3/1969-10/1971
8/1969-4/1972
5/1970-~2/1972
6/1970-1/1971
10/1970—Present
6/1957-11/1960
4/1969-8/1972
11/1957-10/1970
3/1969-4/197¢
5/1970-Present
10/1957-5/1972
3/196%-10/1971
1/1958—11/1976

—_—
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Borehole Collar Depth Aquifer* Karoo#*s Period of observatiop#*#
number elevationA -

a.m.s.1.
Wl22  1540,34 - . = 10/1957-3/1966
W123 1539,86 = - C 10/1957-7/1967
G523 1531,66 160,9 P - 4/1970-10/1974
W571 1610,01 = - = 3/1969-Present
Gl160 1617,31 33,5 P - 4/1973-Present
W333 1623,62 - = = 3/1969-7/1971
G987 = 167,6 P = 6/1972-11/1973
MW5 1599,85 ~ - = 9/1§69—6/1971
G761 1610,01 128 P 30 3/1971-Present -
W46 1571,30 - - = 3/1969-8/1970
MW7 1565,70 - = = 9/1969-12/1971
W509 1558,92 = - = 3/1969-10/1970
W73 1556,12 = = - 11/1957-5/1958
G512 1550,12 64 P = 11/1969-10/1972
W70 1549,91 - - &= 11/1957-10/1965
Wll4 1543,29 = - - 3/1969-9/1970
W420 1544,07 - o - 7/1970-1/1971
W115 1543,52 = = = 3/1969-9/1971
w118 1543,33 = - - 10/1957-6/1968
G762 1611,82 128 = 47 3/1871-5/1974
G986 1573,68 135,6 P(?7) 56 4/1972-Present
G783 L5700 13 183,8 P = 6/1971-7/1976
G582 1553,82 3333 € 27 6/1970-7/1972
G513 1555,65 140,2 P =~ 6/1970-2/1972 —
G542 1544,53 93 C 24 4/1970-8/1976
G605 1544,70 64 P - 6/1970-9/1971
G604 154452 39,6 P = 6/1970-3/1972
W425 1538,47 - = - 3/196%-3/1572
G535 1543,60 35,1 p = 4/1970-5/1974
Wll2 1542,88 - 2 - 5/1960-9/1968
W11l 1542 36 = = - 3/1969-10/1971
Gl134 1534,70 41,5 P - 4/1973-Present
G1200 1535,05 59,4 p = 9/1973-2/1976
G1198 1536 = - - 7/1973-Present
Gl135 1541,09 37,2 p - 4/1973-12/1975
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Borehole Collar Depth Aquifer* Karoo*# Period of observation*#*
number elevation
a.m.s.1.
W428 1549,03 - = - 3/1969-1/1972
G1293 1559,97 57,9 P - 3/1974-6/1976
G522 1563,54 - - = 3/1969-1/1975
Gl294 1562,35 39,6 P 8 3/1874-2/1976
G1152 1566,64 50,3 P e 4/1973~Present
G4?6 1570,14 91,4 p - 4/1970-Present
G1218 1578,14 45,7 P - 8/1973-Present
W331 1574,59 - - = 10/1958-9/1968
Gl159 159401 36,6 P — 4/1973-Present -
MW8 1583,08 = ~ = 10/1969-10/1971
G796 1573,03 - o = 6/1971-Present
| G042 1569,28 79,3 P 11 7/1972-Present
G514 1559,92 71,6 P - 6/1970~Present
W110 1546,41 - - = 10/1957-12/1973
G1153 1537,80 38,1 p - 4/1973-Present
G1292 1548,91 42,7 P - 3/1974-Present
G1185 1562,8 76,2 P = 7/1973-6/1976
W567 1591,84 - - - 3/1969-Present
G516 1565,09 = P 10 7/1976-7/197¢
G524 1544,98 161,5 P = 4/1970-Present
G1341 1552,32 128 P - 12/1974-Present
G1184 1551,65 539 - - 6/1973~Present
G98 1567,93 = - = 11/1965-3/1975
Gl221 1577,25 - T —~ 9/1973-Present —
Gl219 1587,53 48,8 P - 8/1973
Bl 1585,21 = - = 6/1965

* The type of the aquifer before dewatering

P = Phreatic;

*% Penetrated thickness of Karoco Beds

**#% The period

include

C = Confined

frequencies in measurements

intervals

of

records and

different




the drawdown for. 1975/76 did not fall in line with- the test of

the data and was left out. Here the recharge was
3 -

22 x 106m /year. An  acceptable average amount of natural

recharge is therefore 23 x 106m3/year.

The average annual rainfall for the period 1971/72-1974/75
(4 years), based on five gauging stations in the studied area,
amounts to 636 mm, Table 10.2. The annual natural recharge
expressed as percentage of thé rainfall may thus be calculated

as the following:

23 x 106m3 % 100 =23 x 100

6

5 = 23,5%
154 x 10 m~ x 0,636 m 97,9

The somewhat high figures for the average natural recharge
arrived at in Figs. 8.23 and 8.24 as compared to spring
discharge records can be explained if conditions in the aquifer
are examined: During the said perio@ 1969-1976, and due to
dewatering, a considerable part Pf the aquifer volume
practically became empty. The creation of excess storage in the
central sector of the compartment, along the river and in the
area where natural discharge previously took place, is of
special importanqg. In this area before dewatering groundwater
level used te be.very shallow and any intake would spill over to

the Oberholzer Compartment. Under the mew artificial conditions

an increase in the rate of recharge could be expected. Similar

results were obtained in Venterspost Compartment, where very

much the same conditions prevail.




8.5

4

As stated before the Hill method is only applicable where mean
;nnual recharge is the case. Regional rainfall data, based on
five gauging %tations, confirms beyond doubt that 1970/71 and
1975/76 were high rainfall seasons with 800 mm and 833 m
respectively. The above average rainfall contributed to a much
larger intake. In a detailed study of springs in the dolomite
aquifer, ‘elaborated on in Part 10, it could be demonstrated that
certain rgin seasons differ very much from the average and the
annual recharge in cases such as 1970/71 and 1975/76 1is
outstanding. The fact that data from 1970/71 and 1975/76 had to
be discarded in the above analysis provides a clue that much

higher annual recharges than 23 x 106m3 may occur.
Storage Evaluation

Two methods have been employed to calculate the storage: the

bookkeeping balance and a spring analysi§.

'
'
{

Bookkeeping method

Two water balances were prepared to calculate the Storage
coefficient in th? compartment. For each balance period a set
of two water level contour maps were prepared, for the beginning
and the end of the period. These maps ‘were superimposed on each
other and a third map produced, shéwing Ah, the thickness of
the dewatered aquifer. The volumes of the dewatered rock
material were calculated with the aid of a planimeter. The
volume of grdﬁndwater extracted through pumpage, during the
balance period, was compared to the dewatered aquifer volume.

Allowance was made in each case for natural replenishment during

the balance period.
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Application — o

The selection;of balance periods had been complicated mainly by
the insufficient covefage of the area with boreholes. To a
certain extent inadequate depth of boreholes was also an
obstacle. With the development of pumpage, boreholes ‘in the
vicinity of the pumping mine went out of operation rather
rapidly. Upstream and in the eastern three quaters of the
compartment, very few boreholes were available; Drilling which
commenced in the area for geophysical purposes was applied
generally for ad hoc engineering problems. No monitéring net

was laid out for groundwater investigation.

The rate of drawdown in an area with a radius of about 4 km from
the mine can be seen on the key map (Folder 8.1), where the date
at which the water table dropped to the datum of 1 440 m
da.m.s.1l. is shown. ;

'
'
{

Water balance A covers the period 6/1969-6/1970. It includes a
full rain season. The water table contour map at the beginning
of the balance period A is shown in Folder 8.3 and at its end in
Folder 8.4. Folder 8.5 represents the difference -of- one map
from the other. The volume of devatered rock material has been
calculated by planimetration and ’ amounts to 3322 x 106m3.
The total amount of groundwater extracted during the said period
from the compartment was 61,655 x 106m3. An allowance has
however to be made for a full season of natural replenishment
say, about 23 x 106m3. The net extraction was therefore:

6 3 6 3
61,655 x 10 m - 23 x 10 m = 38,655 x 1061:13
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The Storage w1l 1us e 38,655 X 106|[ X ].OO ] ]E/ﬂ
E 3 3

Water balance B, which includes the period 1/1971-1/1972, was
calculated in a similar way. At the beginning of the period
(1/1971), the water levels in boreholes EIN, E1Q and G403,
(Folder 8.1), reached depths of 248 m, 190 m and 150 m
respectively. This would suggest that the area delineated
between EIN, E1Q and thé dyke, where the water table dropped
below 200 m, could for all practical purposes be neglected in
the storage considerations. Balance B covers -therefore a
somewhat reduced area. In the selection of this balance period,

availability of water level records was the main problem.

The natural recharge during this period includes two incomplete
rainy seasons. The first wet months of 1970/71 season are
excluded while 1971/72 season includeg only the first months.
As mentioned before, the recharge me?hnism is not simple and
involves two phases. In accordance: with this setting, the
recharge during balance period B will be a combination of the
delayed phase of recharge from rainfalls during 11-12/1970, the
total recharge from 1-4/1971 and the immediate phase of recharge
from 11-12/1971. It can thus be assumed that the intake during

the said period included a full one“yeatr recharge.
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Folders 8.6 and 8.7 demonstrate the water table’ contour maps at

the beginning and at the end of the balance period. The volume

of dewatered aquifer, 1836,73 x 106m3, was calculated from

Folder 8.8. The total pumped volume of water during balance
6 3

period B was 97,458 x 10 m~. The estimated natural recharge
per year derived in section 8.4 is 23 x 106m3. The net
pumpage is accordingly 97,458 x 1061113 - 23 x 1061113 =
74,458 x 106m3.
¢ 6 3
The storage is therefore: 74,458 x 10 m™ x 100 _ o
= 4,057

1836,73 x 10°m°

Spring Analysis

The discharge pattern shown in Fig. 8.3 is rather typical of the
Summer rain climate and the dolomitic aquifer involved.
Recharge of the aquifer extends over the greater part of the
yYear. Sometimes the delayedl phase at the end of one rainy
season may coincide with the start of the next season's
rainfall. It is therefore only during 'a limited period of two

'
to three months that a recession curve may follow.

Depletion curves of discharge through a spring system, during a
non-replenishment period, can be approximated very closely by an
exponential function, sometimes with more than one exponential
function (Mero, 1963). Discharge-storage relationship can thus

be studied by analyses on semi-logarithmic paper.
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Monthly discharges from the short periods of assumed no intake
in every year (December, January, February) have been compiled
and plotted t;gether in Fig. B8.25. The result is a straight
line which represents the free drainage through the spring,
provided no recharge takes place. The time wunits on the
horizontal (arithmetic) scale indicate months. By selecting a
starting point of discharge on the logarithmic scale, and
assuming no intake occurs, it is possible to calculate
successive monthly discharges of free drainage. Several
practical applications may be worked out, based on the depletion

line in Fig. 8.25.

The time interval measured in months, on the horizontal scale,
between a starting point “a" and the point where the sloping
line intersects the zero discharge represents the time required
for the complete drainage of the storage in the reservoir. The
reservoir is defined as the mass of aquifer between the water
table surface and a horizontal plane,; the elevation of which
corresponds to the outflow point of the spring. In the case of

Bank Compartment, the time required to drain the reservoir would

be about 40 months.

Records from the few observation holes which had been din

operation during 1959-1967 allow for 'the construction of a rough

water table contour map, (Folder 8.9). The aquifer volume of

the reservoir has been calé;lated for October 1963, and the

spring outflow altitude was taken as the base of the reservoir.
6 3

The aquifer vblume, (Folder 8.9, totals 1519 x 10 m . The

groundwater storage retained in the aquifer, on the above data,
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8.

6

nas been rtead from the depletion line, Fig. 8.25, in monthly
portions of discharge up to the complete drainage of the

tn e 6 3
reservoir. -This wvolume of water amounts to 15,6 » 10 m™.

The storage coefficient obtained is:

Groundwater storage x 100 = 15,6 = 100

= 1

a8

Reservoir volume 1 519
Recharge — Rainfall relationship

Iﬁ order to investigate the relationship - between recharge and
rainfall, annual net recharge has to be compared with rainfall.
The annual discharges at Bank Spring have been corfecgéd in the
following way: For every year, starting in October, the monthly
discharges of twelve months were read-off from the depletion
line and summed up. This amount represented the assumed free
drainage which would have issued if no recharge had taken
place. Each annual free drainage was then substracted from the
corresponding recorded gross annual outflow. Thus corrected,
annual recharge figures have been aréived at (Table 8.6). 1In
Fig. 8.26, corrected annual discharge'figures have been plotted
against total annual raiafall. The linear relationship is
clearly observed. This relationship enables the forecast of the
net recharge for the given annual rainfall amounts. An
additional parameter which can be deduced from Fig. 8.26 is a

threshold value of rainfall, 200 mm, below which apparently no

recharge will occur.
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TABLE 8.6: Calculation of the annual natural recharge - --._
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All amounts in 106m3. Rainfall in mm

Year
(1/10-30/9) QL Q2 - Q3 Rainfall
1958/59 22,03 11,89 10,14 712

.. 1961/62 16,86 19 .55 4,31 773
1962/63 21,90 1,39 10,51 713
1963/64 21,22 12,55 8,67 608
1964/65 18,13 11,39 6,74 530
1965/66 16,67 9,55 7,12 553
1966/67 16,04 9,00 7,04 897

Bank spring: Total annual discharge (Ql), calculated annual free drainage

f~_"(QZ), corrected annual discharge (Q3 = Ql - Q2)

The corrected annual discharge is equal to the annual natural recharge.

