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ABSTRACT

The studied area includes the Malmani Subgroup dolomite outcrops and

sub-outcrops extending between the Klip River in the east and the town of

Ventersdorp in the west.

The composition, structures and nature of the aquifers are investigated.

The area is divided into geohydrologic units (compartments) defined by

hydrologic boundaries, and several selected units have been studied in

detail.

In part of the area the entire hydrologic set-up had been changed as a
result of gold wmining activities which often involve dewatering,
artificial recharge and the run-off of effluents from the wmines. In

other parts semi-natural conditions prevail and groundwater discharges

still take place through the natural outlet of springs.

An analysis of springs and rainfall-discharge relationships enables the
understanding of the natufal reéharge in these aquifers. The mechanism
of the replenishment /may be schematically viewed as consisting of two
‘phases namely, an early nearly immediate intake, and a later delayed

phase with a .time lag of approximately 4 to 6 months.

Annual outfiows at springs observed over a succession of wany years
reveal the discharge to behave as a very stfongly autprégressive
process. The aquifer may be conceived as a reservoir which periodically,
on the occasions of exceptionally high rainfall seasons, becomes
over-filled, and henceforward for several years discharge is controlled
more by this event of recharge than by the following moderate annual

recharge increments. The application of a statistical model for

prediction purposes simulated the discharge rather closely.




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 to 3 per cent. Pumping tests indicate that the storage
coefficient varies considerably and could 1locally be of the order of

-4
10 .

Sulphatic mine effluents of different conéentfations and treated sewage
wate?s arer“disposed of into the river courses’ resulting in thg
contamination of groﬁndwater reservoirs and éprings by artificial
" recharge. The interaction of this combiﬁed system of'surface-wagef‘and
groundwater has also been studied. Under undisfurbed natural conditions
~ the concentration of the sulphate ion in groundwaters of the investigated-
area is negligibly small, but on the other hand, groundwaters éncountered
in this study are unséturate? with fegard to sulphaté. Thié parameter 1is
therefore used to identify contamination, as well as for quantitative

storage calculations by means of chemical mass balance models.
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1.1

1.2

R T A A N DL b,

GENERAL INTRODUCTION AND BACKGROUND
Objectives of the study

The objectives of this study are to enbale feasible predictions
of the response of the aquifers to wvarious 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 reservoir, attains some

additional significance in the studied area due to:

(a) Location 1in proximity to centres of water consumption
demands,

o

(b) possible extrapolation of results to similar ferraips,

(c) the .specific problems connected with proionged extensive

mining.
Requirements

A better understanding of many aspects is required, which
include: The nature, composition and'structure of the aquifers
involved, delineation of géohydrologic boundaries, groundwatér
flow . pattern,' groundwaterfsurfacé water interrelations, the

mechanism of natural replenishment, coefficients of storage and



transmissivity, estimations of total storage, evaluation of the

prospects of artificial recharge. Deterioration of water
quality causes a growing c&ncern. 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 borehole siting and

mapping is also required.
1.3 Available data

An Interdepartmental Committee on Dolomitic Mine Watefs in’ the
Far - West Rand which included represen;atiQes from ‘the
Departmenté of Mines, Water Affairé and Agtricultural Economics,
had been operating durihg the period of 1956-1960. Within the
scope of its investigation were all aspects connected with
disposal of groundwater pumped _by gold minés to irrigation
boards in the Far West Rand. Due to the lack of basic dété‘at
that time, much of the Committee's effort was directgd towards
cplleétion, co-ordination and analysis of relevant
geohydrological data, albngside with the evaluafion of wvarious
schemés for Qater replacement. Reports. éubmitted by this

Committee constitute valuable sources of information.

Another, currently operating Interdepartmental Committee 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.




1.4

The available data consists of: Lithologic descriptions of
borehole 1logs, 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 matpral
drainage courses and in man-constructed canals, mine water
abstraction amounts, part of which 1is estimated and part
gauged; In some cases 'special surve&s -were conducted which
includedapIOtting, levelling and sampling of boreholes. Gravity’
surveys, where availéble, were incorporated in the present
study. Groundwater ana surface watér samples were collected and
analysed. Use "was made of chemical data which éppeared in
previous reports and had been collected by various bgdies such
as fhe Rand Water Board etc. Aquifer tests were berformed at

selected sites and interpreted.
Previous work

Geohydrological aspects of the dolomite équifers in Southwestern
Trapsvaal havé beénv studiédA by several - workers (Enslin. and
Kriel, 1959, 1967; Enslin, 1968, 1971; Schwartz and Midgley,
1975). A‘detailed gravity survey, conducted by the Geological
Survey in selected parts of the area, which was accoﬁpanied by
extensive driiling, has also contributed to a better
understanding of the hydrology of the dolomite aquifers

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



1.5 Methods T 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 geohydroiogic unit or
compartment separately. _In4 some .0of the compartments, 1like
Séhoonspruitvand Steenkoppie, witﬁ.the excéption of springflow
amounts, .virtually no other information coacerning groundwafer
~was available. in dthei compartments such as those located 15 '
Athe Far West Rand, due tp probiéms. arising as a ;ésult of
‘dewatering of the aquifers by the gqld mines, a‘larg;vampunt of
recofded data was at hand. Even where apparently_.al’lot of -
infofmation',was expected to -Have accumulated over the last
fifteen years‘or so; it often proved aisappointing. The. éapé
-usually . arise from wunsatisfactory spatial distribution of
observation holea{ long breaka’ in measurements, - lackk af
simultaneous observations and' only sporadic surface flow

gaugings.

It was mainly the availability of dafa. which  dictated the
metaods applied and altimately the resuits obtained from the
.study'bf each individual geohydrological uait. In a few cases
water balances could Be worked"QGE‘ which yielded storage
aoefficient figures and recharge;rates.‘ in others, as a result
of'spring analyses, the mechanism of naturai replenishmeht could
be elucidated and -interpreted.' Contamination of ‘aqaifers by
mine effluents as well as artificial recharge could be proved by
employing geochemical méthods. A 'simalation model of the
contamination process also permits the calculation of some

storage figures.

T
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It became evident at an early stage of the study that additional
data had to be obtained. In vfhree units: Schoonspruit,
Steenkoppie and 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

qompartment; ‘
2. GEOGRAPHY
2.1 . - Areal scope

The studied ‘area extends betweé;»'longitude- 26°30'-28°00' and
latitudé 26°00!-26°30" (see Fig. 2.1). 'The combined area of the
Pre;Cambrian dolomitic outcrops andAsub—éutcroés, overlain by a
blankétlof ﬁeathered rock material or soil, is ‘of the order of

.4 000 kmz.'

2.2 - Physiography

Physiographicaily the area éonstitutes part of‘the Highveld of
the Republic of South Africa, eleﬁétfﬁns”being.in the range of
1 506 -1.700 m. A rather sﬁooth, fiat, éurface relief is
characteristic of the dolomitic 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.
2.3 Climate

Thé glimate is sub-humid with'typiéal summe£~rainfa11 and dry
winters.  Precipitation extends over a long -period of the year’
compared to a short dry winter“~séason; The .annual march of
fainfail; (Fig. 2.2),'deﬁons;rates the relative monthly amounts
of precipitation./ The hiéhest «monghly rainfall occurs from
Névembgr to February. Folder 2.1 ‘illustrates the daily rainfall
pattern of a periodA of sevéral consecutive ;yeé;Sw The mean
anngal rainfall decreases ffom,700 mm in the east; to 590 mm in
the west (Weather Bureau,‘1972). Classification'of climate and
ekperimental work (Schulze, 1958) point to the ﬁigh potential
evapotranspiration prevailing inAthelarea‘which also correspond
iﬁ 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‘wﬁ{ch'only seven to ten have

been simultaneous.
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3.1

GEOLOGY

Statrigraphy

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

A
weathered products of the Malmani Formationms.

The rocks of - the .Malmani Subgroup were deposited in the
so-called Transvaal Basin. Visser (1970) - postulated two

parallel depositional basins striking‘east—no;theast,'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 Bethai.

A recént revision. of stratigraphic units, sﬁggested by the

Geological Survey (Provisional stratigraphic Subdivisions, 1980)

.replaces the former “Dolomite Series” by the Chuniespoort
Group. '~ The Malmani Subgroup includes four or five formations as

 presented in thé followihg 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. ~ 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 manganese content is typical. these rock facies
indicate quite shallow conditions where - subsidence and
deposition were in equilibrium for a Ilong period. A stable
shelf environment with a distal negafive source area 1is

suggested by Visser (1970).

The following cycle of deposition in the Transvaal Basin, tﬁe
Pretoria Group, is ‘.compoéed mainly of argillaceoué and
arenaceous rocks with several lava flows.‘ During this cyéle, as’
compared to the dolomite, relatively unstable conditions
ﬁrevailed, with mild basin subsidence and some uplift of the
source area. The transition between the two cyéles is rather
sharp, simultaneous and recognisable over the entire basin.
Lithologically the transition beds, Rooihbogte Fm., includes

shale, quartzite, chert'breccia and conglomerate.

The Malmani. Subgroup rests on a well-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 ;everal tectonic cycles 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, + 2 000 m.y ago. Another prominent folding and
faulting is the Pilanesburg phase, dated 1 300 - 1 400 m.y.

Later movements are related mainly “to upwarping and on the

-whole, stable cratonic conditions prevailed in the studied area.

Two structural elements, the . Vredefort Dome and the

x

Ottosdal-Bethal Line, played a majof 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 present dolomite outcrops into two wunits, one dipping
northwards, the other, on the flank of Potchefstroom Syncline

dipping southwards.

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

is encountered in many mine exploration boreholes.
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Other dykes of Pilanesburg age strike in a northerly direction.
These dykes are major elements in the studied area. Tracing of
the dykes had been accomplished with the help of electromagnetic
and magnetic methods. Gelletich (1937) divided dykes systems in
the <central part of 'Southern Transvaal into three groups,

according to different magnetic signature:

(a) Pre-Karoo Pilanesburg Dykes
(b) Post-Karoo Dykes of the East Rand

(c) Dykes which do not belong to either.

The major dykes in the studied area (Fig. 2.1) are syenitic
dykes and belong to the.first group. Radiodatinglpf the dykes
establi;hed an age of 1 310 + 60 m.y. for the Pilanesburg Dykes
(Van Niekerk, 1962) and 1 120 + 45 m.y. for the East Rand Dykes
(McDougal, 1963) namely also Pre-Karoo. A recent aeromaénétic
survey interpretation by Day (1980) confirmed and in cases
extended the previously mapped dykes. It also disclosed a group

of E-W striking dykes.