8.7

The 1960/61 season was discarded in Fig. 8.26 as the discharge
data do not seem plausible. The 1966/?7 season does not fall in
line with the rest, and no explanation is postulated to account
for this discrepancy. It will be shown later, in the study of
springs (Part 10) that the replenishment all over the studied

area during 1966/67 was lower than the expected. S i

Discussion

Some inaccuracies in the above calculations are due mainly to
the lack of a proper net work of observation holes. This is
also the reasén that an investigation of a vertical change in
storage was not applicable. Another shortcoming is inadequate

simultaneous rainfall gauging points, which is essential for a

detailed hydrometeorologic study.




Out of the three water balances carried out to determine the
storage, two yielded cleosely-related figures, namely, 1% and
1,242. A higger figure of 4,05% was found throupgh bhalance B. It
is however noted that each of these balances has its drawbacks
and should be evaluated accordingly: In bhalance A, due to the
configuration of the depression cone, deeper parts of the
aquifer are involved in the dewatered volume. Porosity is
expected to decrease with depth (Enslin and FKriel, 1967),
consequently the calculated storage coefficient is too low. 1In
balance B an amount of 23 x 106m3, which equals the natural
recharge of one year, has been introduced to the calculation.
This figure however represents an average which is not
applicable for the 1970/71 season. During this exceptionally
wet season, the recharge may have been twice as much, a fact
which is confirmed by analyses of springs located in other
geohydrologic units. The calculation may thus be revised as

follows: 97,458 x 10°m> - 46 x 10%n7 = 51,458 » 10603

'
!
{

51,458 x 16%° % 100

= 2,8
1836 x 10043

The storage coefficient obtained from the spring. analvsis is
most probably an under-estimation. In this case the weal points
are the highly conjectural nature of the reservoir volume and a
poss%ble built-in inaccuracy of the depletion line. The use of
the depletion line is justified where a no-recharge period is
assumed. Whether this requirement is completely satisfied has

not been proved.
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INVESTIGATION OF TURFFONTEIN AREA R
Introduction
Turffontein Area, as compared to previously discussed

geohydrologic units, had not been geophysically surveyed. The
occurrence and mnature of significant sub-surface structural
elements such as igneous dykes are still missing. The area
covers some 400 km2 of Maimani Subgroup outcrops, mostly
concealed below younger decomposed rocks and soil. The
Wonderfontein River crosses the area along its centtal “part, and
on the whole, geohydrologic conditions in the Turffontein Area
are similar to those described before farther upstream. The
dolomite dips regionally southwards where it is overlain by
sediments of the Pretoria Group. These sediments stand out
topographically as a hilly crest bordering the area to the south

(Folder 9.1). ;

'
'
{

Preliminary sampling and chemical analysis of surface-waters
were done in May 1977. A full scale sampling programme of

groundwaters was carried out in late 1978.

As it was found that mine effluents play a major role in the
hydrologic setting in the Turffontein'Area, a closer follow-up
of surface-water qualiEy has been unﬁertaken. Some 17 stations
were selected ;here water has regularly been monitored since the
end of 1979. At the beginning, samples were collected every

fortnight, but this has later been changed to a monthly

frequency.
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The impact of gold mining activities on the quality of water

Uncontaminated genuine aquifer water in the studied area is
generally of low mineral concentration, typically 100 to 500
milligram per litre total dissolved salts. The ma jor ions being
1g++

Hco;, catt and b

Under the ©present circumstances however, the quality of
groundwater in this area no longer reflects purely mnatural
conditions. Although the sources of contamination include the
use of fertilizers, manure from cattle farming,- urban sewage
effluents, air-borne salts of industrial origin, by far the

dominant factor affecting groundwater is due to the extensive

and prolonged mining activity in the Far West Rand.

A close inspection of routine water use by the gold mines
immediately reveals that the general trend is one of 2 constant

]
deterioration in the quality of the available water.

The influx of originally fresh dolomitic water, derived from the
overlying aquifer, descends hundreds of meters and remains in
contact for a considerable time with a different type of newly

excavated rock material, which is commonly rich in sulfide

minerals, mostly pyrite. These are easily oxidized and
dissolved. As a result, the. water is enriched in sulphurie
acid. Water is practically used in all underground processes
and is store@ in underground reservoirs. Explosives commonly

used down the mine also contribute chemicals to the water. To

neutralise the acidity of the water it is often treated with




lime. Water in excess of the underground requirements is pumped
to the surface. Most of this amount is disposed of away from

the mine as effluents.

Up on the ground surface a certain amount of water is essential
in the process of the extraction of the gold. Crushing and
grinding of rocks in reduction plants are wet processes. Water
is however recycled in a closed circuit. In the process of
cyanidation gold enters into solution as cyanide complexes and
the fine-grained rock residue mixed with water is boostered to
the slime dams and allowed to settle. Under normal conditions
this too is a closed system where water 1is recirculated.
Generally no serious contamination hazards to groundwater are
expected in connection with these closed systems. Occasionally,
for instance during storm spells, slime dams may become flooded
or the walls may yield, stored fluids thus spill out and the

mineralized water may percolate to the aquifer.

r
'

{
Piles of mined and crushed rock material dumped around mine

shafts are exposed to rainwater for long periods of time, it
undergoes a similar leaching process as described in conmection

with the underground workings. This source of salinity may

contribute directly to the underlying groundwater.

Leakage from slime dams is another possible source of
contamination to be considered although it is as;umed that such
leakage is usually significant only during the initial stases of
operation of a slime dam, while later onm the bottom layer is

sealed off by fine grained sediments.
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Geohydrologic setting g

Turffontein Area is bounded on the east by a major dyke which
separated Oberholzer Compartment from the Turffontein Area. A
strip of several dykes probably faulted and discontinuous forms

the western boundary (Folder 9.1).

Groundwater drains through Gerhardminnebron and Turffontein
Springs. These springs are advantageously located away from the
Wonderfontein stream bed and the flows gauged at the points of

issue consist of groundwater discharge only.

Nearly all available boreholes are concentrated along the river
courses. Data is insufficient to present a water level contour
map. Groundwater flows in a south-westerly. direction, as is
inferred from the limited information on water levels from
boreholes (Folder 9.1). A further sub-division of the area into
smaller gechydrologic units may be expeFted but with the lack of

a geophysical survey, this cannot be positively demonstrated.

Two separate groundwater depressions exist on either side of
Oberholzer Dyke, _a deep one resulting from the dewatering of
Oberholzer Compartment by West Driefontein and Blyvooruitzicht
Mines, and a shallower one which r1s- due to abstraction of

groundwater by Doornfentein Mine.
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Disposal of water from the gold mines - -

Groundwater ab;tracted from the dolomite aquifer by gold mines
has been diverted as. effluents into the studied area. The

effluents are discharged west of Oberholzer Dyke.

Two groups of mines may be distinguished in this respect: Group
I includes Venterspost, East Driefontein and West Driefontein
Mines. Group II includes Blyvooruitzicht, Western Deep Levels
and Doornfontein Mines. As from mid-1977, intercepted Donaldson
Dam and Gemsbokfontein Eye water are also included in the flow

coming from Group I mines.

Effluents from both mine groups flow in water proof pipes and
concrete canals up to the eastern boundary of Turffontein Area,
so as to avoid leakage. In the studied area however, west of
Carletonville, the effluents are carried in a combination of
earth furrows, concrete canals and the;river course. The water
is also temporarily:stored in earth dams and regularly overflows
to resume its course downstream in the river bed. Obviously,
percolation down to the saturated zone is expected in the

studied area. = - = o

The surface water flow pattern in " the area is schematically
demonstrated in Folder 9.1: Water from Venterspost No. 2 Shaft

arrives at point C, (Former Bank Eye), where the flow is
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automatically recorded at Station C2M30 (Fié-“‘g.l). - From
Point C the water is divided ilnto two carriers. One of the
canals arrives at the dividing box point F, and the other, which
also runs across Obe;holzer Compartment, extends beyond it into
the Turffontein Area. The flow in this second canal is supposed
to be gauged at Station C2M44, point L (Folder 9.1 and

Fig. 9.1). Most of the data from this station was technically

unsatisfactory.

Another carrier, a 1 meter Pipe, delivers a combination of water
from Venterspost Mine Shaft 1 plus the water intercepted at

Gemsbokfontein Eye. This Pipe discharges into a ecanal which

leads to the dividing box.

Effluents from West and East Driefontein Mines enter the

dividing box at point G.

1
The water entering the dividing box mixes and leaves the box in

t

two canals going westward beyond the bdundary dyke. Flow in the

northern canal is automatically recorded at Station C2M57,

" point J (Folder 9.1). Flow in the southern camal is supposed to

be measured respectively at Station C2M32. Unfortunately all
data from C2M32 %:s worthless and had to be rejected. A few

manual measurements were carried olt ''during 1980 at Station

C2M32 which enable a rough estimation of the average flow.
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In the Turffontein Area the water flows in - twe parallel
courses. One water carrier enters Carletonville Nature Reserve
Dam and the other by-passes this Dam. It is worth mentioning
that occasionally when large volumes of effluents are involved,
part of the water is diverted into an abandoned quarry and a
cave system on the northern bank of the river (Folder 9.1).
Water leaving the above mentioned nature reserve dam continues
westwards to Welverdiend Dam. Shortly before the dam the two
water carriers join together. From Welverdiend Dam thé water
flows downstream in the river. On its route, the river collects
the spring flows from Turffontein and Gerhardmipneyron, and
residual amounts to surface-waters from the studied area,

eventually reach Boskop Dam.

Effluents from Group II mines also enter Welverdiend Dam and the
flow amounts are automatically recorded at Station C2M60

(Fig. 9.1). Water leaving Welverdiend Dam is automatically

monitored at Station C2M69 (Fig. 9.1).
i

The total monthly amounts of inflow to Turffontein Area are
shown in Fig. 9.1. This could however be worked out for a

relatively short period of time and the calculation is sub ject

Lo some inaccuracies due to the lack of measured data at

Stations C2M44 and C2M32. g L
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By substracting the flow at C2M69 from the " total. inflow
(Fig. 9.1) an approximate idea may be formed concerning the
magnitude 'of_ the combined components: Artificial groundwater
recharge, ev;potranspiration and consumption. These figures

however are valid for part of Turffontein Area only as Station

C2M69 is not located on the western boundary.

The uncertainities introduced in the graph which described the
monthly total inflow (Fig. 9.1) renders it impractical for
comparison with the monthly total amounts of groundwater pumped
by the mines (Fig. 9.2). Such a comparison could indicate the
rate of consumption of irrigation water east of déerholzer
Dyke. Nevertheless, a similar general trend can be observed
during 1974-1978, when the amounts of water discharged into
Turffontein Area (Fig. 9.1) are compared with amounts pumped by
the mines (Fig. 9.2). The total annual amounts pumped by
Group I mines, less the water consumed on the mines, increased

during the said period from some' 48 x 106m3 to about

B8O x 106m3. The total annual amountls of groundwater pumped
by Group II mines, and diverted to Turffontein Area remained

more or less constant, and is in the range of 6 x 106m3.

Reaction of the gro'mndwater System to artificial rechéré;

~ r ;_'..

A major dewatering episode of the Oberholzer Compartment occured

during the period 1954-1967. The abstracted water was

discharged into the Wonderfontein River and this manifested
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itself in the increase in Turffontein Spring discharge,
demonstrated in Fig. 9.3. Also shown in Fig. 9.3, as a
reference for comparison, is the discharge hydrograph of
Maloney's Spring, the outflow of which represents drainage from
a compartment completely unaffected by artificial interference.
The diverse trends observed in the discharges of the two
springs, under identical climatic conditions, sugpgests that at
Turffontein the reaction of groundwater is due to artificial

recharge by the effluents.

A similar dewatering episode occured during the years 1970 and
1971, as seen in Fig. 9.2, where monthly amounts of water
abstracted by Group I gold mines, during the period 1965-1978,
are shown. In these figures, consumption on the mines is
excluded, but no records are available for amounts utilized for
irrigation. Most of the abstracted water has been discharged as
effluents onto the dolomite terrain beyond Oberholzer Dyke
(Folder 9.1). 1In this case however, the natural replenishment
!
pattern somewhat complicates the picture. From Maloney's Spring
discharge hydrograph (Fig. 9.4) it appears that 1970/71 was an
exceptionally wet season which contributed to an increased
outflow. Water levels observed in two mine shafts and a
borehole (Fig. 9.5) reveal a rise in the beginning of 1970.
This rise most probably reflects " the' response to artificial

recharge, because the outstanding wet season only started later,

namely at the end of 1970.
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This correspondence between recharge due to-— effivents and
groundwater behaviour can be observed simultaneously on the
Turffonteiﬁ Spring hydrograph (Fig. 9.6) where an increase in
discharge started here too Prior to rainfall. The rather high
discharge, maintained later on, consists assumingly of a
combination of artificial and natural recharges. The
correlation found also indicates that the groundwater system of

Turffontein Spring reacts rather rapidly to recharge.

Inspection of the discharge hydrograph of Gerhardminnebron
Spring (Fig. 9.7) does not clearly reveal such a. correlation
between artificial recharge and outflow. The small increase in
September 1970 is too ambiguous to be substantiative. A
significant increase occurs in—this case in April 1971, which of
course could be interpreted as the response to natural
replenishment. It 1is plausible that the larger size of
Gerhardminnebron groundwater System, with an annual discharge of

20-29 x 106m3, as compared to Turffontein with

{
6 3 '
14 x 10'm”, is the reason for the yague impression of the
comparatively small quantities involved in the artificial
recharge.

Hydrochemical Aspects

Simultaneous water sampling has been undertaken during late

1978, and full analyées are  presented in Table 9.1.

Occassionally repeated samples were taken. Water samples in the
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TABLE 9.1: Chemical analyses of waters fromg Turffontein Area, ip milligrams per lirre

—_
No. Source TDS PH Ca Mg Na K 51 C1 504 HCD3 NG3
SPRINGS
Turffontein 604 7,70 73,3 42,7 29,6 1,2 8,4 25,4 156,8 256,4 10,4
2 Gerhardminnebron 405 7,80 52,6 32,1 7,8 0,5 7,8 8,3 48,8 237,7 8,9

3 Maloney _ 227,90 26,0 15,4 3.3 0,5 6,7 2,0 2,0 155,8 1,1
- e R
EFFLUENTS

4a @ 00 7,60 56,9 32,7 33, 3,1 4 17,6 179,5 151,4 219
4b - 'K 512 7,53 57,9 33,5 34,0 3,1 4,9 18,5 150,0 145,6 24,4
» J 510 7,29 55,7 34,4 3,9 3,1 5,7 18,0 188,5 1529 19,4
s q 1 0% 6,80 124,9 30,8 131,8 10,2 5,7 101,8 588,2 41,2 44,9
;~ 5 L 356 6,69 152,0 56,6 180,3 13,8 4,2 135,0 740,2 33,4 40,3
7 T 1536 6,65 180,8 62,8 183,35 16,2 4,6 152,9 851, 45,4 42,6
BOREHOLES aND SHAFTS

8 RH Gep 1 629 7,40 76,3 49,2 21,3 LS 8,3 15,4 94,9 349 21,1
W3 331 7,45 67,0 40,9 1g,g L2 9,5 12,9 133,6 23,0 17,9
10w 386 7,31 73,2 43,9 27,7 L6 9.2 16,6 215,4 1gg,3 18,4
Al wN2 591 7,28 76,8 45,4 26,4 1,6 9,1 14,7 232,2 177,4 1s,5
12 Annan Shafe 616 8,29 62,6 40,0 49,8 25 7,1 34,7 191,35 221,9 5,5
13 No. 2 Shaft 477 7,86 59,2 35,6 14,2 L1 8,6 11,4 80,1 2536 13,4
14 wm 289 7,70 40,3 22,3 5, %7 X3 . Lz 1 218,1 2,3
15 VE2 464 7,59 58,5 36,4 16,6 L2 8,7 12,4 95,6 2285 14,7
16 wp4 437 7,61 58,3 34,9 15,7 L3 81 10,7 95,8 22,5 13,6
17 w2 494 7,50 65,8 37,1 17,4 139,22 12,4 117,5 2277 14,2
18 wp7 322 7,45 64,9 39,4 25,9 L7 9.1 14,2 190,9 167,6 16,7
19 WD6 648 7,40 B1,1 50,1 21 2,0 7,7 19,9 228,59 206,0 30,3
20 WD5 545 7,60 69,5 42,4 12,2 1,2 9,2 17,0 97#3 282,6 22,5
21 wp3 369 7,45 43,7 29,4 g, L 9.5 18,5 16,0 233,5 15,1
22 yEl 471 7,59 55,5 36,4 15,2 L2 8,8 11,5 g7, 248,4 14,2
23 BK8 498 7,52 61,7 37,9 20,5 1,7 8,2 13,0 112,3 2355 10,p
26 BK4 3% 7,56 73,4 40,9 35, Bl 8.4 13,2 17,2 22,8 11,6
25 BK3- 602 7,60 72,2 40,9 35,6 1,6 8,4 32,3 182,8 223,8 12,2
26 BKZ 473 7,41 62,6 36,4 Y4 1,2 g, 23,4 86,9 233,9 13,6
27 BK1 705 7,40 83,1 47,0 52,4 2,0 8,2 43,9 261, 202,59 12,1
28 BKe 397 7,61 74,4 42,4 128 L3 8.5 32,9 171,4 22,7 12,5
29 BK7 405 7,50 54,1 30,4 %2 1,2 8,9 g, 50,5 238,8 12,4
30 3 479 7,61 63,7 36,4 g L2 8.8 12,4 56,2 20,2 7.7
31 B3 420 7,9 41,2 40,9 3,5 1.3 8,9 5,8 1 00 13232 4,1




No. Source TDS pH Ca Mg Na K Si Cl SDA HCD3 NOJ
32 TH2 515 7,52 69,0 34,9 16,8 2,9 8,8 10,7 99,8 270,9 7,9
33 Gl 353 7,627 43,2 Jo,4 6,2 2,4 8,0 6,4 32,0 227,77 4,7
34 K13 274 7,21 18,2 23,4 16,4 2,9 16,2 5,8 3,4 1B4,6 18,9
35 BL2 645 7,60 82,4 51,7 11,7 1,3 9,4 24,0 22,8 416,6 33,7
36 RT1 570 7,80 74,0 5&,3 4,5 0,7 10,1 14,4 5,3 409,6 17,1
37 W294 588 7,80 72,1 47,3 B,6 1,8 9,2 10,2 31,9 413,13 2,4
38 KLL 635 7,53 78,3 48,1 10,5 10,0 9,2 32,9 44,5 366,3 43,1
39 L2 325 7,58 69,0 40,9 13,1 1,2 8,8 16,6 64,6 313.6 6,3
40 BL1 308 7,58 64,8 39,4 8,5 1,2 7,8 14,6 13,8 352,9 12,1
41 Hi2 491 7,77 59,3 37,9 11,0 2,0 9,2 13,7 5,9 334,8 25,5
42 HL1 697 7,68 80,6 55,2 14,7 3,6 8,8 27,2 22,8 448,4 43,4
43 DT3 482 7,73 64,7 36,4 7,9 1,3 Fi2 7,7 20,7 33s,9 5,7
Lb4 W26l 778 7,60 102,4 63,0 17,8 0,3 6,8 78,0 66,2 400,5 49,2
;45 GN2 543 7,58 69,2 39,9 13,5 1,2 9,2 14,2 50,7 3s52,0 2,6
46 KH1 555 7,69 69,2 44,7 9,4 2,7 9,5 19,7 20,7 369,1 18,5
47 ML5 406 7,67 49,7 31,2 7,2 1,4 8,8 3,6 0,6 310,0 1,5
48 RI1 426 7,90 45,4 32,0 15,3 2,4 10,1 345 3,6 322,8 0,3
49 w240 605 7,50 73,1 48,8 10,3 0,8 7,8 9.3 13,3 432,0 16,8 -
50 ML6 374 7,76 41,2 32,7 3,4 1,8 46,1 3,5 0,0 287,9 0,7
51 HL4 381 7,74 47,5 28,3 4,4 2,9 7,3 2,4 0,0 292,3 2,2
52 KH2 488 7,59 65,9 37,1 3,1 0,8 8,8 2,8 0,0 363,8 14,5
53 HL3» 145 6,93 10,8 12,8 5,2 3,4 10,8 2,4 0,0 106,2 4,4
54 ML7 136 7,11 B,4 14,3 5,0 3,5 15,2 L2 0,0 102,8 0,3
55 T52 281 7,27 23,8 21,9 13,2 2,5 16,8 15,6 0,0 158,2 45,7
56 DT1 358 7,60 45,5 27,8 5,4 2,0 10,9 3,1 0,0 266.2 10,1
57 5D1 187 7,25 12,1 15,6 90 4,0 13,5 2,9 0,0 129,5 13,8
58 DT2 193 7,10 13,8 15,6 9,7 2,5 13,1 2,7 0,0 121,2 27,2
39 ST1 306 7,47 23,8 24,0 17,9 2,9 12,4 5,& 0,0 227,9 4,1
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Studied area were derived from the following sources: Springs,
sampled at . Turffontein and Gerhardminnebron. Water from
Maloney's Spriné is also shown for comparison (Table 9.1 nos.

1-3). Imported effluent waters. These include two components:

Effluents from Group I mines with an average annual discharge of
64 x 106m3 (1972-1978), sampled on the eastern boundary
(Table 9.1 nos. 4a, 4b, 4). The other component consists of
effluents from Group II mines with .an  annwal discharge of
6 x 106m3, sampled at the entrance to Welverdiend Dam
(Table 9.1 no. 5). Samples Nos. 6 and 7, Table 9.1, were
collected downstream along the river at points S and T
respectively. A regular monitoring of effluents from Group I
and II mines had been conducted for some time prior to 1978, by
the Water Pollution Control Division of the Department of Water
Affairs. Results from partial analyses are available and have
been plotted in Fig. 9.8 and 9.9. Fig. 9.8 demonstrate the
ranfe of the total dissolved solids (TDS) and sulphate ion
content involved in effluents from Group I mines. 1In Fig. 9.9 a
linear relation of sulphate to TDS may beé observed in effluents

from Group II mines. Groundwaters. Some fifty samples from

boreholes and mine shafts were collected (Table 9.1) nos.
8-59). Distribuﬁion_of the sampling points is limited fo the

available boreholes in the studied area. The sulphate ion

g

content is also shown in Folder 9.1.
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Uncontaminated aquifer water constitutes a bicarbonate solution
with calcium - and magnesium as ma jor cations, and is
characteristiéally nearly devoid of any sulphate. The almost
total lack of sulphaée, in these aquifers, is also concluded
from results of an investigation conducted in another dolomitie
unit, the Schoonspruit Area (Part 11), where no mining activity
occurs and which is otherwise analogeous to Turffontein Area.
Mineralization of natural water is accomplished in a dynamic
system. Higher mineralization of the groundwater ié assumed to
indicate a longer water-rock interaction time peried, which
would  account for a more extensive leaching  process
(Schoeller, 1959). Cumulative 1leaching of bedrock in these

formations consequently enriches the groundwater in bicarbonate

and calcium and magnesium ions, subject to various constraints.

As  previously stated, the majority of the groundwater
encountered in the studied area, have, to a minor or ma jor
extent, been subject to contaminatioj. Nevertheless, some of
the samples do represent original aquifer water. The dominant

sources of contamination consist of the mine effluents (Tahle

" 9.1 sample Nos. 4a-7). The actual mixing process is rather

complicated- for -several reasons: Firstly, the contaminating

sources do not reveal .a strict consistency of concentration with

time, and occasionally also Show'  various compositions.
Secondly, the contaminating sources may come in contact with

aquifer waters of various natural concentrations due to
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mineralization. Thirdly, wmixing with CaSO4 “rich solutions
(contaminants), introduces the effect of a common ion with

CaCOB. In other words, saturation in respect of CaCO3 may

be reached at an earlier stage than otherwise.
Classification of waters

It is possible to classify the waters in the area into groups on
a4 more genetic basis, and to define end members which in various

combinations yield the mixed water samples.
Effluents

Were sampled at points H, XK, J, Q, S5, T (Folder 9.1) and are
shown in Table 9.1 nos. 4a-7 and Fig. 9.10. They consist
characteristically of sulphatic waters with Ca, Mg and Na as
major cations. The two sources of effluents namely points H, K,
J and Q differ considerably. Water saméled at points H, K, J is
of lower concentration, TDS around 500 mg/l, ion ratios,
expressed in reaction values: (a mg > Na and HCO3/504
high compared to samples from points Q, S, T. The other source,
point Q, reveals high TDS, 1000 mg/l and more. Cation ratios in

Teaction values are Ca< Na > Mg. Significantly low bicarbonate

~ " ;-r-

is expressed in the ratio HCO3/SOA.
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Aquifer water (Uncontaminated) T

Includes wat;rs which developed naturally in the aquifer,
underwent mineralization but did not become wmixed with
effluents. The presence of sulphate is taken as an indication
of possible mixture. A small amount of nitrate is constantly
present, apparently from both rain water and vegetation origin,
yet some excess contents, uncorrelated with effluents
contamination could probably be attributed to stock farming and
fertilizers. This group can be further sub-divided into three
subgroups, a, b and c¢. The criteria followed is degree of
concentration reflected by TDS and HCOB. The Ca/Mg ratio

tends to increase from subgroup a to c. The ranges chosen are

however somewhat arbitrary.

Subgroup a

Includes low concentration water, IDS < 300 mg/l, HCO, up to

3
150 mg/l. Such water is found presumably near the upstream
boundary of the aquifer. Representative samples of this
subgroup ML7 and ML3 (Table 9.1 nos. 54, 53, Folder 9.1 and
Fig. 9.10) come from a nearby pre-dolomite aquifer which drains

into the studied area. Samples from £Dl, DT2 and TS2 (Table 9.1

nos. 37, 58, 55) could also be inclided) but contain more NO, .
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Subgroup b —_

Include medi;m concentration water. TDS are between 300 and
500 mg/1, while HCO3 conceniration is 150~-350 mg/1.
Representative samples come from boreholes STl, ML4, ML6, RI1,
ML5, BL3 and WDl (Table 9.1 nos. 59, 51, 50, 48, 47, 31, 14,
Folder 9.1 and Fig. 9.10). Samples from boreholes KH2, ML2 and
K13 (Table 9.1 nos. 52, 41, 34) are different only in respect of
high NO3 content.