A N-§ schematic cross-section A-A' through Cooke-Section,
Western Areas and Elsburg Gold Mines is shown in Folder 3.1. It
is based on data from exploration boreholes plotted on the key
map Fig. 3.2. The section illustrates a regional southward dip
and the wedging out of the dolomite due to truncation. The
‘thickness is minimal close to the Ventersdorp-Krugersdorp line.
It also demonstrates a Pre-Pretorié major unconformity as a
result of which the thickneés of the dolomite had been reduced,
in places, to 500 m as compared to the original thickness of

1 300 m.
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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 1is tfpical. The dolomitic mass
is practically aevoid of any effective primary porosity. It is
due to later processes: such as dissolﬁtion, leaching aﬁd
karstification that hydraulic coﬁductivity has developed in

thése carbonates.
Morphology

It has already been noted by Brink and Partidge (1965) ;hat
morpholqgic features of the Transvaal karst differ in some
aspects from classical karst as described for instance by Cvijic
(1918). In most of the Transvaal dolomites there is no wide
distribution of naturally occurring dolines and sinkholes. 1In
the studied area however, true karst morphology such as
disappearance of streams, disolufion sinkholes and depressions,
does occur although 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 deécribed as "Plateau

morphoiogic" type and the southern outcrops as "Vaal River" type

by Martini and Kavalieris (1976).



Upper cover

The bedrock in these areas is generally concealed beneath a

mantle of weathered materials, the thickness of which wvaries

laterally considerably over relatively short distances.

This weathered zone cover consists of a variety of rock types,

part of which developed in situlfrom_the dolomite bedrock and
part accumulated as transported alluvium. It includes residual - |
soils; clays, shales, carbonaceous shales, marls, sands, rubble,
gravels, brecciated che?t, conglomerates and various

combinations of these rock types.
4.4 The development of permeability

Karstification is a major process in the disintegration of
carbonate rocks. Soluble carbonate rocks are susceptible to
dissolution by meteoric waters which have become slightly acid,
and therefore agressive, 'as a result of passing through the
atmosphere and soil. The de?elopment of karst involves a
combination of closely related surface and subsurface features.
Chemical .dissolution associated with the creation of cavities
and voids syétems is confined principally to the phreatic zone
namely, the groundwater level surface. It is in thi;‘zone that
subsurface erosion is most active, calcium, magnesium and
bicarbonate ions being removed in solution by circulating
groundwater. The insoluble residual products such as silica,

quartz, clay minerals, oxides and hydroxides of diron an

_ d
manganese (Wad) are 1left behind. The residual mass, when
undisturbed, as in caves, 1is spongy, compressible, of low
density and high void volume.
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Lithologic and structural inhomogenitieé ‘of “the - carbonate
bedrock generally lead to differential dissolution. In the
studied area numerous igneous intrusions, mostly in the form of
dykes, penetrated the dolomite. Contact zones in the host rock,
next to such intrusives, favour a more intensive leaching.
Brink and Partridge (1965) postulated differential solution
along a pattern 6f fracturing in three major‘sets, markeé by the
. disfribution of sinkhéles and subsidences. According to these
authors the fracturing had been caused by the emplacement of the
Bushveld Complewihich appligd.a stress field through foiding

along the margins of a structura1 basin.

fopographic relief; especially drainage base levels, ére among
the main factors controlling karst‘development.' The ‘evolution
of ka?st with - time; under undisturbed conditibns, ‘may
s¢hematica11y be conceived as a cyéle including several phases
from youtﬁ through matdrity and .late maturity to old: age, with
typical manifestations at eacﬁ ﬁhase. At maturity underground
drainage is a; maximum due to the completién -of an .extensive
interconnected cavity system and‘the role of surface drainage'is
" very limited. - If, during the later bﬁases of the cycle, no
change of groundwater elevation takes place, ground surface will
be planed down :-to .th> water table, terminating thus any further

karstification, and surface drainagé\ﬁifi égain prevail. -

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

nature. The lowering of base 1levels through valley incision,
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accompanied by the drop of groundwater levels, is a more common
process which initiates the rejuvination of karst formation at a
lower altitude. The upper, earlier, karstified horizon remains

above water level and within the vadose zone.

Cavernous systems in‘the vadose zone  -with an access to ground
surface either through the original vertical.crevices or due to
later erosional opening tend to develop depositional features. .
Clay minerals in suspension and alluvial clastics.are downwashed
and settle in ‘the empty space. Deposition of calcite or

aragonite also contributes to the filling of space.

Another_process active in this zone is caving or rdofing—in i.e.
disintegration and collapse of the fock‘cover above a cavity by
descending - waters. Extensive progressive . upward caving may
affect the entire rock section, up to the ground surface. Thus
a rather 1loosely packed weathered zone is formed where
instability is characteristic. '~ Sinkholes of the compaction and
collapse type (Jennings et al, 1965) and land subsidences are

read justment phenomena of the unstable residual cover.

The recent dewatering of a number of dolomitic compartments in
the TFar West Rand by gold mines has caused a substantial drop of
groundwater levels. Parts "of the weathereq unconsolidated
cover, which previously lay within the sgturated zone, have been

drained 1loosing thereby the interstitial hydrostatic 1liquid

support. Artificially induced readjustment activity has thus

been triggered with an acceleration of sinkhole formation.




The evolution of the aquifer

The development of permeability in the near-surface zone of the

Malmani Dolomite in the study area, since its initial exposure

to 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 intégrated 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 ﬁhe
rock material of the overlying vadose zone due to the action of
meteoric water. This combination of fissured karstified bedrock
and accumulated weathering produgts comprises the potential

permeability in the studied complex.

As already méntioned, a ﬁumber of intrusives, mainly syenite
dykes cut through the dolomite, subdividing in this way the
extensive dolomitic outcrops area iﬁto smaller geohydrologic
units, or compartments (Fig. 2.1). The downward progress of
karstification is dependent interalia on thé 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 below
surface. It may therefore be concluded that paleo wvalley

incision never exceeded a depth of approximately 150 m.
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Data collected from hundreds of boreholes in the Far West Rand
drilléd 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 mgthods; without ‘coring, yere‘ exclusively
employed. For = instance, it was ' sometimes impossible to
distinguish between transportéd and residual weathered
clastiés. In a few instances water-bearing, fragtured—jointed
zéneé, which occurred in an otherwise solid rock succession,
were difficult to identify. In spite of such ﬁinqr problems a
rather comprehensive picture of the spb—suffaée geolégy is

disclosed.

The upper part in many boreholes consists of layered variegated
clay-shales, red, brown, pink, .yellow and whitg, often sandy and
including cherﬁ gravels and fragments. ‘Towards the bottom of
this clay section, blaék carbonaceous shaies may occur, resting
on an irregular, brecciated, weathered chert and dolomite which
often constituies an aquiferous zone. These clastic outliers
are remnants of Karoo sediments (Ecca Group), which once
extensively covered the whole area. Karoo sediments also
"occasionally appear as outcrops overlying the dolomites. The
total }hickness 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 2zone merges

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 Zuurbekom,
Gemsbokfontein,  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 develbped interconnection
of voids. The aquifer is however by definition .heterogenic and
often ranisotropic, aslwould 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
immédiately overlying the solid rock consists of residual
disintegrated- collapsed rock material of an‘ old vadose zone,
formed as preQiously described due to karstic dissolution at a
deeper level which had been activating the erosive consumption
in the upper levels of this vadose 2zone. '~ In such subsidence
structures as dolines and polje conditions favoured the
deposition 6f' the black shale. The aquifer on the whole
consists of a combinafion of Lkarst debris ‘and fluvio-glacial
deposits, the relics of an ancient Pre-Karoo or Dwyka surface
drainage system which possibly included also tillites and
moraines. At a later stage, with the deposiﬁion of shaly Ecca
‘beds, karstification had stopped. The coating of the dolomite
by cléys exerted an impregnating effect and sealed off» the
underlying pervious zomne. As long as the aquifer was

extensively covered by thick Ecca strata, mno further karst
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formation was possible. Later geological develdpments_gradpaliy

stripped off and uncovered parts of the buried aquifer (Fig.

4.1). With the exposure of renewed areas of intake and outlet

for meteoric water, rejuvination of the aquifer started, the

fossil aquifer being reactivated. In places a new

kars;ification cycle began. Recent . groundwater flow 'patterqﬁ
often follovs ancient wunderground channels such as burried

relics of Pre-Ecca surface water coufses or moraines.

Following the removéfwi¥fthé»Qverburden above the dolomite and

dué té the»irrégularity pf.Pre-Karoo mérphoidgy, with areas of

subsidencés and. sinkholes;  patéhés of:'Karoo oupliérs .were

charaéteristically<-1eft behind: Present day  topography is -
featurediby,renewed mild'down—cqtting of the land surface. In

Athat way; reverse ;opographyAAis; sometimes' encountered - a

pheﬁoménon already observed by Du Toit (1951) in the Lichtenburg

area.

vGeophysical‘mgthods %uch.és}gravity sprveys p;ovéd an efficient
‘éxpibféiiégffool.,Afn the Zuurbekom a;éa the dfilling programme
: waé plaﬁned so as . to locate most of the :borehole sites on
residual gravity lows (Folder 5.1) with the.aiﬁ of penetrating a
maximum thickness of - the weathered zone, and assuming a
potential{aquifer. It was also expeqﬁéd that in such lows, more
or less homogenohs -aquifer materiél' and structure. might be
~ encountered, which in turn "would enable the performance of
aquifer tésts. It wés found that residual gravity maps convey
the presence and éxtensiveness of Ecca outliers as well as of
weathered rock material, chert breccias, glacial "deposits etc.
which form the aquifer. No distinction ‘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 ﬁo the protecting cover of
later sediments, mno further down-cutting of the relief
occurréd. On the other hand one could‘expeﬁb that such dyke
boundaries had been down-planed in restricted places by glaciers
and rivers forming gaps which allow groundwater flow between

ad jacent geohydrologic units.
The dating of karst

The dating of the.kafst formation in the Transvaal Highveld is
rathef complicated in the absence of stratified.young aeposits.
Several workers applied geomorphological methods relating
ancient water table zones fo‘ ma jor erosion surfaces (King,

1962). Brink and Partridge (1965) considered an upper (+5 liO')

" and a lower (+4 800') karst level in West. Driefontein Cave, to

have originated ~during Post~Gondwana and African times
respectively - Similarly these authors maintain an African age
of formation for the upper section at Sterkfontein Cave
( +4 800'), and a later .Post—African for the 1ower 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 major Post-Dolomite breaks in
deposition. The latest, Tertiary to Recent, has according to
these authors, contributed most to present day permeability of
the dolomite.

Based on the present study it is suggested that a Pre-Ecca
period of karst formation may be identified. This had been
folldﬁed by and was partly contemporaneous with a flﬁvio-glécial
period. Not much can bér concluded concerning ‘the new cicle

whiéh started after most of the Karoo sediments had been removed.

4Ev%dence supporting climatic fluctuations . between -wet and more

dry‘ periods during the Quaternary, based on surface and cave
depositional .sequences inv‘Northeastéfn' iranSVAal, have‘ been
postulated‘by Marker (1972). -'Such successions were not found in
the. studied area, probably becausé -later geologic events are

more of a denudational character.

INVESTIGATION OF ZUURBEKOM COMPARTMENT

- Introduction

The dolomite aquifer in the Far West Rand, Southwestern
Transvaal, is subdivided into smiiiéf‘ geohydrologic units ‘or

compartments by the presence of hydrolbgic boundaries such as

. impervious dykes (Enslin and Kriel, 1967). - Zuurbekom

Compartment constitutes such a unit, covering an area of some

130 km?. ‘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
northeasterh ﬁo southwestern direction and the Klip River runs
parallel to the eastern boﬁndary (Fig. S5.1). A moderatelyb
enlongated topogfaphic divide sépafates thé two'water courses.

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

The fifst step in the inQeStiggtion:included'thé compilatién of :
data and‘a;sufvey‘of some 70 boreholes (TableAS.lj; information -
was summarized,-andA‘recommendations outlined in a preliminary
repoiﬁ (Gh3620). This.vas followed by an interim report which
included partial results of water analyses. tater the drilling
- of obsefvation holes and aquifér tests were undertaken.

Codke Section of Randfontein Estates'G.M.ﬂhas lease areas within
the compartﬁent area, along the Wonderfontéin River. Two éhafts
are pré;ently operating.‘ The reduction and. recovery plant is
situated in the northwester; corner‘qfﬁthe coﬁpartment; Another
mine{ South.Roodépoort Main Reef, bo;deré the comp&rtment to the
north. A Rand Water Board pumping station, which includes

several boreholes, is located at the southeastérn part.
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TABLE 5.1: Borehole survey in Zuurbekom Compartment, November 1977

Use : D - Domestic water supply;

Intensive pumping

Equipment: W - Wind pump; O - Open hole;
not defined

Observation: R - Automatic recorder;

X - Observation possible

C - Stock watering; I -

T - Turbine pump; P - Pump

+ - Manual observation;

Borehole Elevation m Use

number a.n.s.l.

Equipment Observation

G1142 1566 ,40 -

- G1163 1570,16 -
G1195 1574,69 -
W150 - 1585,98 D
G1196 1576,08 = -
G1496 1594,40 -
G1457 1579,28 -
2WB1 1590, 35 I
JWB3 1587, 60 1
2WB4 1588,44 I
2WB5 1588,48 I
_2WB6 1589,27 I
w137 1585,02 D
W136 . 1586,38 D
Mg3 1589,16 D
G1498 1590, 40 -
WAW10 1605,44 -
PV22 1603,56 D
GB13 1585,57 -
GB47 - _
LVP1 1591,40 -
17302 1605,21 D
LVP8 1594,28 -
GB16 1580, 38 -
LVP31 1604 ,41 -
IWB1 1607,47 -
IWB5 - I
$S55 1608,17 -
W318 1602,85 -
XW6 1613,05 -

XW7 1613,87 -
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Borehole Elevation m Use Equipment Observation
number a.m.s.1l.
XW8 1614,01 - 0 -
XW9 1613,77 - 0 -
XW10 1613,15 - T X
XW11 1612, 44 - - R
XW15 1612,18 - T X
XW16 1609,99 - T X
XWl4 1612,63 - T X
1WB2 - - T -
1WB3 - - T -
1WB4 - - T -
1WB4A 1608,14 - 0 X
1WB4B 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 T 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
RWB7 - ‘ I T -
PL3 1616,27 - W X
G1419 1586,07 - 0 X
RWB1 1571,10 - - X
RWB4 1564,94 - - X
RWBS5 - I T -
RWB6 - I T -
RIWBS - I T X
DF1 1579,10 - W -
Lenz 1 1582,83 - 0 X
1 1575,56 D; C; 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 long-term detailed
study as it involves a combination of various aspects such as:
Contamination of groundwater, surface and groundwater
interaction, possible future dewatering and practical management

and co~ordination problems.
Groundwater abstraction

For many years exploitation of groundwater .in this compartment
had been confined to fairly constant amounts of 10 x 1‘06m3
per annum, abstracted by the Rénd Water Board at its Zuqrbekom
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 rainfail seasons, it would
temporarily resume its flow. No records are however available
concerning these flow volumes. A vague estimation puts the
pre-pumping flow amount  at va 1O6m3/year (Enslin, 1967).
It is noteworthy that no substantial decrease in water level 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.




(TR

2 2 2 g e

T v L S P [ Do

Mt

7

44

g

i

|
tr
B

g

by
£

|

=
Al
2|

|

o

e

2|

44

3

3

i

4

Fig. 5.2

bttt 1]
SALINITY DEVELOPMENT AT YHE‘RAN‘E‘) WATER BOARD PUMPING STATION, ZUURBEKOM,

dob Aok dm b Ao gebd bk
Annual i’umpage

-

-k

(]

(IS I A A SR AU IR B S|

PTG T N T WL T

~+

B B T O S S |

10.
q




32

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 Section, in 106m3
Source Disposal
Pumpage from Sahfts 1 and 2 6,2 " Dolomitic water to Wonder=
fontein R.. ‘ 1,8
Pumpage frqm'béreholes . 3,4 Dolomitic water to under=
ground - S : 3;7,, -
Purified sewége . 1,3 -Purified-éewage‘to Wonder=
‘ fontein - ' 1,3
Impofted from R.E:G.M. 1,3 To farmer o . 0,6
' To quarry - o 0,2

The net abstraction therefore from the dolomitic aquifer:
6,2 + 3,4 - 3,7 = 5,9 x 10%0° /year.

" Figures obtained recently'(1980) indicate an inéreaserf the net

abétraqtion, namely: Total pumpage = 10,3, Total returns = 2,7

10,3 - 2,7 = 7,6 x 10%03. e

Abstraction of water by the mine: includes water infiltrating
into the\underground workings, whichkis colleéted and brought to
surface at the shafts, plus water pumped by boreholes from
shallow depths. Areas where the ;ﬁé¥ﬁs”énd pumping boreholes

are located are_indicated in Fig. 5.4.



SR
_4m.muw

i

oo
L4961

TITIV Ty

.3440-NNY ATHINOW © -

. (EW Xgol’




5.3

34

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-Wonderfqntein_Ri§er, gauged.at Station C2M23,
was previously in the range of ‘4-6 x 106m3 (Hydrological
Information, 1978). This flow has' doubled - since 1975/76,
Fig. 5.3. Thié'runoff is only partly due t0‘high.rainfall and

most of the excess annual runoff comes from the following -

sources:

Mine effluents upstream (highly mineralised) 445.x'106m3
. Dolomitic grounﬂwater from Cooke Section G.M. 1,7 x'106m3

Reclaimed sewage from Cooke Section G.M. : 1,0 xv106m3

Reclaimed sewage from Krugersdorp Plant 2,5,xv106m3

The cbmbined 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~eff1uents,,treéted and untreated sewage water are the major

sources. A
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~Another source of surface water has its origin at South

Roodepoort Main Reef Gold Mine. In this case, the mine diverts
pumped wateér 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.uséd for irrigation. The

estimated quantity disposed of in that way amounts to
6_3 " |

. 0,66 x 10 m '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 qther of September 1980,

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.

-1t 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=iﬁ“the eastern part of the

‘compartment could well be due to insufficient information.
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The indicated flow directions = suggest ‘that-unde:__nqpural
conditions, grounanter from sectors A, D and part of B, with a
surface area of 37;75 kmz, drains westwards;< eventually
overflowing into the adjacent Venterspost Compartment.
Groundwater from sectors C, E and part of B, with a surface area
of 92,25 km2 discharges at the Klip River Eye and the

Zuurbekom Pumping Station.

¢

It appears from Fig. 5.5 that a certain -amount of groundwater

from sectbr A -aléo 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. vHerertoo; water flowing .in the Klip River; presently

mostly contaminated‘effluents; infiitrates into the aquifer,:

It is obvious that the heavy pumpage undertaken lately by Cpoke
Section mine has already affected'and distorted the naturéi flow
regimg. This may be noticed in the é;ea of:Shaft»No. 1, where
flov direction has reversed. It also manifests itself in the

development of a local trough around GBl6.

Qualitative study

<~y R
A few borehqles in the area, where aﬁtomatic recorders have been
iastalled, for instance LVP24, GB16, GBl3, reveal a pronounced

cyclic tidal effect. Fige. 5.6 illustrates one "such borehole.

Two diurnal maxima and two minima can be noted. A sinesoidal
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change of the amplitude during each month showiaé—fﬁd-maxima and
two minima can also be observed. This feature is characteristic

to confined to semi-confined aquifers.

Béhaviour of water 1levels in the dolomite aquifer does not
reveal a ‘simple relation between precipitation and rise of
water levels. It ‘will. be suggesfed; "later in this study
(fart 10) that the mechanism of natﬁral recharge involves a twé
phasg \system; ‘ah immediate one as shown in Fig. v5.7; and a-
deiayed one with a lag period of four to six months. ﬁecoras of
groundwater lévels,for }ong-term observatioﬂ periods ar<e shown
in Figs; 5.8; 5.9, 5.10 and 5.11. It is noticed that often the
highest and lowest seasonal Water'levels arezshiftéd forWard in -

timé‘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 magnitﬁde .of water level
: fluctuations is considerably bigger than in others, for instance
borehole GB13 Fig. 5.11. This. could suggest a. relatively

limited storagu. -

~y e

A marked drop of water levels ﬁhichvstarted in March 1978 can be
observed in boreholes LVP17, GB13, GB1l6 and PV2, andﬂthis could

result from a combined effect of natural discharge and
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over—-pumpage. A similar behaviour of the water levels has been
» \\_

recorded in the adjacent 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 Qell‘ as the bordering
compartments to the wést. Station spacing was -generally. 100 m.
Readings were corrected for latitude, Bouguer Ffee Air, drift
aﬁd tidal effects. Values .were plotted and contoured to produée
é Bouguer Anomaly‘mab. ‘The residual. gravity map,‘presented in
Folder. 5.1 by cour;eéy'of'the Geological Sﬁrvey, wag‘derived by
subtracting the regiongl gravity.values from the bouguer .Anomaly
- values. The regional graQity ﬁap‘presénts a referegce gravity
surface at the ‘water tablg‘:elevation. Its . construction was
'fgscilitated~by'the drilling df a network of boreholes down to
the solid doiomite. The obéerved gravity at each of these
bofeholes ‘was :corrected in .such a way gé to yield a value
correspdnding to a completgly'dolomitic section up to the water

table reference.plane.