Subgroup ¢

Is characteristic by being even more concentrated.
TDS > 500 mg/1l and HCO3 > 350 mg/l. A sample from borehole
RT1 (Table 9.1 no. 36, Folder 9.1 and Fig. 9.10), is typical.
Samples from boreholes BL2, W294, W240 (Table 9.1 nos. 35, 37,

49) are contaminated variants of this subgroup._

r
i

{

Mixed waters

By far the largest group of samples consists of contaminated
mixed water. Various degrees of contamination can- be observed
and all three subgroups of aquifer water may be involved.
Samples from boreholes WN3, WD2, WD6,*VElL and W261 (Table 9.1
nos. 9, 17, 19, 22, 44, Folder 9.1 and Fig. 9.10) were selected

for illustration.
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Spring waters S o

Samples from Eerhardminnebron and Turffontein springs (Table 9.1
nos. 2 and 1, Folder 9.1 and Fig. 9.10) would, for all practical
purposes, fall under the mixed, contaminated water group. Water
emanating at Maloneys Eye, Steenkoppie Compartment (Table 9.1
sample No. 3) may be regarded as uncontaminated genuine aquifer

water.

All water samples were investigated for the solubility of
calcite and gypsum. A number of samples, representing the
mixed-water group, effluents—end-members and spring waters were
plotted in Fig. 9.11, after Hem 1970. Fig. 9.11 defines four
regions: Unsaturated in regard of both compounds,
supersaturated for the same, a gypsum supersaturated zone. and a
calcite supersaturated zome. Ionic strength was calculated and
ion activities were taken into consideration. It appears from
Fig. 9.11 that all samples are undegsaturated with respect to
gypsum. On the other hand the bulk of the mixed water samples
are saturated as regards calcite. Samples from boreholes WN1,
WD7, WD6 and BK1 (Table 9.1 nos. 10, 18, 19, 27) with relatively
high sulphate and low bicarbonate fall in the unsaturated zone.
The composition of these waters probably indicates water with a

high proportion of effluents comparéd’ té aquifer water.
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Because all investigated waters tend to remain unsaturated with
respect to gypsum, it 1s suggested that SO4 can be applied as

a mean to determine mixing proportions in the various samples.
Regular chemical monitoring of waters

In order to gain a better understanding regarding the chemistry
of surface flows and springs in the area, a monitoring system
consisting of 20 sampling points, was established and since
January 1980, regular monthly sampling is carried out at these
points. Results of the chemical analyses are bregented in
Table 9.2. Sulphate content only is shown in Table 9.3, and for
each sampling date the concentrations of sulphate simultaneously
at all stations are tabled. Positions of the sampling points
designated C to T and the springs are shown in Folder 09.1.
Average values of TDS and SO4 were calculated for each station
(Table 9.2), as well as the relative magnitude, in reaction

. . . !
values of the major cations and anions.,

Surface waters with the lowest TDS concentration come from
Venterspost Mine at peoint C, and from West and East Driefontein
Mines at poinfs E and G. The average TDS at these Points is
435, 470  and 465 mg/l respectively, and the sulphate
concentrations are 177, 176 and 178.?7Cé'§'Mg > Na at all three
points and S0, > HCO, > C(Cl. At point C a few samples

4 3

occassionally show the relation HC032> 5043> Cl.




SO{; = HCO3 > Cl

Ca > Mg > Na

TABLE 9.2: Chemical analyses of surface-water and springs frog
Turffontein Area in milligrams per litre ‘ i
Date DS pH Cca - Mg Na K Si c¢1 SOA 3003 N03
_ Sampling Point C c2M30

11/12/79 567 7,8 66,7 37,9 46,7 2,2 7,4 L2,E 2321 91,8 3,1
12712/80 203 7,2 25,6 18,2 8,7 1,1 5,3 6,4 39,5 98,1 0,3
. 27/2/80 527 7,9 70,1 41,1 30,4 2;3 0,0 15,7 257,2 107,2 2,7
10/3/80 299 8,0 35,6 26,2 14,8 1,2 7,1 10,7 66,7 136,2 0,8
16/4/80 319 7,7 34,7 28,1 14,3 og 7,4 10,4 66,7 155,9 0.8
5/5/80 321 7,5 42,1 26,7 12,8 1,0 7,6 10,7 68,5 150,9 Lyl
22/5/80 iz T2 BB, 35,0 35,4 1,9 7,2 13,4 173,2 177,4 2,9
11/6/80 503 7,6 62,3 35,7 40,0 2,6 1,0 15.4 235,1 106,9i 3,9
21/7/80 506 7,3 64,9 38,3 35,5 2,0 7,3 15,9 235,0 104,9 2,5
22/8/80 490 2,9 57,7 36,0 32,2 2,2 7,4 12,9 243,5 94,1 3,8
lf/?/BO 238 7,3 68,5 40,1 40,1 2,6 7,0 16,0 273,1 86,5 13,6

Average hzg;— 177

(7) 804> HCOB> Cl Ca > Mg > Na (8)

(4) HCO4 > 50, > C1 Mg > Ca> Na (3)

Ca = Mg :
/
Sampling Point D, 1 m pipe

29/1/80 785 7,3 128,6 40,7 45,2 5,6 5,4 23,3 480,5 52,2 3,7
27/2/80 1129 6,7 207,8 45,0 64,5 7,1 0,0 30,6 755,8 13,6 5,0
10/3/80 812 7,1 127,3 39,5 53,1 3,9 6,1 20,0 503,6 56,0 2,5
16/4/80 851 6,8 144,4 38,4 59,9 5,0 5,4 22,1 515,0 5370 3,4
5/5/80 823 »3 123,3 41,4 65,5 3,8 7,1~ 2237 490,5 64,6 3,6
22/5/80 772 7,1 120,7 40,8 41,6 3,3 7,1 25,9 441,0 88,3 3,6
11/6/80 800 7,1 137,5 39,1 55,7 4,1 ke 227 458,1 70,7 4,5
21/7/80 830 7,1 142,4 42,0 57,5 4,9 7,4 23,0 463,2 83,2 5,9
22/8/80 797 7,0 130,7 40,5 56,7 4,4 7,3 21,9 452,7 77,3 5,1
17/9/80 790 g 128,7 40,1 60,2 4,9 7,3 23,3 435,8 86,6 3,4

Average _55;_ 500




Sampling Point E, Canal from E + W Driefontein Mines

27/2/80
10/3/80

16/4/80°

5/5/80

22/5/80
- 11/6/80
21/7/80
21/8/80

Average

466 7,6 58,0 37,8 32,4 3,1 0,0 19,3 183,6 127,4 4,0
460 8,2 54,1 34,2 36,5 2,4 0,7 16,8 181,0 131,5 2,9
459 7,2 57,8 33,7 34,7 3,0 7,1 18,3 168,4 131,6 4,0
495 7,0 59,5 37,2 35,8 2,7 7,5 19,5 197,6 131,8 2,9
“8L 7,7 65,1 35,6 30,7 3,1 7,5 20,8 161,6 150,6 6,0
464 7,5 59,7 33,8 33,3 3,0 7,3 17,0 170,4 134,0 5,2
“61 7,4 56,7 34,7 31,7 2,8 6,9 18,0 165,5 141,0 3,2
476 7,2 59,2 37,3 40,8 3,7 7,2 19,2 180,4 122,2 6,2

470 176
Ca = Mg > Na SO4>Hc03> i .-

Sampling Point F Dividing box from Venterspost Mine

29/11/79
18/1/80
12/2/80
27/2/80
10/3/80
16/4/80
5/5/80
22/5/80
11/6/80
21/7/80
21/8/80
17/9/80

Average

721 7,4 127,5 31,8 45,7 4,3 4,6 18,2 411,2 75,5 2,4
735 7,1 118,5 40,9 48,7 4,5 7,3 23,1 407,4 81,3 3,7
849 7,1 145,7 41,7 54,4 4,9 6,0 19,2 493,0 81,2 3,3
1065 6,7 198,9 44,1 60,4 6,8 0,0 29,1 69,9 23,4 4,9
787 - 7,1 120,3 39,5 50,4 4,0 6,3 19,4 481,1 63,9 2,4
826 6,8 139,7 39,0 59,0 4,9 5,5 22,1 490,6 61,4 3,4
822 7,0 120,2 41,6 63,9 3,7 7,0 22,4 486,7 72,9 3,2
810 7,3 133,5 39,7 55,0 3,5 7,2 14,9 470,3 82,6 3,6
710 7,3 117,6 38,8 48,7 3,6 7,2 20,6 384,2 84,7 4,8
708 7,1 112,4 39,7 47,6 4,1 7,0 21,8 369,2 101,3 4,8
718 7,3 113,8 39,1 47,4 4,3 7,2 20,8 393,3 87,5-4,9
789 7,3 126,4 40,1 58,0 4,8 7,1 23,9 442,3 83,2 3,3

795 TR T 461
Ca > Mg > Na S0 >HCO3>C]_
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Sampling Point G Dividing box from E + W Driefontein Mine

29/11/79 432 8,2 51,9 29,0 32,0 2,8 7,1 14,9 180,6 110,1 3,6
18/1/80 488 7,4 59,4 34,1 36,7 3,5 8,4 21,2 196,5 122,5 6,0
29/1/80 444 7,9 50,4 36,8 32,6 2,9 8,0 18,0 177,3 114,0 4,0
12/2/80 443 7,2 52,9 33,0 33,0 2,8 7,9 16,6 165,9 125,8 5,1
27/2/80 466 7,5 57,4 37,8 35,4 3,1 0,0 17,2 183,6 127,4 4,1
- 10/3/80 462 7,8 54,1 35,8 33,2 2,4 6,8 16,2 178,6 132,5 2,8
16/4/80 471 7,2 59,3 33,6 35,5 3,0 7,0 18,3 181,6 128,2 4,3
5/5/80 498 7,2 59,2 36,4 38,0 2,7 7,6 21,3 194,8 135,1 3,0
22/5/80 463 7,8 63,8 35,4 22,7 2,8 7,3 20,0 154,3 150,6 5,6
11/6/80 445 7,6 56,4 34,2 32,6 2,8 7,4 16,5 153,7 136,1 4,8
21/7/80 462 7,6 57,2 35,0 31,1 3,3 6,8 17,5 164,0 144,1 3,1
22/8/80 482 7,2 59,6 36,4 40,1 3,7 6,9 19,6 181,1 127,9 6,2
17/9/80 493 7,4 60,4 36,1 38,8 3,4 6,7 18,9 200,1 123,9 5,1
A'v;gra ge 465 . 178
CaZ Mg > Na 50, > HCO5 > C1
Sampling Point H Dividing box mixed
29/11/79 616 7,7 99,3 31,3 40,5 3,7 5,7 16,6 334,5 81,4 2,5
18/1/80 665 7,2 99,1 39,6 45,0 4,3 7,7 23,2 346,9 94,3 5,1
29/1/80 669 7,7 101,8 37,2 40,4 4,6 6,6 21,7 373,4 79,5 4,0
12/2/80 663 6,9 100,0 38,2 46,0 4,1 6,8 18,6 361,8 85,6 2,2
27/2/80 879 7,0 156,8 43,4 53,3 5,6 0,0 26,3 535,4 53,5 4,6
10/3/80 666 7,2 91,9 36,8 43,6 3,1 6,4 18,2 374,7 89,0 2,7
16/4/80 645 7,0 97,1 36,2 47,2 3,8 6,3 19,7 337,0 93,8 3,9
5/5/80 669 6,7 92,7 39,4 49,6 3,2 7,0 20,2 357,4 96,3 3,2
22/5/80 597 7,5 91,8 37,7 41,9 3,0 7,2 18,0 278,5 112,7 4,9
11/6/80 597 7,4 93,2 37,1 43,3 3,4 7,7 118;5 282,8 106,2 4,8
21/7/80 582 7,2 87,5 37,3 41,5 3,6 7,0 20,2 260,9 119,3 4,2
21/8/80 612 7,1 92,9 38,3 46,7 4,6 7,1 21,9 285,9 110,1 55
17/9/80 599 6,9 83,0 37,4 46,4 4,2 6,8 21,1 285,4 111,2 3,6
Average 651 340
Ca> Mg > Na SO4> HCOB.‘:- Cl
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Sampling Point J C2M57

Ca > Mg > Na

804 > HC03 > Cl

29/11/79 631 7,7 99,9 31,3 46,7 3,9 5,7 18,6 341,3 80,9 2,9
18/1/80 655 7,1 98,8 33,0 '45,0 4,3 7,5 22,3 339,6 94,2 4,2
29/1/80 660 7,8 101,8 38,8 40,4 4,6 6,5 21,2 36l,4 81,6 3,7
12/2/80 641 7,0 100,3 37,4 43,6 4,0 6,8 18,3 336,9 90,0 3,8
22/2/80 822 7,0 142,3 40,1 50,7 5,3 0,0 24,7 490,7 63,5 4,3
'10/3/80 631 7,5 88,7 36,5 42,3 3;L 6;5 18,2 339,0 94,0 2,6
16/4/80 659 7,1 99,7 36,7 49,6 3,9 6,5 20,9 343,6 94,3 3,8
5/5/80 603 7,2 82,4 37,9 45,5 2,9 7,3 18,5 290,3 114,8 3,0
22/5/80 552 7,4 85,6 36,4 38,3 3,2 7,2 16,7 241,1 118,8 5,0
11/6/80 609 7,4 94,1 35,6 43,2 3,5 7,3 20,7 293,7 105,2 5,2
21/7/80 560 7,3 79,3 37,0 35,8 3,3 70 14,1 244,3 129,2 3,5
22/8/80 594 7,0 88,5 38,3 47,3 4,2 7,1 20,8 27143 110,3 5,7
17/9/80 589 7,3 79,5 37,8 46,4 4,1 6,9 21,3 279,8 108,2 4,8
A;;rage 631 321
Ca > Mg > Na 804>HCO3>CI
Sampling Point K C2M32