The advantage of the resultant residual gravity map lies in the
eliminécion‘ or reduction of gravity effects of deep seated
featu?es- Negative areas or lowg#qq’the residual gravity map
may be interpreted as aréas incluéing< a comparatively thickef
overburden of weathered rqck material as opposed to positive
_Highs where the sélid dolomite bedrock is closg tobsurface. The
density of the weathered rock materials, on the average, is of
the order’ of 2,35 g/cm3 while that of fhe solid rock is around

2,85 g/cm3- The ‘density of the rock wunits comprising the
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overburden naturally varies cénsiderably, 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, -bglow the more clayey ovérburden is extensively
1eachéd, joinﬁed and. wéter—béaring. This zone, assumingly
representing ‘the ' latest katstificatidn phase, has also been
included. in thel weatﬁered rock overburden. The ithicknesé of

this interface is inc¢onsistent, but not exceeding 15 m.

Most of the obserVation*exploration boreholes -drilled recently

llgghwe;efsited_On gravity lows. All -of them

struck water'vané ;ghei correlationf.with light density rock
material extending below the‘ graundwater table 1is well
established. Yet this property does nét necessarily guarantee a
~high vyielding‘ bérehple. In Fig.'v5.12 condensed columnar
§éctions of these bbreholes are shown. It is .noticed that in
most cases thé aquifer is semi-confined to cénfined and water
was struck in irregular parts of the potential aquifer mass.
Fig. 5.12 also explains the ‘t}ég;‘.gffect observed in the

hydrographs of many boreholes.

Lows on the residual gravity map would generally indicate a much
morebclayey sub-surface sectién as compared with highs where a
relatively thin cover overlies the-shailow bedrock. In trying
to envisage the actual way‘in which'natural replenishment into

the aquifer takes place, Fig. 4.1, it is presumed that gravity:




1

us Big

Id T L T
! .
/ v3ge ISy 3NN 7
! ELTENE I
{ woss 3nvie W,
! 2u3em ey s S 1
HIMMODNOUD JYTHY. NINDHE
i 310408 NOIHVEOLNT,

/

/ 21m0%0 onos 7]

M0z ¥34in0v’ WAy [
s3Te va )

ERLEEEED]

weas . gewozoy

13 B 0 -

SITOH3YOE  NOLIVY0IdX3
INIWIYVINOD  WOM3gNNNZ

1 ] t 1

313




5.6

49

highs possibly provide preferential intake areas, wherefrom the

percolating rainwater starts its tedeous route along the
fractured 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 éf clays, gravity

lows often indicate recently weathered dblomite.
Geochemistry of the waters
Some 60 water samples have been énalysed, the bulk of which are

listed in Table 5.3.. Sampling .points and sulphate content are

shown in- Fig. 5.13. The samﬁles 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 magnesiumvas major cations. A rather low TDS content is
also noticed. 1Included in this group are samples from boreholes

KGl, DP2, DPl, ZT2, ZT3, ZT4, ZT§¥w2L3, W312 and GS1 (No. 10,

14, 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 include mine effluents and
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Chemical analyses of waters from Zuurbekom Compartment, in milligrams per litre
BOREHOLES .
\‘”~ FE—
No. Source TDS pH Ca Mg Na K Si Ccl SO“ HC03 N03
1 Lenz 1 348 7,62 40,5 29,7 6,8 1,8 1,9 4,4 17,4 245,9 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 7,11 33,9 27,5 4,1 0,7 10,5 3,1 77,7 125,7 6,2
4 RSBl 247 7,30 35,5 17,5 5,3 0,9 11,6 3,6 52,1 129,5 2,9
S  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 79,3 188,0 5,9
7 W360 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 KG3 362 7,65 42,3 29,0 10,8 1,1 9,4 17,8 42,1 183,0 35,3
10 K6l . 220 7,48 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 - PLL 26 6,4 1,7 0,0 0,0 0,4 4,2 2,4 2,7 14,4 3,9
13 61511 - 174 7,22 15,4 12,1 3,3 7,0 2,0 2,7 2,2 48,9 81,4
14 Dpp2 85 7,19 19,7 6,4 1,6 1,0 7,4 0,8 0,0 62,8 1,5
15" prl 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 39,2 2,5
17 w367 96 7,75 10,4 - 4,6 2,5 1,3 7,0 0,7 3,6 68,3 4,64
18 zT1 414 6,68 43,3 21,2 49,0 2,5 5,4 187,8' L 261,0 28,8 ..9,2
19 212 85 6,93 10,2 . 6,1 2,4 0,9 7,6 0,4 0,0 63,4 1,5
20 213 161 7,35 19,6 12,2 5,0 1,0 13,7 1,5 0,0 108,6 12,4
Pl 2T4 19 5,54 0,9 1,2 ‘2,0 0,8 4,2 2,5 0,0 6,9 4,3
P2 2TS 70 6,80 5,2 7,8 1,2 0,7 7,8 1,9 0,0 51,1 2,1
b3 PL3 166 7,90 . 19,9 10,9 3,8 0,7 ‘13,6 2,2 0,0 120,5 7,1
P4 PL2 57 7,35 5,8 2,4 0,5 0,9 5,5 1,3 2,7 41,0 2,6
bs w407 341 7,12 31,2 16,4 49,8 0,5 6,6 17,2 159,8 50,0 15,8
6  XW6 360 7,40 49,3 31,6 9,5 0,4 6,8 6,9 162,6 90,7 8,4
7 w302 69 6,80 7,1 1,6 7,1 0,5 5,4 11,2 2,5 30,3 8,2
8 POl 51 6,38 4,5 3,3 1,9 0,2 5,5 1,3 2,1 31,0 1,7
9 ss1 432 10,22 0,0 0,3 121,3 0,0 17,8 20,9 10,4 261,4 0,4
0  MBH1 150 7,14 16,8 13,9 1,9 0,6. 3,0 0,7 6,6 106,1 0,8
MBH2 198 7,41 23,3 15,5 4,3 0,9 4,8 6,2 2,6 131,7 8,7
D W3l2 76 7,60 8,3 5,1 1,6 0,3 4,8 1,9 0,9 51,6 1,8
B GS1 104 7,18 11,8 7,8 1,9 0,3 5,4 1,3 2,6 69,3 3,9
RD1 84 6,56 8,6, 6,2 1,9 0,0 4,9 1,6 2,6 50,6 7,9
b W318 122 7,05 13,9 7,1 3,3 0,9 5,8 4,5 9,6 75,0 2,5
Mg2 100 6,90 5,9 3,9 13,8 0,6 6,4 15,0 9,0 15,6 36,4
$S55 " 38 4,04 ‘3,4 1,7 3,8 1,8 5,2 2,0 8,8 0,0 16,1
L 1wBl 192 7,66 15,5 10,2 17,4 3,9 1,2 19,8 2,8 59,0 63,0
LT1 113 7,19 14,5 10,0 2,9 0,6 5,1 1,2 13,6 66,3 3,4
LVP17 737 8,84 4,8 0,2 105,0 163,0 ..20,2 83,6 117,2 251,5 10,6
1WB4C 126 8,09 15,0 7,9 1,7 0,6 6,4 0,7 3,4 93,2 1,9
GB16 213 8,20 17,7 5,6 28,8 1,7 2,8 2,7 5,9 149,7 0,1
LVPS 192 6,90 37,6 2,9 8,5 6,3 0,7 2,7 109,7 14,8 9,2
GB13 564 11,32 126,8 0,2 28,4 5,4 1,5 15,0 269,8 115,2 1,4
GB47 148 7,89 16,2 10,1 6,4 0,9 1,1 2,7 19,6 89,8 2,4
2WB2 1 298 7,75 194,7 94,0 *39,6 1,4 8,9 26,4 817,3 89,5 34,0
2WB1 1373 7,60 216,7 96,7 45,4 1,7 8,5 20,3  884,6 74,7 32,4
LVP1 226 6,40 49,5 5,3 6,7 5,2 0,3 4,1 124,5 19,6 11,4
Wi36 121 6,67 15,5 9,3 3,3 0,5 5,6° 3,3 56,4 25,0 7,7
Mg3 1 022 7,98 136,9 86,0 30,3 1,6 6,4 22,6 655,6 64,9 24,0
G1498 1 317 6,91 251,5 52,4 54,2 5,2 4,8 18,8  903,9 024
w137 236 6,38 24,9 21,6 11,4 0,5 4,8 15,4 114,8 22
W150 99 7,50 12,1 5,3 1,4 0,7 5,7 2,7 1,6
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WONDERFONTEIN RIVER

No. Source TDS  pH Ca Mg Na K Si Cl SO Hc03- NO3 = T NH,

4
H W.R.C.G.M. effluents 1 270 7,16 568,46 50,0 63,2 31,3 0,9 28,6 214,2 43,3 48,8 221,8
I Effluents in river 2 787 6,89 612,5 100,0 61,8 6,3 0,9 106,7 1 812,0 45,4 33,7 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  Tributary R-E.G.M. 2 482 6,95 484,2 11,1 73,7 4,7 3,7 142,9 1 625,0 34,0 1,4 0,8
effluents
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 189% 5,8 40,9 -51,2 75,0 2,9 1,5 34,6 1279,1 0,0 33,2 1,5
N River water. 1032 7,00 97,7 57 119,9 7,8 10,4 16,4 376,3 15,8 340,2 41,8
0 ' Donaldson Dam 1758 6,32 323,0 70,0 56,0 4,3 1,9 23,0 1250,0 0,0 29,4 0,0
KLIP RIVER
lo. Source TS pH ca Mg Na K. s1 c1 so, HCO, NOy
L Irrigation furrow 806 - 7,75 99,1 63,0 32,7 1,8 10,9 23,4  416,1 162,9 6,8
in Peat ~ . '
Stagnant water, ex= 853 6,63 102,9 70,9 41,0 - 1,1 6,3 30,5 . 431,0 165,9 9,3
cavation in Peat ) ' ‘ .
River water, brown - 948 4,39 192,4 35,0 29,3 4,7 3,0 26,2 © .634,3 1,1 24,7
River water 1 420 6,77~ 266,46 61,0 53,8 - 6,0 2,1 32,9 938,8 51,6 9,2
Average river water 285,0 59,0 50,0 2,0 . 22,5  840,0
, SOUTH ROODEPOORT MINE EFFLUENTS
. Source . DS pH Ca Mg Na K o581 c1 50, HCO, NO4
South Roodepoort 605 7,06 72,3 31,3 60,8 2,3 9,1 18,9 354,7 50,3 S,b'
G.M. Effluents )
Irrigation daa 545 6,97 68,5 29,5 55,2 2,6 3,4 16,7 344,7 21,5 3,1
. 'f - . L
Irrigation furrow 585 6,94 71,6 31,2 60,8 2,8 "-8,0 18,7 347,1 39,3 5,1
Small irrigation dam 516 6,74 ) 66,0 30,0 55,5 - 4,0 3,3 17,6 © 318,7 | 20,6 0,0
" Fara danm 452 7,23 57,2 25,2 50,8 ° 5,4 3,4 18,6 .271,5 18,7 0,7
Recharge excavation 532 7,09 66,8 30,3 59,8 3,1 6,8 18,5 321,2 22,6 3,2
7/
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reclaimed 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

Borehoie‘waters<sampled near the Wonderfontein river and assumed

to be a mixfure of aquifer and effluent ﬁate:. Samples from

boreholes XW6, LVP8,: GB13, 2WB2, 2WBlL, LVPl, W136, Mg3, G1498 .

‘and W137 (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 drainagé previouslyitQOR place. Relevant

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

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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Fig. 5.4

CHEMICAL CHARACTERISTICS OF THE VARIOUS GROUPS OF WATER . AND SUGGESTED MIXING

PATTERNS. : . .
’ STIFF DIAGRAMS OF WATER TYPES

Group E, water pumped .at Zuurbekom, is a mixture of Groups A and C. Group D is likewise a mixture
of A and B.
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comparing the first ten analyses in Table 5.3 with the
remainder. In - a simple, completely confined aquifer, this
enrichment would be exclusively due to leaching of the aquifer
material and would be dependant on the intensity of interaction
of groundwater with the aquifer rock. Intensive interaction is
a function of time.‘ A longer reaction'period is achieved either
due fo distance covered, or to flow restrictions encountered.
In the case under study, because of the intake df recharge in
patchesv all over Athe area, additional. contributions of

bicarbonate salinity may be expected from socil water along the

groundwater flow route.

When mixing of groundwater with infiltrating effluents 1is
considered, another chemical process 1is significant: By the

. , ++
entry of CaS0O,-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 calcite and gypsum 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 parameter
for the quantitative evaluation of contamination. 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 Dboreholes,
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:

in Zuurbekom Compartment collected during 1979-1980, in mj.lligrams per litre

5T

" Chemical analyses of groundwater from newly-drilled boreholes and from various other water sourcés

—

\\“ — v —
EXPLORATION BOREHOLES (*SAMPLE OBTAINED BY PUMPING OR AIR DRILLING)
Source Date TD$s pH Ca Mg Na K Si Cl SOI‘ HCO3 NO3
N46 1.8.79 582 7,35 72,6 46,8 22,3 1,2 8,9 25,1 337,3 68,1 0,0
N32% 7.8.79 174 7,58 23,6 16,1 1,6 0,8 8,1 2,1 15,5 103,8 4,4
NL7A*  14.8.79 264 7,41 32,4 23,2 5,0 0,5 0,0 6,5 23,8 165,5 7,3
N31#* 17.4.80 187 7,50 27,5 14,5 3,7 0,7 9,1 1,5 5,9 122,4 1,8
N29 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
N23 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 T 24,6 28,6 2,7 1,0 0,0 3,9 43,0 153,2 2,5
N21* 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
N43 <. 29.11.79 207 - 7,90 19,8 21,2 - 7,3 1,5 2,3 7,5 11,5 135,9 0,0
N4b 1.10.79 50 6,34 4,7 2,9 1,6 1,3 4,7 4,2 3,0 26,7 0,9
N4S . .12.9.79. 14 7,83 0,7 1,1 1,6 70,5 0,0 1,3 0,0 8,2 0,8
34 18.6.80 142 7,30 16,6 12,4 " 3,9 2,0 2,7 3,3 14,5 86,7 0,1
2 9.5.80 67 © 5,60 5,5 4,1 2,4, 1,3 4,6 2,9 9,1 30,6 . 6,6
4 .6.6.79 442 7,40 63,5 31,0 3,5 1,3 4,9 4,9 45,7 287,3" 0,3
39 6.6.79 294 7,99 36,9 23,6 2,9 0,7 4,2 4,0 1,1 218,9 1,2
15 5.6.79 87 7,80 12,1 5,4 1,4 4,9 0,2 0,9 0,0 62,3 0,2
38% 18.6.79 148 7,69 17,9 11,4 1,4 0,4 ‘7,6 1,2 7,8 96,3 4,4
12 26.11.80 194 7,10 20,0 21,8 4,3 1,0 9,8 2,1 12,8 121,6 0,1
6% 15.12.80 = 587 7,20 95,3 48,3 17,1 1,3 7,5 10,9 321,5 83,8 1,4
4% '18.11.80 ° 69 6,50 ~ 7,8 5,7 1,4 0,6 4,9 0,8 4,4 43,4 0,4
MINE WATERS ARTIFICIALLY RECHARGED THROUGH BOREHOLES

urce Date TDS pH Ca Mg Na K . S8t cl S0, HCO4 NO4

ar 1WBl ©14.11.79 977 7,44 90,3 7,7 164,6 7,9 10,1 18,5 465,5 51,1 160,8

ar sewage pan 8.5.80 . 1346 5,80 167,3 27,5 221,0 15,0 10,0 34,2 686,1 62,3 122,8

MINE EFFLUENTS

urce Date TDS pH Ca Mg Na K si cl 5o, HCO, NO4

Wonderfontein R. 18.7.79 841 7,19 77,4 6,9 157,1 8,3 9,1 15,3 464,8 sz,i 50,1

rigation supply 18.6.79 803 7,30 56,8 6,9 150,5 6,3 9,5 15,0 401,1° . 48 3 1054
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SEWAGE WATER

Source Date TDS pH Ca Mg Na K © st cl “SO;“~« HCO3. _NOg
Sewage pan 9.10.79 1606 6,21 260,64 47,5 201,7 16,9 11,9 24,6 855,6 7,9 179,3
SLIMES DAM WATER
Source Date TDS pH Ca Mg Na K si Cl 50, HCO, NO4
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
SUPPLEMENTARY DATA FROM EXISTING BOREHOLES
?ource ‘ - Date TDS pH Ca Mg Na K Si Ci SO4 HCO3 NO4
17 ’ 14.11.79 74 6,62 7,9 4,0 ° 1,9 0,7 3,5 0,4 1,2 54,3 0,5
C1MD2% ©14.11.79 141 7,20 17,1 8,9 1,9 0,5 - . 6,2 1,1 0,6 98,0 6,6
WBL* © 7 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°
WB4 * 11.12.79 1383 7,30 231,6 92,0 44,5 3,2 - 9,5 26,7 - 906,7 60,1 9,0
bv2 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
ource vDate TDS pH Ca . Mg Na K Si Cl SOA HC031 N03'
bint of 1ssue 10.7.79 392 7,46 51,1 32,4 7,9 1,9 6,5 6,7 85,9 196,9 2,2
oint 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
wnstream . 7.8.79 400 7,60 54,5 30,4 9,4 :',5 4,6 7,9 87,9 203,2 0,6
int of. issue 29.10.79: 406 7,76 56,4 26,2 7,5 0,4 7,0 5,3 79,2 222,7 1,6
int of issue 22.5.80 388 7,30 55,1 32,3 6,6 0,6 7,7 6,7 97,9 180,7 0,2
KLIP RIVER WATER
urce Date _TDS .pH  Ca Mg Na© K si cl $0, HCO3 N0,
hannhesburg Road 10.7.79 1649 7,864 317,2 73,7 57,5 11,3 2,3 . 50,5 1041,9 82,1 12,0
hannesburg Road  22.5.80 1476 6,90 295,4 65,6 59,5 4,7 5,1 34,8 957,9 51,6 1,8
wnstream aixer . 22.5.80 1436 7,00 - 284,0 64,9 59,5 925,7 56,7 1,5

5,1 3,9 34,2

~ v .
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Borehole N46 drilled east of Zuurbekom Compartment's boundary,
indicates conatamination of the Klip River Compartment by river
effluents, this 1is supported by water analyses of private
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

-5 2
area of approximately 107m . The composition of the water

has also been presented in Table S.Af Presently purified sewage
is allowed to flow into the Wonderfontein River and this site

has been abandoned as far as sewage water is concerned.

Slimes dams were counstructed at the northern edge of Cooke

Section lease area. Theseb dams have been in operation since
1978. Analyses of water samples appear in Table 5.4 and7give an
idea of the order of salinity involved in slimes dams, to be

discussed at a later stage.
Hydrologic assessments

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

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 compartment, namely iq 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 1is restricted to‘a small area where

groundwater is of the influent type. It is also maintained that

" this _cdntamination is a rather recent development, caused by

intensive localised 'pumpége by Cooke Section Mine;' and could

therefore not account for the observed long-term process. The’

second " source consists of effluentsvfrom‘South Roodepoort  G:M.

- which are being spread on the surface‘in/the upstream area' and

utilised for irrigation. As . stated before,A 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 highest. The total annual

~ 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 109 x 80 mg/1l = 800 x 109 mg. In other words, salinity
derived from this source ecouvld only‘vaccount_ for part of the

salinity observed at the‘discharge\ﬁbiﬁt.”-Aq additional source’

- of contamination is therefore sought further downstream.

Bearing in mind however that the previously discussed source of

salinity injection 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
presents the best 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 aséume
that previousiy. somewhat smalier amoun;s .of 0,5 x 106m3/year
had been aEstracted at this mine. The above-mentioned
stabilised salinity observed enables an approximatébestimation
of the annual natural recharge as follows:
320 mg/1 x 0,5 x 109 1=1,5mg/l xXx 109 1

_ 320 mg/1 x 0,5

_ 6 3
T5 ma /1 = 10,7 x 10 m™/year

X

In considering a suitable model’ to explain the additional
salinity observed at the discharge point it is noted firstly
that no lowering of groundwater table has been noticed during a
considerable period, and secondly that - salinity development
appears to follow an exponential trend. Annual_sulphate values
were plotted on semi-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 109 dg.“Eulphate~ 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, one along the Klip River bed,
.upstream of station C2M39, still in the studied compartment, and
the other the Klip River Dolomitic Comﬁartment which extends'to
the eést of the studied compartment. .In béth cases it would be
A‘eXpected that thé raw surface effluent$~of 850 ﬁg/l sulphate be
dilutea with aéuifer 'Qater, the second ' alternative hovever,
would'mean-infipw of groun&water via the diabése boundary dyke.
The water sample obtained from b;;;hole N46 (Table 5.4), and a
series of additidnal groundwater samplés céllected'iﬁ Klip River
Compariment and mentioned Before,'prove beyond doubt that this
unif‘is already contaminafed, at‘least in the vicinity of the
river. Yet the overflow from Zuﬁrbekom Compartment at the Eye
seems to exciude 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 C2M39, it seems most

likely that this is the source zone Jflséiiﬁity to the system.