29/11/79  A30 7,7 102,2 32,2 45,0 3,9 6,2 18;0 336,7 83,0 2,8
18/1/80 656 7,2 100,7 39,1 44,7 4,1 7,3 2b,6 339,0 94,2 4,0
29/1/80 667 7,8 101,2 38,9 41,2 4,6 6,5 21,3 370,4 79,4 3,7
12/2/80 695 7,0 102,6 38,8 45,1 3,7 6,8 17,2 397,5 78,8 4,1
27/2/80 856 7,0 149,6 42,9 52,0 5,5 0,0 24,2 519,4 58,0 4,7
10/3/80 634 7,3 86,9 36,5 42,9 3,0 6,4 17,6 348,9 88,7 2,6
16/4/80 667 7,0 102,5 38,7 52,3 4,3 6,2 20,2 347,4 9y 3= 346
5/5/80 611 7,2 82,4 38,2 46,4 3,0 7,3 19,3 300,9 110,0 3,1
22/5/80 563 7,6 89,5 36,1 38,9 3,0 7,2 16,6 251,7 115,8 4,5
11/6/80 608 7,4 91,5 35,9 43,2 3,5 7,3 N9 298,0 104,1 5,0
21/7/80 580 7,3 83,7 37,7 38,8 3,4 7,1 20,2 258,9 126,8 3,5
22/8/80 608 7,1 93,7 38,6 48,0 4,6 7,1 21,2 281,6 107,3 5,6
17/9/80 5% 7,3 82,2 37,1 47,2 3,8 7,0 20,6 286,1 108,0 4,4
Average 644 334
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Sampling Point L C2M44

Ca > Mg >'Na

504 > HCOB > Cl

27/2/80 511 7,4 62,9 40,4 40,6 2,6 0,0 16,7 238,5 104,6 4,2
10/3/80 386 8,0 43,1 30,7 26,2 2,1 6,5 13,5 128,4 133,8 1,6
16/4/80- 435 7,2 55,6 33,1 29,4 2,4 7,1 16,2 148,7 139,1 3,4
5/5/80 470 7,7 59,7 36,4 37,7 3,1 7,5 17,6 170,2 135,1 3,0
22/5/80 4% 7,3 69,5 36,1 36,6 2,9 7,2 15,7 202,3 119,9 5,6
1176/80 516 7,2 65,2 35,6 45,8 2,8 7,1 17,1 240,7 95,4 6,3
22/7/80 526 7,3 66,8 37,7 36,2 2,0 6,9 15,9 240,1 117,4 2,9
21/8/80 496 7,1 62,0 36,7 42,7 3,2 7,0 17,3 200,1 121,1 5,9
17/9/80 533 7,1 67,0 38,8 40,8 2,7 6,6 17,5 255,7 97,8 5,9
Average 485 203
Ca> Mg > Na (7) 80, > HCOy > C1 B
Mg > Ca > Na (2)

T Sampling Point M, inflow to Nature Reserve

18/1/80 635 7,3 95,3 36,9 43,5 4,0 7,5 22,8 324,9 95,2 4,5
29/1/80 687 7,7 105,5 38,1 40,8 4,9 6,3 22,7 388,4 76,0 4,0
12/2/80 642 7,0 100,4 38,5 40,1 4,0 6,8 19,0 336,6 92,1 4,0
27/2/80 793 7,2 137,5 42,7 45,2 5,1 0,0 27,8 462,8 67,9 4,3
10/3/80 630 7,6 87,7 37,2 39,6 2,9 6,5 18,1 343,9 91,9 2,3
16/4/80 644 7,0 99,4 36,9 45,8 3,3 6,2 18,5 331,9 98,5 3,4
5/5/80 597 7,3 83,9 38,0 44,1 2,9 7,2 18,8 288,9 110,9 2,5
22/5/80 601 7,4 83,9 37,6 40,1 3,1 7,1 38,3 276,4 110,0 4,4
11/6/80 610 7,3 91,5 36,1 46,7 3,8 7,2 20,0 294,2 105,2 5,1
22/7/80 565 7,2 82,3 37,0 37,5 3,2 6,8 19,1 248,3 127,3 3,1
22/8/80 588 7,0 89,8 38,0 45,3 4,2 6,9 20,1 267,3 110,9 5,9
17/9/80 606 6,9 86,1 37,7 47,2 4,2 6,6 20,9 288,4 110,9 3,8
Average 633 321
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Sampling Point N Outflow from Nature Reserve

18/1/80 572 7,5 73,4 39,5 45,0 4,0 6,7 21,9 344,5 35,4 1,5
29/1/80 667 8,8 90,5 40,5 47,9 5,1 5,7 25,3 421,2 28,4 2,4
12/2/80 - 678 7,2 98,1 36,9 44,8 4,6 6,0 17,2 429,7 38,8 1,5
27/2/80 695 7,3 109,7 40,6 47,6 4,9 0,0 25,9 430,7 33,0 2,4
10/3/80 665 7,2 88,6 37,5 46,2 4,2 5,3 20,8 416,3 44,6 1,9
16/5/80 665 6,8 101,5 37,3 47,2 3,8 5,6 20,2 385,2 62,2 2,3
5/5/80 596 7,1 76,3 37,4 47,0 3,7 6,1 20,0 320,0 82,9 2,3
22/5/80 621 7,3 90,3 37,1 45,6 3,6 4,7 25,1 331,2 80,9 2,4
11/6/80 518 7,4 74,6 36,0 42,0 3,5 5,3 30,4 214,6 108,8 3,0
22/7/80 542 7,1 75,8 38,0 43,5 4,2 4,9 20,7 273,0 78,3 3,2
22/8/80 539 6,9 71,7 38,6 46,0 4,1 5,3 20,5 265,0 85,3 2,1
17/9/80 545 7,2 68,2 39,1 43,6 4,2 5,0 20,3 263,45 100,4 1,1

609 341
Ca > Mg > Na 504> HCO3>(:1

Sampling Point O Tarred Road Inflow to Welverdiend Dam

18/1/80 584 7,0 78,5 39,8 44,7 4,1 6,1 24,0 350,5 35,3 1,0
29/1/80 648 7,7 87,2 39,1 46,5 5,1 5,2 24,5 409,3 29,5 2,0
12/2/80 639 7,3 93,1 37,4 44,2 4,3 5,8 14,4 391,3 47,7 1,0
10/3/80 672 7,5 93,9 38,1 45,5 4,1 4,6 21:3 422,1 41,5 1,2
16/4/80 626 6,7 89,8 36,5 44,9 3,7 4,9 19,7 359,54 65,3 1,6
5/5/80 593 7,1 77,3 38,0 47,0 3,5 5,4 20,0 320,4 78,8 2,1
22/5/80 639 7,0 90,4 40,2 50,5 3,6 4,2 20,3 345,0 82,0 2.7
11/6/80 529 7,4 73,3 36,0 42,0 3,4 3,9 19,5 264,8 83,6 2,4
22/7/80 545 6,9 74,9 38,3 42,8 4,6 4,3 21,3 272,7 82,8 3,5
22/8/80 539 6,8 71,7 38,9 46,0 4,1 4,2 21,5 265,4 85,2 2,2
17/9/80 551 6,9 65,4 36,3 45,0 4,8 2,9 ,21,4 283,1 92,1 0,1

Average 597 " : 335
Ca > Mg > Na 504>}1003>Cl




Sampling Point P Railway Brdg.

Inflow to Welverdiend Dam

Na > Ca > Mg (3)

27/2/80 985 6,8 131,57 42,5 122,2 8,9 0,0 157,8 460,0 57,5 4,6
10/3/80 657 8,3 89,3 37,5 44,8 3,9 4,6 21,2 412,8 41,5 1,2
16/4/80 - 632 6,7 92,7 36,5 45,5 3,7 4,7 19,7 360,0 67,5 1,7
5/5/80 592 7,3 77,3 38,6 47,0 3,6 5,3 21,3 320,8 75,7 2,0
22/5/80 605 7,6 78,9 39,7 49,9 3,5 3,9 20,9 341,2 64,5 2.8
. 11/6/80 516 7,8 71,2 36,6 44,8 3,7 3,7 20,5 231,4 100,2 3,7
22/7/80 546 7,0 76,1 38,0 43,5 4,3 2,9 21,3 276,3 79,7 3,5
22/8/80 547 8,6 68,7 35,8 43,5 4,1 0,0 22,7 285,7 84,8 1,4
17/9/80 519 7,1 60,4 35,3 45,0 4,1 1,1 21,2 282,0 68,0 1,7
622 330
Ca > Mg > Na 50, > HCO4 > C1 B
- Sampling Point Q C2M60 Inflow to Welverdiend Dam, Group II’' mines
18/1/80 1325 6,2 152,8 62,0 166,0 13,9 11,4 123,1 763,8 17,3 14,2
29/1/80 1013 7,4 123,5 34,9 129,1 15,2 8,3 121,7 498,2 73,6 8,1
12/2/80 1213 6,6 163,6 39,3 161,2 17,4 9,0 112,2 646,8 53,3 9,7
27/2/80 991 6,7 124,3 42,1 132,8 10,8 0,0 102,9 521,6 46,4 9,7
10/3/80 855 6,7 106,8 28,1 114,6 13,5 7,8 93,3 420,7 59,3 10,9
16/4 /80 924 6,5 116,9 30,7 133,4 14,4 7,4 100,0 447,7 63,5 10,4
5/5/80 1075 6,3 113,5 34,4 168,4 14,3 7,9 152,3 504,1 85,8 14,3
22/5/80 1044 6,5 140,8 43,5 134,3 13,1 9,0 107,3 541,8 38,4 15,6
11/6/80 2030 6,4 273,6 92,9 325,6 15,8 7,3 839,4 429,9 29,7 15,3
22/7/80 1162 6,7 165,1 32,1 168,2 16,3 5,8 127,2 554,9 74,0 17,9
22/8/80 1238 6,6 150,1 44,1 184,0 15,8 6,2 251,8 517,4 52,0 16,8
17/9/80 1368 5,3 154,1 55,9 168,2 13,8 9,4 119,5 835,4 0,3 11,2
Average 1187 ~p e 557
Ca > Na > Mg (9) 504 > Cl> HCO3
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Sampling Point R C2M69 Outflow from Welverdiend Dam

11/12/79 1035 6,7 147,1 41,1 113,512,7 6,6 89,4 586,4 27,8 9,9
18/1/80 1052 6,1 136,2 39,6 127,3 15,2 8,3 113,7 566,9 32,8 1272
29/1/80 543 6,8 f17,3 36,5 98,1 14,1 6,5 77,0 148,8 39,0 5,7
12/2/80 1011 6,4 140,7 39,6 121,2 12,7 8,1 91,2 558,6 30,0 9,1
27/2/80 745 7,2 117,0 39,7 48,0 4,6 0,0 53,4 435,4 45,2 1,7
10/3/80 796 6,4 93,5 32,3 98,8 11,2 6,6 75,8 432,2 36,3 9,2
16/4/80 825 6,6 105,9 38,7 93,4 7,1 5,4 98,9 409,1 61,6 4,6
5/5/80 830 6,5 86,9 32,9 125,1 8,6 5,9 72,7 418,2 71,5 8,1
22/5/80 839 6,5 115,7 41,2 91,1 8,4 6,6 78,1 438,4 50,1 9,7
11/6/80 925 6,8 122,8 45,5 127,8 7,7 5,0 203,8 344,0 61,2 6,9
22/7/80 1031 6,7 134,4 41,0 143,0 12,2 5,1 145,5 471,3 67,0 11,6
22/8/80 987 6,6 121,1 37,2 134,4 13,7 6,3 124,5 482,3 51,1 16,5
17/9/80 1437 5,5 158,6 56,6 188,5 14,0 8,9 241,6 762,8 0,0 5,9
Average 927 - 4%6
Ca > Na > Mg S0 Cl > HCC}3

Gerhardminnebron Spring

6/69 395 8,1 55,0 25,0 8,0 - - 11,0 3,0 293,0 0,0
11/69 354 8,4 44,0 29,0 20,0 - - 11,0 10,0 240,60 0,0
5/71 261 8,0 42,0 23,0 25,0 - - 14,0 29,0 244,0 0,0
7/71 256 8,1 48,0 33,0 4,0 - - 18 24,0 258,0 0,0
10/71 243 8,4 40,5 27,7 10,3 - - ' 5,7 33,2 250,2 -

6/77 394 7,7 50,9 31,5 7,2 1,0 6,7 12,5 38,5 244,1 8,0
1/79 403 7,8 52,6 31,0 7,8 0,5 7,7 8,0 49,1 237,7 8,7

18/1/79 369 7,5 53,3 33,0 8,2 0,8 9,3 10,9 52,3 198,3 3,0
29/1/80 368 7,7 51,5 31,8 7,9 0,8 9,3 9,3 51,3 203,9 2,2
12/2/80 365 7,6 53,8 33,5 7,5 0,9 9,2 18,3 40,8 198,9 1,9
10/3/80 359 7,7 52,1 32,0 8,1 0,9 7,9 8,2 50,7 196,9 2,1
l6/4/80 366 7,6 55,2 31,9 7,7 0,7 8,0. 7,1 49,2 ib3,9 2,2
5/5/80 363 1,5 53,8 3 87 0.0 8,3 8,1 49,1 199,8 2,5
22/5/80 373 7,5 55,8 28,1 8,1 1,2 8,1 8,4 59,5 201,7 2,2
11/6/80 351 7,7 49,3 30,7 8,3 1,0 8,4 7,0 48,3 195.8 2,5
22/7/80 364 7,8 54,4 33,0 8,0 0,9 7,9 7,9 47,1 202,6 2,2
22/8/80 365 7,9 52,1 31,7 7,6 0,9 7,7 8,5 52,4 202,1 2,3
18/9/80 364 7,7 55,0 33,2 10,1 6,9 7,8 7,8 51,8 195,2 1,7
Average 364 50,2