It should be kept in mind that the salinity of the effluent
generated at South Roodepoort G.M. has not been observed
regularly for a long period, as would be required to arrive at

average figures. If, for instance, it is found that the

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




64

effluents from different gold mines, then the calculation of the

natural replenishment has to be adjusted accordingly:

9 400x0,5

400 mg/le,leOgl = 15 mg/1xXx10"1 x = B =13,3x106m3/year.

The percentage of percolated annual natural recharge out of
total annual rainfall may also be calculated as follows: The
average annual iainféll for a period of 10 years, 1969/70 -
1978/79, at rainfall Station 475/528 amouﬁts to 690 mm. The -
area involved extends over 92,25vkm2, and includes sectors C,
E and .part of B which under natural conditions would drain to
the Klip River Eye. The natural underground flow regime has
- lately been affected locally through bumpage by Cooke SEction
Mine. These changes wére ignored because the balancé reflects

an average over many years. The total rain volume is thus

0,69 m x 92 km2 = 63,5 x 106m3. The  annual recharge =
10,7 x 1O6m3 or 13,2 x 106m3. The percolation
percentage will therefore be in the range of
10,;3x5100 - 16,8% to 13,2 x 100 _ 20,8%.
b

63,5

These are somewhaf high figures compared to 12,8% 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 16,87 - 12,8% = 47 is due
méstly_ to inflow from the Klip River. Quantitatively this
contribution

10,7 x 106m3 x 4

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

16,8
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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
ad jacent Venterspost Compartment. The area involved, sectors A,

D and part of B, (Figs. 5.4 and 5.5), covers 37,75 km2 and by

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

37,75 x 106m2 x 0,69 m x 13

_ 6 3,
100 = 3,39 x 10 m” /year.

. For the purpose of storage calculation a model: is suggested
which is analogous to the one described for the Turffontein
areé,'(Part 9), modified to account for the exponential salinity

development observed in Zuurbekom.

Supposing that inflow to the aquifer equals outflow, then from
equation (2) of the = model, (section 9.9), one derives
vdcC
Fr- = CQ -

where Vrdenotes the storage of the aquifer, C the céncentration
of contaminant ip ‘the aqqifer as.measgred at the outflow, CI
the concentration of the contaminantA-in ‘the inflow to the
aquifer, Q the inflow and outflow and t time. This equation
describes the \bonserVation‘ of mass of contaminant in the

aquifer. Thus, if (from Fig. 5.16) the concentration of the

contaminant increases exponentially, i.e.

~

EE

C(t) = a exp (bt) -

For some parameters a and b one derives

c () = ﬂ_g_"_b) exp (bt) = Q_JfQ_‘Q c(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 line
with the same slope. Furthermore, if the source contaminant
CI is known at some time t, since a and b are known from

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

Ci(t) C(t)
L —bt) - = I _
\Y b 3 exp (-bt) 1 b e 1
Klip  River infiltrated water, of the order of

2,5 x‘106m3/year, ~contributes most o0f 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 bésed on the
assumption that since then, and due to the discharge of
effluents into this water céurse, 5ulphape 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 infiuent section of the river
is required. Unfortunately no such data is available. Some
idea about the expected concentrations in boreholes can be
deduced from analogeous conditions in Sector B. Although this
information is insufficient for reliable calculations, it may

nevertheless serve to present the method.
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o C1(®) »
Vv = IO 1 sy b is found from Fig. 5.16
log 90 - log 20 = 0,6532; b' = 94§§§3 = 0,036
b' 0,036

B logloe - 0,434 0,0829

Assume an average salinity in boreholes near the river =

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

10, 7x10°1x15mg+2, 5x10°1x400 16041000 1160
€ (e) = 10 7910°1 = T710,7 " 10,7

10,7 109 1 =129 [1,26 - 1] = 129x0,26 = 33,6X106m3-

= 109 mg/1

V= G,0829 86 -

This sforage refers to part of the aquifer only where complete
éhemical mixture is a prerequisite as delineated on Fig. 5.13.
In the case under discuséion tHe surface area of this portion is
approximately 19vkm2. The saturated thickness of the aquifer

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

34 x 10%° x 100 34 x 100 _

- = = 37
19 x lO6m3 x 60 m 1140

S:

Results from pumping tests

Table 5.5 sums up the results of the various pumping teéts in
Zuurbekom Compartment. Six ‘sites were selected for the
performance of interference tests, N4, N6, N12, N38; N21 and N32
(Figs. 5.1 and 5.12) and for this purpose the drilling of
observation boreholes 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.
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’ 2
TABLE 5.5: Aquifer constants obtained from pumping tests-T in m /day

and S dimensionless

Method Theis Jacob Res. Recovery Remarks
recovery
N4B T 378 407 416 - Pumping borehole

.o - - - Q max=92 Q test=89

T 425 450 365 - Observation

N4A " " ‘
S 5,7x10 5x10 ’ - T = 62,35 m
' T 315 391 ~ 365 ) - Observation
N& . 3 . _3 _ e on
4,9x10 ©  3,4x10 - - r =29,87 m
N12B T 20;6 - 21{9 20,3 - ~Pumping borehole.
- - - S Q max=59 Q test=54
wiga T515 N 608 n 465 - Observation
: 1,7x10 1,3x10 - - - r=658ln
T 313 465 377 - Observation -
N12 , 3 3 . » Serva
8,5x10 .6,5x10 - - r = 50,56 m
NGB T - - 29 166 27 898 Pumping borehole
' Q max=193 Q test=146
N6 T - - - ‘20-651;'i.‘0bservation
r =21,20 m
N6C T - - - 29 166 - Observation

r = 43,74 m
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A

T - e
Method Theis Jacob Res. Recovery Remarks
recovery
N32 T - 328 444 - Pumping borehole )
- - - - . Q max=108,1 Q test=97
N324 T - 5'015 ;3 4 634 5'329 " Observ§tioq
- 7,5x10 1,8x10 r = 29,78 m
N32B T - E 4.263;_2 4 394 5 6032 o Opse;vation'l I
: - 1,2x10 1x10 r = 56,88 m
N29 T - . 261 . 267 256 N Pumping borehole .
Q max=92,1 Q test=74,7 .
N31 T ‘ - 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,interfefence test..

Q in m3/hour.u




70

At two sites, N6 and N21, phreatic conditions prevail.. . In the
case of N6 no confining strata were encountered while at N21 the
impervious layers 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 ;ong enough - pepiod of time, a néar steady state has been
reached which can as well indicate characteristic semi-confined
conditions of a leaky gquifér.’v Knowing the 'local géologic
set—up; it is very difficult to assume vertical leakage at these
sites and one is inclined #o explain the observed phenomena as
due to tranéition of thé 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 1is
noticed in the case of N32 ‘ﬁhéte ' thé apparently low
transmissivity may be linked with partial penetration of this

borehole into the aquifer.

The storage coefficient varies 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,
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Measurements obtained from boreholes at the same §ite could not
be combined for interpretation purposes, and results from each
borehole 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 one i.e the‘dischatge at
tﬁe pumping'boreholés was too small and insufficient to cause
big-enoughndréwd0wns. This 1is the reason th;t no results. are

available from site N21. - Another example: At borehole 6B,

"while devéloping,» air 1lift pumping at a vrate of 193 m?/h

affected the water table in a 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,la subject which will be discussed elsewhere.
Conclusions’

The Zuurbekom Compartmept displays-'a rather intricate set-up due
to the internalAsubdivision into smaller units: ¢uv the one hand,
and the pércolation of recharge waEéiTthfougﬁ the river‘bed on
the other. This is further complicated Sy'human activities such

as pumpage and contamination.
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It appears from this stddy that a serious ménagEmént problem is
to be dealt with. The present groundwater abstraction exceeds
the estimates of natural replenishment. The Rand Water Board is
pumping 10,5 x 106u9 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 natural recharge

found is 10,7 x 106m3/year.

A wide range of variations in transmissivity has béen observed
whichlpoints to the heterogenic and anisotropic cﬁaracter of the -
studied aquifer. Low lateral tranfmissivity could also account: -
.for theiunidue 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.
from a closed system of the -aquifer as monitored at a spring,
consists of oﬁly a part of the annuai replenishment, the‘balaﬁce

: affects the annual discharge for several years after the intake.

Storativity coefficients obtained from the pumping tests also

show a wide range, even of the oraéfpbf'magnitude, reflecting

local conditions. Storativity coefficient of 3% arrived at
through the chemical mass balance is somewhat less reliable
because of thelmany assumptions which had to.be‘made, yet the
areal sector where this balance was made is highly deveioped due
to the natural groundwater flow regime, and is therefore most

probably highly porous.
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As for prospection methods it has been proved that residual
gravity could indicate favourable drilling sites in the sense of
striking groundwater 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 1is concerned, but it 1is not applicable in discriminating
between é fissured, jointed zone on top of the solid dolomite
and the densel rock ‘below. This zone. often contributes
considerably %o the intake ahd 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 reviséd 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 C It is

1"
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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ENVESTIGATION OF GEMSBOKFONTEIN COMPARTMENT = —_
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General setting

The main dolomite outcrops cover an area of 84 kmz. Farther
south some additional 16 km2 of dolomite inliers occur as
faulted Qutcrops surrounded by relatively impervious Pretoria
Group beds. At least - part of these ' inliers - are
geohydrologically kconﬁectedg with the main aquifer body. The
total éufface area - ofv proven aquife; ‘is 90 kmz. Tﬁe
éompartment is delihgg;s%ﬁyy ;gther impermeablejboundary dykes:
(Fbldgr*6.1); To théigguth‘éohfining’strata'of Pretoria Group
o?eflie tﬂe dolpﬁite; :The'équifer rests on a highly dirregular
upper surface of the dolomi;e bédrock; Réiics of Ecéa
sediments; in depressiéns; escapéd later - erosion and occur .as

detached remnant outliers. All rock formations are concealed

under soil cover of varying thickness.

Ground surface slopes gently ' northwestwards, to  the
Wonderfontein VRivér and northeasterly to the Klip River,
separa;ed by a surface watef dividé. The "Wonderfontein River
runs through the northern corner of the compartment. Donaldson
Dam, on the same river, is located on both siaes of the dyke
boundary. Iﬁ the southern parf bfﬁfthe compartment, Western

Areas and Elsburg Gold Mines have areas under lease.
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Before large scale artificial groundwater abstraction commenceq,
a water table contour map; derived from a few measuring points,
showed a low gradient towards Gemsbokfontein Eye (Folder 6.1).
The annual discharge at the Eye used 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, dué mainly to intensive mining activity there.
Geohydrological observations have been made over the lést yeérs
but no évaluations ﬁave.been undertaken. APriority ﬁaslgi§enj£o
engineering geology;kiqe. problems related touginkhole fﬁrmation

"and land subsidence. .