CaZ Mg > Na HCO, > 50, > C1
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Turffontein Spring

6/69
11/69
5/71
7/71
10/71
6/77
1/79
18/1/80
29/1/80
12/2/80
10/3/80
16/4/80
5/5/80
22/5/80
1r76/80
22/7/80
22/8/80
17/9/80

Average

585
594
416
397
417
583
605
529
532
520
526
527
525
527
507
514
526
523

523

7,8
8,3
8,3
8,0
8,1
7,7
7,7
7,5
7,4
7,6
7,5
7,5
7,4
7,4
7,7
7,8
7,9
7,6

I

Ca

67,0
68,0
55,0
64,0
57,2
72,0
73,4
71,1
69,3
72,8
70,1
vy
70,3
75,4
64,4
73,2
70,4
71,7

Mg > Na

50,0
50,0
39,0
40,0
36,5
40,3
42,7
42,1
43,9
41,1
41,1
40,8
41,1
37,1
39,2
42,7
40,7
42,4

21,0
31,0
24,0
22,0
43,3
36,2
30,1
26,3
25,9
26,7
26,7
27,0
27,5
26,3
27,6
26,2
26,9
27,3

HC03

1,5
1,1
1.8
1,3
1,4
1,3
1,1
1,5
1,2
1,4
1,3
1,4
1,2

e
= 350,>Cl

6,7
8,4
9,6
9,5
9,6
8,4
8,2
8,7
8,4
8,6
8,4
8,1
8,2

53
99,0
36,0
36,0
23,7
33,3
25,6
22,7
24,4
23,7
22,2
21,1
24,3
21,1
22,0
22,4
22,7
22,9

r

115,0
87,0
134,0
98,0
123,2
147,1
156,9
148,9
147,5
138,9
154, 4
148,7
145,6
149,6
144,2
133,7
150,3
151,6

146,6

275,0
259,0
250,0
256,0
266,7
240,9
256,6
202,0
207,6
201,4
199,6
204,8
204,5
205,3
196,6
203,8
203,2
196,2
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Higher salinity is observed at point D, the end of the 1 m pipe
where TDS = 839 mg/1, 50, = 500 mg/l, Ca > Mg > Na and
50, > HCO4 >-Cl.

At the outlet from the dividing box at point H, TDS = 651 mg/1,

S0, = 340 mg/l, Ca> Mg > Na and 50, > HCO5 > CI.

Water entering the eastern boundary of Turffontein Area is
monitored at three points J, K and L. At sémpling point J
(C2M57), IDS = 631 mg/1, SOQ = 321 mg/1, Ca > Mg > Na,
504 > HCO5 > Cl. At  sampling point K, TDS = 644 mg/1,
50, = 334 mg/l, Ca > Mg > Na and 50, = HCO3 > Cl. At
sampling point L, water with low TDS concentration come from
Venterspost: TDS = 485 mg/1, 50, =203 mg/l, Ca = Mg > Na,

804 > HCOB > Cl.

Water monitored from the eastern boundary down to Welverdiend

Dam at points M, N, 0, P does not shqw any marked difference or
/

increase in TDS concentration. Samp,iing point M at the inflow

to the Carletonville Nature Reserve TDS = 633 mg/1,

S0, = 321 mg/1, Ca > Mg > Na, s0, > HCOy > Cl. At

sampling point N, outflow of the same water TDS = 609 mg/1,

SO4 = 341 mg/1, Ca > Mg > Na, 50, > HCO5 > CIl. At

sampling point 0, TDS =:597 mg/1, 504 = 335 mg/1,
Ca > Mg > Na, 504 > HCO4 > Cl. At sampling point P, the

inlet to Welverdiend Dam, TDS = 622 mg/1, 504 = 330 mg/1,

Ca > Mg > Na, 50, > HCO,> Cl.

3
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Much more concentrated water is encountered where Group II mines

water 1is being monitored, before the entrance to Welverdiend

Dam, at -sampling point Q. Here TDS = 1187 mg/1,
SO4 = 557 mg/l and there is a significant ion ratio
combination with Ca= Na > Mg and SO4> Cl> HCOB.

Water sampled at the outlet of Welverdiend Dam, point R, is a

mixture of point Q water and points P, O, N water. This

4

while the ion ratios are Ca > Na > Mg and 304"; cl > HCOB-

reflects itself in the TDS = 927 mg/l, and S0 = 446 mg/1,

As already mentioned before, groundwaters in this area have been

affected by contamination, and this may be noticed when analyses

from the two springs are inspected. At Gerhardminnebron
TDS = 364 mg/1, 50, = 50,2 mg/1, Ca = Mg > HNa,
HC03:> s0, > Cl. At Turffontein IDS = 523 mg/1,
80, = 147 mg/l, Ca= Mg Na, HCO, = 80, ,> C1.

r
i

/
From the above-described chemistry of the water it may be
concluded that the salinity of the effluents from Group I mines
has increased substantiously compared to previous data
(Fig. 9.8). Although regular monitoring covers a short period
of less than one year, it is assumed that the increase of
salinity has started earlier, namely, 'with the interception of
Donaldson Dam water which began in September 1977. Thus the
relativeaamounts of effluents delivered by the 1 m pipe have an

important impact on the total salinity of water spread over the

Turffontein Area.
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Likewise, water temporarily stored in Welverdiend Dam, and the
outflow from this dam become rather concentrated due to the

influx of Groqp I1 mine effluents.

Suggested model of groundwater contamination

The aquifer in the studied area may be conceived as a reservoir
into which near-comstant amounts of contaminating effluents are
recharged. Only part of the added salinity drains from the
system in the course of each successive discharge event. The
remaining salinity tends to accumulate and ipcrease the

concentration in the aquifer body. A model is thus postulated,

to explain the observed data, and which may, after establishment

of a proper monitoring system, be employed to:

(a) calculate the total storage in the aquifer, and

(b) Predict salinity development in the aquifer.

r
'

{

'

In the model, the aquifer will be viewed as a single compartment
in which the contaminant has a uniform concentration which is
detected in the outflow at springs. Any contaminant added to

the aquifer will thus be assumed to mix instantly with the

existing water. I




e
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At some initial time t, it will be assumed that the aquifer

G

has a storage VO, and that the concentration of contaminant in
the aquifer is Co' At a later time t, it is supposed that the
storage in the aquifer is V(t), and the concentration of the

contaminant is C(t). Then the storage of the aquifer will be

governed by the following balance equation:

Rate of change of volume in aquifer = inflow - outflow, i.e.

& - Y B - ' 1)

where QI (t) denotes the recharge of the aquifer at time t and
Q,(t) the spring flow at time t. Similarly, the -conecentration

in the aquifer will be governed by a mass balance equation:

Rate of change of mass in aquifer

= Mass flowing in - Mass flowing out, or,

e (V) = Cp (6) Qp (8) - C(e) Q(e), (2)

r

where CI (t) denotes the concentration of the contaminant in
the recharge water. It is assumed hére that the concentration
CI is averaged over all the rechafges taking place to the
aquifer. Note that the concentration C(t) of the outflow is
assumed to be identical to that of the aquifer. Fig. 9.12 gives
a schematic outline of the suggested model.

:l[

DICI k3

Fig. 9.12




Subject to the initial condition V(t y =V
o

0. 8quation (1) is

solved as

' . t
V(e) =V, 4+ f{(ﬁ(s) - (o)} s (3)
to - )

Equation (2) is solvable, only if V(t) > 0 for all t> to, that
is to say only if the storage of the aquifer is never equal to
zero, i.e. the aquifer is dry. In this case one derives,
subject to the initiallcondition C(to) =C

o'

t t t -

Q (s) - € (s) Q (s) Q () )
c(t) = CO exp = = dst + vs) expq = _VT?S_dr ds (4)
. 2 & S

to to

Equations (3) and (4), in the above model, describe the storage

and concentration of contaminant in the aquifer at any time t.

To give some physical meaning to equatipns (3) and (4), note that

Vv(t) = Vo for all t > to

if, and only if

Q) = Q({t) Ebr all £ 5 to

In other words, the storage in the aquifer is only constant if,

and only if, the outflow matches the recharge at all times.




[SE]

Consider now the special case where at all times the inflow is

—_—

equal to the outflow and constant, i.e. Qr(t) = Qoﬁt) = Q
for all t and therefore V(c) = Vo for all t. Suppose further

that the initial concentration C0 = 0, and contaminant is
added at a constant rate CI(t) = Ci for all times t. As

explained above, this appears to be roughly the case in the

investigated springs. In this case (4) reduces to

t -t
c(t) = C.[ 1 - exp{-Q(—D-—-—)}]for all £t >t (5)
§ 4 . VO (8] .

The concentration in the above situation is given in Fig. 9.13.
Note that at all times the concentration in the aquifer is

increasing and tending to, but never actually reaching, the

concentration of the source.

C
A
c /
c 1
o
o
EX}
m
o
e}
cC
o
(8]
5
N
5] z 5 ‘ S Z =
c Time

Fig. 9.13
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The preceeding simplification allows one to obtain a value of
the storage VO of the aquifer. Supposing the concentration
C(t) of the contaminant in the spring has been measured together
with the outflow of ‘the spring Q. Then, plotting t versus

Ci = C(t) on a logarithmic scale, one derives from (5).

£t = to - Vo log 10 - log C, = C(t) See Fig. 9.14
—_— e 10 "1
Q
&
o
—
m
(8]
m
o At )
42
)
E
s
t
o C. - c(t) o~
& log scale 1
Fig. 9.14

Thus from the slope of this line one can derive the storage of

the aquifer

!
!

At
Aloglo (C - c(t)

VO = = ( log10 e

and the time at which contamination began by the intercept where
C(t) =0 (or C - C(t) = Ci).

It is most regretful that continuous?mqnitoring of effluents and
spring waters did not accompany the spreading of water over the
Turffontein Area during the peried prior to 1979. In the
absence of the necessary data, a certain measure of uncertainity
remains concerning the interpretation of the mechanism of the

aquifer.
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Several older water analyses stored in the data  bank of the
Department of Water Affairs are presented in Table 9.2 and 9.3,
and the sulph;Ee content versus time at Gerhardminnebron Spring
is shown in Fig. 9.15. Two different curves denoting an
increase in salinity may be observed in Fig. 9.15. During the
first period, 6/1969-10/1971, the sulphate content rose from 3
to 33 mg/l, while during the second period, 6/1977-1/1979, the
sulphate increased from 38 to 49 mg/l. Apparently some decrease
in salinity might have taken place as well between these two
periods, namely during the interval 1973-1976, for which no

measurements are at hand.

In Fig. 9.16, the storage in the aquifer has been calculated
according to the above suggested model. The two periods
1965-1971 and 1977-1979, were treated independently. The
storage values arrived at are 33,5 x 106m3 and

29,4 x 106m3 respectively. These calculations refer only to

that part of the aquifer which is involvéd in the mixing process.

The salinity at the outflow is assumed to have stabilized around
50 mg/1 sulphate concentration. Equilibrium has therefore
probably been reached, and the outflow concentration may-reflect
the mixture ratio of uncontaminated recharge water to recharge
from effluent sources. The concehtration of the percolating
efflqents is expected to be somewhat higher than 180 mg/1 SO4

(Group I mine effluents before the construction of the 1 m

pipe), due to the fact that some water of Group II effluents
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e

TIME SCALE MONTH

Calculation of storage water invalved in
mixing at Gerhardminnebron, Spring

IO/
T
1
e n/1363)
= B1b5
[=]
| I [~
=t L
=l
Sl 11979
8
/s RN
35 =18
10 61977
25 | n"‘:-f"n:
W0
15 5
0 ! P~
5 =Y
o 1 ? 3 L 5878910 70 30 <0 S0GOTO !
T
Vo=Qxl0Got — Al !
ALOGw (Cr-Cim) {
i
PERIOD 1877/1879 PERIOD 1969 /19N
pale  Cm Ci-Cm oatle Cim Ci-Cm
671977 385 ns 6/1968 2 37
171978 49 El 11/1959 10 30
shsn 2 n
Vo =2,36 x 10813 0,23x 22
1 1018971 33 7

Vo= 29,0x105m7
wHERE C1=52 MG/L
Q =2,350005m% fMONTH

Vo= 186 x 003 x0 axil

Vo =335 x106043
WHERE ()= 40MG/L
Q=1,86x308u37MoNTH

Fig. 9.16
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also finds its way to Gerhardminnebron Spring. If,~for the sake
of argument the average concentration of the effluents is taken
as 200 mg/l §04, this would mean that some 25% of the total
recharge comes from this source, equal to about

7 x 106m3/year.

Data from Turiffontein Spring (Tables 9.2 and 9.3) do not allow
any calculation of storage. On the other hand, as it appears
that the salinity is more or less constant, one would like to
find the relative proportion between uncontaminated recharge
water and effluents. The difficulty lies with the fact that it
is not clear what average salinity contributes to Turffontein
Spring system. The average concentration of the contaminant
should be between 180 mg/1 sulphate as encountered in effluents
from Group I mines, and 557 mg/l, which is the concentration of
effluents from Group II mines. Salinity of 180 mg/l cannot be
accepted, as this would mean that all frhe water at Turffontein
Spring consists of effluents. On the;other hand, if the more
concentrated effluents are the sole contributors, it would
indicate that 27% of the springwater consists of effluents.
Because of the relative quantities involved, it is obvious that
the sulphate concentration must be considerably - lewer than
557 mg/l. It may thus be concluded that the relative proportion
of the effluents is much higher than: 23%, a minimum of 33% may
not be far-fetched if one compares the sulphate sglinity of
sampling point R (466 mg/l), with 147 mg/1, t;e salinity at the

spring.
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Discussion B -

The increase "in salinity at Gerhardminnebron Spring which in
each case later seem to stabilize, could in all cases be
attributed to a phase of increased input salinity. It has
already been noted that since the end of 1977, the input
effluents of Group I mines have become more concentrated
(sampling points J, K, L, M, N, 0, P), a fact which ecould
account for the later phase observed in Fig. 9.15. The tracing
of a similar change in input during 1969-1971 is however more
complicated. During the first part of the dewatering episode at
West Driefontein Mine, vigorous pumping was carried out to
overcome the wunderground flooding, and enormous volumes of
highly contaminated water were diverted into the river (W.L.
Cousens, personal communication). No figures are available
concerning quantity and quality. Except for this event, the
composition of the effluents prior to 1977 was very much the
same as what is presently observed at ?ampling point G. In both
episodes described, it is doubtfull whether the pulse of
excessively contaminated water could, in actual fact, reach the

spring at such a high rate of progress.

An additional simultaneously operating factor to explain the
observed facts would be a chéng{ﬁg head of groundwater

upstream. It emerges from Fig. 9.5, 9.6, 9.7 and 10.5 that the

discharge at the springs reacts nearly instantaneously to
changes of groundwater levels. One is therefore inclined to
relate the increase in salinity at the outlet with a change of

head upstream.
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An extensive body of contaminated groundwaters "underlies the
river zonme as is demonstrated by the sulphate content of
boreholes sampled in this sector (Folder 9.1). This body of
contaminated water has been accumulating constantly through the
percolation of effluents. Due to the rise of groundwater
levels, a steeper gradient is created and consequently bigger
amounts of groundwater flow towards the spring. Quantitatively,
most of the groundwater supplying the spring system comes from
the direction of the river; and because this body of water is
contaminated, a rise of salinity in the spring,- from a steady
threshold concentration, may be related to the incFeaie of the
hydraulic gradient. Fig. 9.17 - outlines this concept
schematically. Uncontaminated groundwater, north of the river,
pushes the contaminated body towards the spring. The aquifer is
confined in places only and replenishment into the aquifer takes

place all over the outcrops, so that the contaminated water body

T

thus becomes diluted while moving downstream towards the

outlet. Dilution is further achieved through mixing with

r
i

{
groundwater from the southern sector of the area.

The above explanations wmay present serious limitations

concerning the application of the suggested model. It seems

that the basic condition which requires recharge discharge
constant for a series of time periddg'may not strictly be the

case.
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MAP SHOWING INFERRED GROUNDWATER FLOW PATTERN
AND THE AREAL EXTENSION OF THE CONTAMINATED
GROUNDWATER BODY
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ARTIFICIAL RECHARGE
BY MINE EFFLUENTS

CONTAMINATED
GROUNDWATER _BODY

SCHEMATIC GEDHYDROLOGIC CROSS SECTION EXPLAINING THE
INCREASE OF SALINITY AT GERHARDMINKEBRUN SPRING
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Conclusions T e om

Effluents from gold mines were shown to recharge artificially
the aquifer, and at the same time cause contamination of the
groundwater. Some proof 1is avallable that the rate of
artificial recharge i1s related to the flow volumes of the

effluents (section 9.5).

The sulphate content in groundwater and springs has been used as
a reliable parameter to indicate quantitavely the ranges of
contamination. It emerges from this study that Gerhardminnebron
and Turffontein areas seem to represent two separate spring
systems, yet each system is being contaminated by two sources of
effluents. The contaminating sources from Group I and Group II
mines differ in concentration and also in composition. It is
also uotéd that the concentration of effluents from Group I
mines increased since 9/1977 due to additional quantities of

more concentrated waters from Donaldson Dam. An increase of
!

inflow salinity C. to the aquifer may thus be anticipated.

I
Judging by the proportion of effluents to uncontaminated aquifer
water, assumingl¥ in equilibrium in the spring systems, it is
evident that percolation through the central sector =zlong the
Wonderfontein River is very high.~ 'The total recharge in this
sector is expected to be even higher if natural rain and run-off
rechargé is added. Similar conditions were noticed in

Venterspost and Bank Compartments (see parts 7 and 8).
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One of the consequences due to quality deterioration of the
water in areas under investigation can already be traced at
Boskop Dam. “rable 9.4 includes the results of water analyses
from Boskop Dam stored at the Data Bank of the Department of
Water Affairs. Boskop Dam serves as a collector of water of the
Mooi River, and all surface and spring water leaving Turffontein
Area. 1In spite of the irregular occassional nature of sampling
at Boskop Dam during the last decade, two periods 1971-1972 and
1978-1979, during which a distinct higher salinity prevailed,
can be noticed. These periods may be correlated with the
outflows from Turffontein Area as monitored at Gauging Station
C2M69 (Fig. 9.1). Obviously the routine flow of contaminated
water into Boskop Dam would have an impact on the quality of the
water stored in the dam, a factor to be. considered - in water

planning of this area.




TABLE 9.4;:

Chemical analyses of water frowm Boskop

Dam

in milligrams per litre

Date Depth/m TDS pH Ca Mg Na K 51 Cl SDQ HCO4 N0,
28.6.68 0,0 448 8,2 44,0 37,0 18,0 - - 14,0 24,0 311,0 0,0
28.6.68 7,5 448 8,1 44,0 37,0 18,0 - - 14,0 24,0 311,0 0,0
17.9.58 7,0 472 7,3 44,0 39,0 23,0 - - 14,0 350  317,0 0,0
17.9.68 0,0 420 7,8 44,0 39,0 18,0 - - 14,0 0,0 305,0 0,0
6.11.68 5,0 424 8,0 38,0 35,0 21,0 - - 14,0 29,0 287,0 0,0
6.11.68 0,0- 437 8,3 38,0 37,0 23,0 - 14,0 38,0 287,0 0,0
6.3.6Y 3,5 359 8,4 32,0 41,0 0,0 - - 18,0 0,0 268,0 0,0
6.3.69 0,0 358 8,2 32,0 40,0 1,0 - - 14,0 9,0 262,0 0,0
6.3.69 6,0 390 8,4 30,0 42,0 9,0 - - 14,0 27,0 268,0 0,0
8.7.69 14,0 410 8,4 42,0 38,0 9,0 - -~ 18,0 29,0 274,0 0,0
. 8.7.69 7,0 385 8,4 39,0 37,0 6,0 - - 16,0 19,0 268,0 0,0
8.7.69 0,0 414 B,2 40,0 37,0 14,0 - - 14,0 3,0 2750 0,0
-15.1.70 5,0 346 8,4 36,0 15,0 2,0 - - 11,0 25,0 237,0 0,0
15.1.70 0,0 376 8,3 32,0 35,0 16,0 - - 18,0 38,0 237,0 0,0
15.1.70 10,0 358 8,4 34,0 33,0 12,0 - - 18,0 24,0 237,0 0,0
26.1.70 6,0 433 8,5 40,0 37,0 23,0 - - 2,0 62,0 25,0 0,0
26.1.70 0,0 422 8,1 38,00 37,0 23,0 - - 28,0 58,0 238,0 0,0
26.1.70 12,0 419 7,8 40,0 37,0 4,0 - - 27,0 67,0 2440 0,0
12.1.72 11,0 360 8,2 33,0 34,0 16,0 - - 13,2 54,0 210,0 0,0
12.1.72 0,0 345 8,2 28,0 34,0 16,0 - - 13,1 55,0 199,2 0,0
12.1.72 . 5,5 345 8,3 29,0 34,0 15,0 - - 13,2 52,0 202,0 0,0
8.3.75 0,0 3% 8,6 27,6 34,0 9,7 1,2 - 3,1 33,8 220,1 0,1
B.3.75 8,0 268 9,1 14,6 32,7 9,7 1,5 - 2,9 31,6 175,3 0,1
8.3.75 13,0 285 8,9 19,5 30,8 9,2 1,6 - 3,3 30,2 19,1 0,0
12.2.76 0,0 365 7,9 39,3 32,1 10,6 1,4 - 4,0 33,1  244,0 0,0
12.2.76 5,5 35 7,8 39,1 32,0 10,6 1,3 - 4,1 32,6 245,0 0,0
12.2.76 11,0 368 7,9 39,3 32,6 10,9 1,3 - 4,0 33,3 246,0 0,0
29.3.77 21,0 45 65 3,0 2,0 2,0 2,0 3,1 2,0 14,0 19,0 0,1
4.4.77 0,0 377 1,8 36,4 30,3 15,9 2,2 4,9 6,7 26,5 ©58,5 0,3
4.4.77 5,0 383 7,7 37,7 34,7 157 2,2 4,9 6,7 27,1 1 261,3 0,3
4.4.77 12,0 406 7,7 42,0 33,0 15,5 2,1 5,7 6,1 28,8 277,46 0,6
7.11.77 0,0 404 7,7 38,0 35,6 9,6 1,8 5,2 10,1 3,0, 272,9 1,1
13.12.77 0,0 378 7,6 36,0 33,9 12,5 0,6 5,6 10,7 38,9 244,4 0,7
9.1.78 0,0 298 7,3 27,8 25,7 9,9 0,1 6,9 6,7 28,0 199,0 0,0
14.6.7B 0,0 455 7,9 57,9 33,9 14,9 1,8 6,3 9,6 71,8 262,5 2,2
B8.8.78 0,0 480 7,8 60,1 35,6 16,3 1,7 4,9 12,2 90,2 250,7 3,7
12.9.78 0,0 508 7,8 63,9 38,4 16,9 2,1 4,6 12,1 90,7 280,0 3,5
23.10.78 0,0 478 7,9 55,8 36,8 17,1 2,0 5,4 14,3 93,3 2559 2,2
27.11.78 0,0 471 7,8 57,7 38,4 16,5 1,4 5,3 11,4 86,7  266,0 0,8
3.1.79 0,0 381 7,8 39,2 31,0 4,7 1,1 6,8 3,8 2,2 258,9 0,2
10.5.79 0,0 432 8,1 49,1 37,4 15,4 1,3 6,0 12,6 65,4 248,7 1,7
19.6.79 0,0 646 7,9 50,2 39,2 16,1 1,3 6,4 13,7 73,7  249,5 2,3




213
10. AN ANALYSIS OF SPRINGS
10.1 Available data
Reference is made in this work to some of the more important
springs of the studied area, the locations of which are shown in
Fig. 2.1. Details concerning vields and observation periods are

given in Table 10.1.

TABLE 10.1: Annual discharge of springs in the studies ares

Annual discharge lobm3

Spring Observation period
Minimum Maximum

Bank €2M30 12,5 22,0 1957 - 1968

Turffontein C2M13 7,8 15,5 1912 - 1978

Gerhardminnebron C2M11 21,0 29,0 1906 -~ 1978

Maloney A2M10 11,0 22,0 | 1907 - 1978

Schoonspruit C2M64 26,0 63,3 1966 - 1978

Sub-surface drainage area is not included in Table 10.1 because
in most cases it is still vaguely defined. Montly discharge
figures for each spring are plotted on hydrographs, Fig. 10.1,
Fig. 10.2 and Folder 10.1. Discharge amounts were corrected to
represent thirty-days months. Also shown in Fig. 2.1 are former
fprings which stopped flowing in consequence of over-pumpage or
dewatering of dolomitic proundwater flooding  underground
workings of gold  mines. Two of  the spring systems,
Gerhardminnebr;n and Turffontein have recently been contaminated

by sulphatic mine effluents (see part 9).
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The annual recharge pattern SR

For most of ;Ee investigated springs no annual recession curve,
coinciding with the -dry winter season can be traced. This
characteristic feature stands out in striking contrast to
descriptions of springs in karstic carbonate terrains from
various parts of the world. The occurence of a typical
recession curve due to the alternation of distinct wet and dry
seasons often enabled researchers to develop applicable formulas
to calculate the storage of the aquife- involved with spring

systems e.g. Mero (1958), Mero (1963) and Torbarov (1976).

As previously discussed, (see Part 4), the investigated aquifer
consists of ancient remaining ‘karst systems and a "weathered
zone” of mainly fluvio-glacial deposites. Clays are abundant
and the .aquifer is often locally confined or semi-confined.
This set-up differs considerably from classical active karst

r

aquifers. i
The mechanism of replenishment
The lack of a recession curve nay only partly be explained by

the prolonged rainfall season and the lack of a short peak

rainfall period. To counter-affect the natural depletion of the
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aquifer during the dry seasons, some recharge mechanism must be
operating all through the year. Part of the natural rechqrge
into the ;quifer takes place immediately following
precipitation, this is demonstrated in Fig. 5.8 where
automatically-recorded water levels were plotted versus daily
rainfall. Comparison of daily rainfalls with the daily
discharge at two springs reveals a phase difference of four to
six months. This phenomenon could be followed due to the
introduction lately, of automatic recording. The laé can be
traced only during the wintér as base flow during summer time
cannot be effectively separated from run-off. In Figr 10.3 a
four month phase difference between a rainy episode and an
increase of the discharge at Turffontein Spring can be
observed. A rainy episode consists of a sequence of rain days.
In Fig. 10.4 the same phase differenmce amounts to six months. A
phase shift of six months is suggested when monthly discharge at
Bank Spring is compared with the monthly rainfall data in Fig.
10.1. i

It is thus concluded that the natural replenishment in the
dolomitic aquifer involves, schematically, a two-phase system:
A relatively immediate phase, and a later delayed one. Every
rain episode would affect i he aquifer storage twice, first when
direct recharge takes place and again ‘'after several months, onm
the arrival of the delayed recharge ph§se. In late summer the
direct and delayed recharge pha;es are expected to coincide. A
complete no-recharge period hardly exists, a fagt which would

account for the lack of an annual recession curve.
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As a working hypothesis immediate recharge may be conceived as
intake via fissures and fractured fault zones, while the delayed
recharge consists of rainwater slowly precolating through soil

and rock of lower permeability.