. 6.2 Previous work

.Geohydrological aspects of -the combined Gemsbokfontein and

Zuurbekom Compartments. were described by Enslin and . Kriel
(1959). A figuré of 7,9%Z.0f the average annual rainfall waé
found to percolaté into the unéergrouﬁd water.. Thié assessment
- was derived from a water bélance based .on gauged and estimated
surface water flows, comparedeith‘discharges at the eyes and-

pumped amounts of Zuurbekom Pumping Station.

~ .‘7 ':'-‘ .



6.3

76

Recent geohydrologic conditions T _

Up to 1966 groundwater abstraction by the mines was around
40 x 103m3 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 drastiéally as a result o% an infloy ‘to
Western Areas‘undergroun& mine WOrks,‘as can be seen in Fig.
6.1. Within a period pf 26° monthé; 1/1971 to‘ 2/1973, an
accumulated amount of 24;320 X 106m3; was pumped from - thé
cpmpértment; and a'negativé baléncg déveioped. The results of
this deficiencyrwere fwo—fqld: ‘A considerable 1owering’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 previously had a.shallow'water table.

The danger of collapse of the .highway and .railway line from

Johannesburg to Potchefstroom, crossing the compartment called

for urgent measures. The policy adopted 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,.. tn overcome the deficit. The surroundings of the -
Eye were used as spreading grouﬁaéfifof artificial recharge.

Later, recirculation coupled with natural rechargé succeeded in

raising the water table to "normal" levels.
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MONTHLY HYDROGRAPHS OF GROUNDWATER LEVELS IN BOREHOLES,

GEMSBOKFONTEIN  COMPARTMENT, GONTINUED TO PAGE 84
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Simultaneously, a detailed gravity survey was undertaken by the

Geological Survey to delineate "weak"” =zones where subsidence
might be expected. In the course of that survey, 76 boreholes
were drilled in order to verify geophysical interpretations. In
some of these boreholes casings were inserted so as to be used
for water level observations (Folder 6.1). In a few of the
observation boreholes, automatic recorders were installed. 30

Observation boreholes were operating in 1977.

No complete groundwater level records are available for the
period preceding the overpumpage. The fluctuations expected in
water table elevation over a period of many years, under normal
natural conditions, do not exceed 2 metres, 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 level 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 were

higher than the levels expected if only the regional aquifer was
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penetrated, and could poésibly represent a mixture~of water from
two aquifers. Borehole MD34 is however open to the regional
aquifer as shown by the fact that between 3/1973 and 12/1974 an
adjacent sinkhole had been recharged by an amount of
9,5 x 106m3, and thé water levels in MD34 responded

respectively, (Fig. 6.23).

It can be noticed in Fig; 6.27 that all through thig period of
restoration of hydrological conditions, distinct "highs" may be
traced; one in vthe vicinity .of Donaldson Dam; in the
‘northwestern corner of the .Comparfﬁent; and the other in the
centre-of.the investigation unit. The central grbundwater'mopnd
: suggests‘ the presence of a gréundwater divide. Part -of the
"underground, - flow drains aCcordingly eastwards.. ~ This
interpretation is also backed. by a possible éXtenéion of‘a dyke
boundary, "detected Aa;‘ Cooke ' Section  ‘Mine in Zuurbekom
Compartment (Folder'6.1, Figs.‘6g27 and 6031). A comparison of
hydrographs from boreholes on-the eastern flank of this divide
(Figs. 6.17, 6.21 énd 6.20) with those on the western flank
.vduring 1977-1978're§eals a distinctly different behaviour. It
T is thus‘concluded that thiS'compartﬁent is subdivided -into two
.separate geohydrologic units, ﬁhe western part extending over a

surface area of 64 km2 and the eatern oveﬁ 26 kmz.

- ‘r‘ 0.
Intricate geohydrologic 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 1in Venterspost Compartment, Section
7.4, 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 Gemsbokfontein

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 as
penetrated in each Dborehole. An isopach map could not be
attempted due to an inadequaté .ﬁumber and unsatisfactory
distribution of boreholes. Superimposiﬁg a groundwater comntour
map on Fig. 6.28 displays that the aquifer is phréatic, becoming
confined in some parts. The presence of Ecca shales outliers
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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Water quality T

Water samples (Table 6.1) were derived from four sources namely
(a) Boreholes, (b) Water artificially recharged by Western
aréas G.M. through boreholes (recirculated water), (c) Water
taken from Donaldson Dam sampled at Station C2M24,. (d) . Water
samples taken at Station C2M25, which include a combination of
overflow run—off from . Donaldson Dam .- and discharge . from .

Gemsbokfontein Eye.

There are nd pumping boreholes in the compartment énd-in only
five observation holes there is access ‘to sample 'groundwater.
Samples were also collected from three: boreholes located in the

western sub-compartment.

As stated before in Section 5.6; the sulphate ion concentration
may - quantitatively indicate the ~amount of contamination
prevailing in. the aquifer. This approach is based on the fact
that mine : effluents rich in sulpﬁates constitutes the major
cdntﬁminant. On the.other handfgr§undwaters in the investigated

area are undersaturated in respect of gypsum.

Samples 1, 2 and 3 (Table 6.1) of water being recharged through
boreholes into the aquifer by Wg&ﬁé;h" Areas G.M. are highly
contaminated. Between 457 and 85% of ‘the ~water brought to
surface at the mine is artificially rechafged. The fécharged
quantities involved are Dbetween 1,2 .band 2 x 106m3 per

month. Obviously in the 1long run, a serious contamination

hazard can be expected.




E—
dlyses of waters from Gemsbokfontein Compartment, in milligrams per litre ) }

No. Source Date TDS pH Ca Mg Na K s - cl SOI‘ HCO3  NO4
1 Arvificial recharge 24.11.76 1220 6,4 227,0 62,0 32,5 3,8 7,9 18,0 810,0 0 59,3
2 Western Areas 17.1.80 1024 7,2 207,7 49,7 26,6 - 3,7 8,1 11,1 663,6 53,4 12,5
3 G.M. 10.3.80 1202 4,4 238,1 54,6 34,6 4,1 14,0 10,7 83,2 0 9,5
4 Borehole C.P.16 © 20.2.80 342 7,6 . 49,5 26,0 13,5 8,4 O 11,5 62,6 167,6 2,7
5 Borehole RW461 20.2.80 166 7 14,9 18,0 1,7 1,6 © 3,6 16,4 108,5 0,8
6 Borehole G1130 19.2.80 1041 7,8 72,8 92,5 . 41,9 29,5 O 25,2 . 40,7 735,9 2,8
7 Borehole G1130 20.2.80 1076 7 72,8 90,9 43,2 29,7 O 27,1 41,7 723,2 47,8
8 Borehole G1133 20.2.80 415 7,3 55,6 35,9 6,8 ~3,4 0 6,0. 0,2 305,3 1,5
9 Borehole G1128 20.2.30 100 6,9 7,3 6,5 11,9 3,9 0 22,8 14,4 32,7 0,6
10 Borehole RW455 . 20.2.80 188 7,4 18,5 11,6 20,3 0,3 O 33,4 11,3 93,0. 0
11 Borehole RW456 20.2.80 117 7,4 7,6 16,8 2,1 0,8 0 3,2 4,4 81,8 0
12 No. 1 Well 8.1.80 499 7,2 58,0 S4,6 12,7 0,9 0,5 15,2  308,0 48,6 0
13 No. 1 Well . 29.1.80 514 7,3 60,6 52,5 13,2 1,4 0,8 12,0 . 316,0 56,8 032
14 No. 1 Well 12.2.80 549 7,4 . 66,6 54,5 13,1 © 1,2 1,6 49,0 290,5 72,4 O NG,
15 No. 1 Well 22.2.80° 685 7,2 102,4 58,8 16,0 ~ 0,9 0 5,8~ 386,4 114,2 0
16 No. 1 Well ‘12.3.80 634 7,4 92,4 53,6 12,7 1,1 7,7 13,7 333,88 117,6 1,4
17 ponaldson Dam C2M246  24.11.76 1758 6,3 323,0 70,0 56,0 4,3 1,9 23,0 1250,0 0 29,4
18 29.1.80. 1206 5,2 235,3 42,5 57,4 10,4 1,8 34,4 820,6 O 4,0
19 12;2.80 1312 5,0 238,4 47,5 75,0 9,5 1,5 32,4 902,0 0 5,8,
120 . 27.2.80 1329 5,4 265,0 44,4 68,0 9,0 0 35,3 © 901,1 . O 6,0
21 Gemsbokfontein Eye 24.11.76 1582 7,0 278,0 71,0 53,0 3,1 2,8 20,0 1120,0 18,0 16,3
22 C2M25 29.1.80 1195 5,8 ~232,5 43,2 57,4 10,2 0,3 34,7 813,9 0 2,8
23 ' 12.2.80 1271 5,2 232,4 48,6 73,7 9,2 0,8 37,2 839,7 24,8 4,3 | /
24 27.2.80 1347 4,7  266,5 46,4 68,1 8,9 0 35,8 914,90 5,9 . /
|
t
f
[
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Groundwater contamination may be detected in—~ a— sample_ from

borehole CPl6(4) and to a minor extent in borehq&e RW461(5).

The composition of Donaldson Dam water 1is 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 - ﬁater, constantly
percolates into the subsurface.  This assumption is backgd by
the coﬁposition of groundwafer' encountered at- boréhole G1130,

samples 6 and 7.

The quantitigs qf ‘water gauged.«at Station C2M25 are’ since
12/1976’in,excess of the overflow: from Donaldson Dam, as gauged
at Station C2M24. . Thié ipdicates ‘some - discharge through the
eye. It is assumed ‘that groupdwater' discharged 'at the eye
consists practically ail ofugroundwatgr.frqmvZuurbekom'(seétor
A) together with some infiltrated.Aam watef which..re-appears at

the ‘eye outlet.

A series of samples from No. 1 well, .located 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 Station C2M25 is
intercepted and .carried in pipes}‘{it"is ‘éoncluded that the
éalinityvobserved at No. 1 well demonstfateszgroundwater inflow
from Gemsbokfontein into Venterspost Compartment via the
sub~compartment. The source of abo§t> 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 rainfall, 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 aé positive. A
horizontal line designafes zero change while amounts shown above
or below refer to changes of water volumes into aﬁd 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;‘Aoutflow at the

eye is also included.