The time lag assumingly depends amongst other factors on the
thickness of the wvertical rock section between ground surface
and the groundwater level. The ratio between the areal
extension of a thick unsaturated zone and a shallow unsaturated
zone in any given compartment would affect the shape of the
discharge hydrograph which is practically a refleqtiog of the

total amount of recharge vs time.

There appears to be a rapid response of spring flow to changes
of water levels in the aquifer as noticed in Fig. 10.5 where the
discharge at Turffontein Spring is shown against a water-level
hydrograph of a borehole (SW1l) upstream. Retarded vertical

percolation probably accounts for most of the time lag.
/

It is noteworthy that in areas where artificial recharge of
effluents has lately become quantitatively significant, e.g. at

Turffontein Spring, the present records of discharge differ

markedly from previous records i.e. immediate recharge conveys
the impression of a recession during' the dry season (Folder

_10.1).
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Long-term rainfall-recharge relation

The relationship between annual natural recharge and rainfail

has been stuéied. The study concentrated on Maloney's sprinz

3

where many years continuous records of discharge are availahle.

Maloney's Spring is the only known outlet of groundwater from
the Steenkoppie Compartment. The Compartment extends over an
area of approximately 170 kmz- The spring elevation 1is
+ 1 490 m and the depth to water level is between 40 m and
80 m. In most of the Compartment the thickness of the aquifer
above spring elevation is between 1 m and 15 m. Abstraction

quantities used to be small compared to the potential but have
. . 6_3 N
increased recently to an estimated amount of 4.8 x 10 m~ per
year. No mining is being practiced in this compartment and the

aquifer 1is uncontaminated. No observation wells are available

in this compartment.

Rainfall figures were calculated as Fhe arithmetical mean of
number of stations (6 to 10) in the sfudies area, (Table 10.2).
Rainfall means were compared with annual discharges from
Maloney's Spring. Annual recharge was taken as the sum total of
the outflow between two successive minima i.e. 1 March to
28 February, and this is referred to as a hydrological year.
The corresponding meteorclogical year is 1 September to
31 Auvgust, six wmonth previous. By selecting the hydrological
year in this way emphgsis is laid on the delayed recharge, while
the immediate recharge at the beginning of each wet season is
included in the previous hydrological year's total. The annual
discharge at Lhe spring and mean rainfalls are listed in Table
10. 3. The plotting of these wvariables did not show anv

comprehensive interdependance.




223

0LL 0E9  fZf - 98¢ 98¢ 066 125 €2L - - £E9 S£9 629 - 9E/CE6T
LL9 £85 199 - 1 1% 709 11 01% 666 - - z69 ght 064 w8y SE/YEBT
0zg 169 65¢ - 9%9 94 029 - - - - SEL 689 056 14} YE/EE6T
wYS 6Ly Tiw - 169 685 91y - - - - 66% LTy 9l 79¢ €e/ze61
965 L9%  g%¢ - %95 105 LEY Sty - - Ty 11 113 Ty c1y TE/1E6T
649 715 089 - LE9 98y y0y - - - veYy LY9 L8€ 00y vEg 1€/0€61
Bag L1 ogt - gyt AT 569. - - - 06¢ 758 49 49 - 0c/6261
cc 1S9 559 - yil %L 195 She - - £19 191 BEY9 BSY - 6Z/8Z61
r4: 7] €19 9{9 - 28¢ %929 9cy 095 - - 465 Bl¢ vTL 865 - 82/LZ61
0z9 69¢ €59 - B6L 81¢ 9Ly 616G - B Y1+ %66 I8y T18 - " rw9zet
6E9 BES E££9 - 18¢ aus hy UT{ - - £Lh 685 119 L6 © - 9Z/5Z61
971 EY8 06 - t98 (44:] vL9 788 - - vL9 626 L%6 Sie ' - Sz/nE6t
9¢¢ v9%  nEY - 1Ly £65 £os %29 - - 14z (119 tEY 00E (%) YZ/€T61
688 y19 S14 - 0E!L £9¢ 269 Lg9 - - 119 £99 £1¢ Sy B6Y £Z/2261
289 L9 ony - 9% 74 B < 8ES - - 799 16S £zs gz 069 zz/1z61
i 929 999 - 10¢£ 9¢g 9z9 RZ! - - 9zt Zhe 626 £9¢ ({1 1Z/0261
009 98% €09 - 96€ £rg ¥y YEE - - z49 6LY o1s aly yZYy 0Z/616T
159 865 669 - EL9 80¢ 85¢ 659 - - - »€04 86% 94 - 61/8161
9¢? ¥98 /SO - 56 L8 »£98 - - - - £ee 4 7] 00¢ - 81/L161
L96 166 Tyt - EYS :FAS ¥00¢ - - - 809 BE9 v9% y15 - L1/9161

- BES 696 - 1439 018 i3 vzZg - - 199 009 yee :144 Y6Y 91/6T161
656 €18 601 - £56 199 wiL £09 - - - 146 618 wZl BBZ S1/4161
gay hyy  9gy - £2Y £9¢ 605 Loy - - - 16€  x9¢y L9% 1199 vT1/E161
68 €8S 995 - 6L9 LE9 Log - - - - - - St 86€ £1/Z161
89¢ EES  60S - BZS 99g 6EY 99¢ - - - - - $66 TE8 Z1/1161
98 1. (B9 - c1ig £ 168 ote - - - - - LY 009 11/0161
0ZL 185  BE9 - 849 95 165 09¢ - - - - - 899 17y 01/6061
Lzt 768 210 - 56 V174 4] 140 1 - - - z9¢ - 146 S6i 6/8061
1E9 95 zay - 79¢ oyg %Z9 119 - - - %679 - 989 664 8/£061

9cy 0LE a€e 121 61 06t 182 162 089 649 zog 861 144 e

/iih uesw  joyp jgpy /Sty /5Ly Ihty T T L T A R T B L S T ST /9Ly g/ - 6/1

T <
i

LT

*oN uojieag

uoseag uyey

Wm U ‘B3IR Paipnis ayj

UF ITBIUTEBI JO B3UNOWE [ENUUY

1201 anave




801 T 916 - £90 1 = - = = 11z 1 0E8 = 114 €88 008 & L9/9961

9c¢g 1195 = 6LE - - - - 608 194 = c9¢ 128 SEQ - 99/6961
Ny BES  pz§ - - - - - - 115 LZs = Lty hES 919 - §9/9961
959 oS¢ - ggs - - - - 50S £59 - #8957 gy - %9/ €961
\ (89 195 - 4zg - - - - 9gg L58 - xSEE 104 41S - £9/27961
*0T7 €95 - ggg - - - - 19 €49 - w09 SEY  ggy - 29/1961
/ - %9 - g1g - - = - 5i - - 89 189  gg¢ - 19/0961
L1 88 - 409 - - - - 66y - - €79 199 16 - 09/6561
60§ Z19 - ¢ - - - - 269 - - "BY 02 019 - 65/8561
906 a9 = €% = - - - 108 - = %6% 617 419 = 86/ £561
£S6 9L - ong - - - - BEL — - - 62 8% neg - 15/9561
€89 01y - 119 - - - - 51y - - €66 <Bg wwo - 95/5Ch1
SZT1 1 @98 hilp 1 - - - - - 0001 - - 999 058 11/ - §S/ 561
09  [ES €69 - - - €55 -1 - - 9y 415 o9y - YS/ES6T
€60 hi9 vEg - - - oL - 9&¢ - - 885 169 066 - €5/27561
DEY £ESS D69 = Z9¢ 90% [41 - Q%9 - - FA8Y GES 6ES e 26/ 1661
BEL  T6S 6L - £v9 LLs €Ly - 729 - - 509 wOS  wig = 16/061
< Qg6 "84 §98 el C6¢ F¥39 b - CER = = B8 9h6 AL = os/6%61
o 629  TYC ¢gE - 2y 95y % - 49g - - $8S %5 Bog - 64/8Y61
€LL 659  Z6/ = B9 11y 0zZ9 & e - - 199 EBL 646 G gn/inel
. . €99 %9 1gs = 819 - 989 - gng - - S€9 759 o9 = Lv/avel
' S€9  WES 69 - hES 5 £2¢ - e - - £85 109 55 ~ 9y /5y6]
b "8 585 Sgy - 629 LY 15 - oL - - 62 <09y 2 /61
807 1 ££6 890 1 - 8OO T 820 T 070 1 - o411 - - 918 fhE  pog - e/ EY6T
947 T 6% o0 1 - vEs 009 962 - - - - €E9  0EL (69 - £9/2961
868  0£9 gg8 - 7eg 829 719 - 108 - - .7 188 wez - T/ 1961
%9/ 9€9 91g - 95t 19¢ 065 - - - - %S ¥8%  geg - Tv/0%61
0Le 089 54 - 91L LS 1S - - 508 - - 0cs  BZL el - 0%/6E6T
926  ZEB ZiL - 268 88 164 = & - - 668 698  BER - 6E/8E6T
LyL  vES 669 - 9yg 895 15§ - 69 - - 108 11§ g - 8€/ €61
(L)ve9 1 o9 zes - 869 665 719 - 149 - - 865 L£9  L4g - LE/9E61
95y 0L sgE 121 61 06¢ 8. 1S, 089 6.9 0S5 @61  ccz vz

o ISLy uesm o Jjore  pegy /8L Y /5Ly /hey TATA NN TA B L 7L \ena, TATA BN VAL T /el B/IE - 671

. "ON UOTIRIG U08EB3g uTeEy




225

P10231 ou jo

Potaad apnjoujy

{Le 1 948 ~ 968 = - - 610 1 606 - oL9 ‘816 9cg = BL/LLBT
6EB 569 - 049 - = = 05t Lh8 e 166G 112 B6S = Li/9s61
£Z6 3%} = 608 = - - E00 1 928 = oEL 716 ETL = 9L/5¢61
tea 989 b 661 - - o= 1Y ¥4 0%9 = ELS EEL 109 - SL/9LBT
AYA £oL = (481 % - - 48] 664 = 98¢ S9B 749 - TLIELET
8e9 89S i 166 = = - 9€ES 76Y - 19% 19¢ 014 - €L/2L61
£es LBS = LSS = = - 218 9es - €£os 119 £95 = [ATATA
696 oog - 986 - - = 919 0ze - BS9 |41 66¢ - 1L/0L461
By L %49 - {69 - - " 09¢ 09s = 606 (4% 106 = 0£/6961
2s9 %Es - 109 = - & 829 £0S - 6L 61¢ g6y = 69/8961
9t£9 hES ™ 1 X419 - - = ozs 6%9 - c0s 98Y 0zs = 89/£961
95y 0LE 8Eg 121 61 - 06L 18L 15¢ 0B9 619 08 B&1 §6Z vt
/Sty ueam  fory yory /8Ly Lw\wmq /Ly AT R ETE B TT AT R E T B A TU R 7Y 9Ly 8/1E - 6/1

*0ON uofrjelg

uoswvag uyey




R

P
[59]
G

Even a superficial investigation of Maloney's Spring discharge
indicates however a strong correlation between exceptionally
high annual- rainfall and corresponding high discharges, for
example 1908/9, 1914/15, 1917/18, 1943/44, 1970/71. In fact,
the magnitude of annual spring discharges, immediately following
high rainfall events, are more controlled by the high rainfall
event than by subsequent lower rainfall events. Several
successive high annual rainfalls tend to show an accumulative
effect on the discharge, for instance 1974/75 - 1975/76. This
"memory" is confirmed by the results of an auto-correlation
function (correlogram). Using the annual spring discharges, a
strongly auto-regressive process is revealed with a significant
dependance over a period of 3 to 4 years (see Fig. 10.6).

Corfespondingly annual rainfalls reveal a random process.

Some success has been achieved by employing a stepwise multiple

linear regression technique (I.B.M. statistical programme based

on curve fitting), to study the correlation between annual
/

rainfall and annual spring discharges. Using this technique,
the best linear fit to the input data is described by the

equation:

Q =1,2828 x Q_; - 0,4083 x Q_, + 0,0054 x R - 1,2521

where

Q = The predicted annual discharge in 106m

Q, = Annual discharge of the antecedent year in
106m3

Q-9 = " Annual discharge of the second antecedent year in
1061113

R = Rainfall in mm for the corresponding year as Q

-1,2521 = constant term.
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Annual discharge can be predicted provided the discharge of two
antecedent years and the corresponding annual rainfall are
available.. Predicted and measured discharges correlate at

levels in excess of 85% (Table 10.3).

At this stage it was felt that a mathematical model could
possibly be applied at Steenkoppie Compartment to enable an
assessment of the aquifer storage i.e. the volume of water
stored between the groundwater level surface and a plane at the

elevation of the spring.

Research workers from the Operations Research and Statistics
Division at the NRIMS of the CSIR were approached and asked to
construet such a model which would involve the available data
i.e monthly average rainfalls and monthly spring outflows. The
results and a proposed model have been described by Markham et
al, 1980.

In this model outlfow from the aquifer is compared to the
discharge through a pipe at the bottom of a storage tank, the
configuration of which is constant at all heights above the
outlet. This suggests that the rate of discharge is
progortional to the volume of water stored in the aquifer. As
previously mentioned, there were no jpiezometers operating in

Steenkoppie .Compartment.

The model consists of three components, the discharge~storage
relationship, the water balance equation and the rainfall

replenishment mechanism.