Effects of renewed extensive‘pumpage; which_started in 3/1978,
may be fraced on the hydrographs as abrup£ drops. The result of
the over-pumpage deficit 'is sﬁper-imposed on a slightly
declining trend’due to.the.l9w,rainfall season of 1978/79. It

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

: despite a large deficit in the aquifer, water levels continued -

to rise. This would suggest that the period of replenishmenpfié
not confined to the rainfall season, but practically extendé
be&ond it and considerable amount§:f€écﬂ'the water table at a
much later‘ stage. The exceptionally ‘wet season of 1975/76

reveals this rather prominently.
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MONTHLY GROUNDWATER BALANCES
RECHARGE - (PUMPAGE+SPRING OUTFLOW)

Natural recharge not considered.
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MONTAHLY GROUNDWATER BALANCES
(RECHARGE - PUMPAGE)

Natural recharge not considered.
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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 combiqation of natural and

7

artificial Trecharge - succeeded in . restoring hydrologic

conditions-in the aquifer. It is assumed that pért 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 reéulted in inﬁréased recharge rates. A rise of
the water'tableuabove normal elevation is typicél.. Highei
water levels at Donaldéon Dam reservoir have, most probably
affected the éercolation rate and more influx of dam water
has reached the aquifer. Groundwater inflow. from Zuurbekom
(sector A) has also been very high during this period, 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 trend 1s 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 CZMZS; do not allow a proper quantitative

study of this period.
Rate of natural recharge

From a few water levei‘hydrogfaphs of boreholes (Figs. 6.8, 6.25
aﬁd 6.24) ‘whefe continuous records Are available it may be
observed thag'the period 30.4.72 to 30.4.76,includés a cycle of
dewatering followed by a period of remedial ‘recharge. Water
levels at tﬁe beginning and at the end of this period are at the
same elevationf This period was selected for water balance
calculations; from which an estimate éf the rate of natﬁral

recharge could be made. The quantities involved in this balance

are as follows:

. Discharge from the aquifer in
6 3
10 m

Recharge into the aquifer in

106m3

Pumpage by Western

Areas G.M. 91,494 377
Pumpage by Elsburg G.M. 4,027 000
Discharge from Eye area 0,373 245

TOTAL ' 95,894 622

Rechargingfboreholes | 56,848 227
Rechargekthrough'sink=

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

TOTAL 73,724 926
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95,894 622 - 73,724 926 = 22,169 696 x 1O6m3 = The deficit

fully accounted for by natural recharge. The estimated monthly
natural recharge is therefore:

22,169 696 x 10> : 48 = 0,461 869 x 10°m>

: 3 6 3
and the annual recharge, 0,460 x 1O6m x12 = 5,5 x 10'm™.
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 x 10%° x 100 _ 5,5 x 100

0,675 m x 64 x 106m2 43,2

=12,8%

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 into 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=

| holes 0,718 777
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

0,462 x 1O6m3 x 24 months = 11,088 000 x 106m3.
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The amount of total recharge is thus:

46,776 487 + 11,088 000 = 57,854 487 x 106m3.

The balance: 57,854 487 - 54 060 116 = + 3,794 371 x 10°m>.

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 planimefering the .various segments, west of the

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

is 168,4 x 106m3. The storage coefficient may thus be
derived:
3,8 x 10%° x 100 ]
3 = 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 complete

understanding of the investigated unit.
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The major problem of wuncertainty 1lies in the area of
Gemsbokfontein Eye. In this area  groundwater from Zuurbekom and
from Donaldson Dam overflow into Venterspost Compartment (in the
form of groundwater and surface water). Some of the
replenishment of groundwater in Gemsbokfontein Compartment comes

from this source too. It is however possible that this system,

to the north and around the eye, is mainly feeding Venterspost
Compartment. If .this bé. the case, then water recharged :or.
discharged at the eye, may have .very little bearing on the
balance of Gemsbokfontein Compartment.. It may thﬁs be
" speculated that artifigially recharged water at the eye point
during period (b), between 2/1973 and 1976, could have affecﬁed

Venterspost rather than Gemsbokfontein Compartment.

By neglecting the dischatge 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

. . 6 3
natural recharge, the deficit will become 29,48 x 1O6m

which divided by 48 months yields an amount of
0,614 x 106m3/month as natural recharge. ‘This recharge
includes a constant groundwater contribution from the eye

system. The annual natural recharge will increase accordingly

to 0,614 x 1O6m3 x 12 = 7,4 x 106m3. Expressed as

7,4 x 1O6m3 x 100

168 x 106m3

percentage of the total rainfall volume =17,8%.

By similarly disregarding the quantities around the eye in the
second balance, for the period 30.6.1974 - 20.6.1976, the
6 3

accretion is 5,45 x 10'm and the storage coefficient may

therefore become:
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6 3 S
5,45 x 10°m 9

e 3,2%
168 x 10 m

Conclusions

It .is obvious as..a : result of the current study that

Gemsbokfontein Comparimenf. presents a much more complicated

%

geohydrologic:éet-uﬁi€Hah previously envisaged.

The boundadry dykes~fnitiéllyméssumed to be impervious, allow at
certain parts an - inflow from Zuurbekom Cbmpartment and an

outflow into Venterspost Compartment.

Surface water. stored -at Donaldson Dam plays an important role in

. groundwater replenishment bofh qualitatively and quantitatively.

~+The. recharge of Geﬁsbokfontein'Compartmentzconsists of a complex

combination of natural replenishment from rainfall plus inflow

from the eye system area. The general rise of water 1levels

during the period (c¢) 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 boundaries. 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 - Woﬁderfontein River runs from east to west of .the
compartment .in its central section (Fig. Z.l). Sinkholes,
depressions and grouhd movements abound in this part of the
compartment, as ‘héé been shown by ‘a2 detailed investigation

conducted by Venterspost Mine (Fig. 7.2).

Before man's interfefence through mining and puﬁpage the depth
to water level in this éentral part used to be‘rathet shallow.
Natural discharge of groundwater from this compartment emanated
through an eye, situated on the western boundary dyke, with an
avercge annual discharge of 7,6 x 106m3, (Enslin and Kriel,
1967). This eye ceased flowing in 1947 as a result of pumpage.

The average annual rainfall for the period 1965 - present 1is

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 underground. The water pumped out by the mines
originates from the upper weathered-rock-dolomite aquifer and
reaches the underground workings through conduits such as
faults, fractures, brecciated zones etc. Annual pumpage 1is

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

Enslin and Kriel <l959)‘ calculated storativit? in this
compartment 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§,75%
to 9,06%. It was shown léter, by the same authors (1967), fhat

storativity decreases with depth from 9,1% to 1,3% at depths of

. 61 m to 146 m respectively. Eﬁslin and Kriel determined the

recharge during '1952-1958 from groundwater and surface water
balances. The total annual recharge into the'compartment was
estimated at 9,5 x 106m3. Of this total,. the recharge from
raipfall only, was 5,6 x 106m3 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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Groundwater abstraction from this compartment has been going on
for many years. Water is brought to surface through the shafts
and is also being pumped from several boreholes. Records of
pumping, monitored by the mines are available. Some
inconvenience arises from the fact that at Libanon Gold Mine,
part of fhe pumped water comes from Venterspost Compartmeﬁt and

part comes from Bank Compartment. Still another 'part of the
water Vis seemingly Aerived, from a small isolatéd -unit. This
division is clearly demonstraged when hydrogréphs are compared
(Figs. 7.4 and 7.5). Ventersbost‘Np. 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 déwatering occﬁrred in 1970. - The water table at Libanon
shaft No. -2 1is wunaffected by eitﬁer of .the kdéwatering‘
processes. Quantitative differentiation between water derived
frog Venterspost Compartment and5watér 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 thé observation pefiod since the
start of dewatéring, Figs. 7.3, 7.4 and 7.5. The water table
reached itsblowest levels in 1974,‘3@6@ 120 m below the initial
water - elevation. It sﬁould ﬁowevefibe noted thaf drawdown has
nét been uniform all over the comparfment. - Maximum drawdown
occurred in the central part, while water levels remained high

in the marginal areas. A substantial groundwater gradient from
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the flanks to the central part characterises the trough. A
steep rise in water levels, iq spite of increased pumpage, is
noticed during 1975-1977. However during 1966/67 which was an
exceptionally high rainfall season, only a small rise was

experienced.

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

obstructions.

Coﬁdensed columnar sections of boreholes are shown in Fig. 7.6.
Four units are distinguished: (a) alluvium, (b) Ecca Group
(sandstone, shale grit etc), (c) Fluvio-glacial clastics and
weathered chert ana dolimite, (d) Malmani Subgroup (solid
dolomite and chert). Information concerning rest water levels
clearly‘ indicate the presence of two aquifers, an upper but
relativély shallow aquifer associated with beds of the Ecca
Group or the alluvium, and a deeper fegional aquifer comprising
the fluvio-glacial clastic deposits and the weathered chert and
dolomite of Mélmani Subgroup. No information is available
concerning the construction of the casings in the boreholes.
Combinéd water levels representing more than one aquifer may

also sometimes be expected. Isochronous water levels are shown
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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 those 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 aquifer. 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.. 7.7van attempt is made to calculate the total average
natural recharge into this compartment. Annual drawdowns, h,
are plotted against annual abstractions (Hill Method). An
estimatea ahnual amount of 3 x 106m3 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
shaft Libanon (Table 7.l1). 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

' 6
average annual recharge of 12,5 x 10 m3. It is evident that

during 1974/75, 1975/76 and 1976/77 recharge conditions were
substantially different. The rise of "water levels was only
partly due to natural groundwater recharge. Surface water flow
in the section of Wonderfontein River crossing Venterspost
Compartment consisted of a combination of (1) Overflow from
Donaldson Dam, (2) Discharge from Gemsbokfontein Eye and (3)

flow coming from Middelvleispruit. Overflow from Donaldson Dam
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mpage 1in

enterspost Compartment
1

Hydrological year Change in water level Mean Annual pumpage Remarks
Oct. - Sept. (m) (m) (D .106m3

Venterspost Libanon

No. 2 shaft No. 1 shaft
1963/64 -11,95 25,033 Venterspost +
1964/65 -12,30 22,755 Libanon G.Ms.
1965/66 -18,75 -8,50 -13,63 18,557
1966/67 + 2,50 -4550 - 1,00 16,623
1967/68 - 6,50 -4,50 - 5,50 16,697 Venterspost
1968/69 - 4,50 -4,00 - 4,25 15,435 G.M. only -
1969/70 - 2,25 -5,30 - 3,77 13,683
1970/71 - 0,75 ~4,30 - 2,53 14,094
1971/72 - 2,25 -1,80 - 2,03 13,683
1972/73 - 4,00 -2,60 - 3,30 12,707
1973/74 - 0,50 -7,20 - 3,85 12,385
1974/75 +12,00 ~4,60 +3,70 16,952 Venterspost +
1975/76 © 414,50 +2,70 +8,60 17,881 ‘Libanon G.Ms.
1976/77 + 5,75 +1,50 + 3,63 22,910
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was quantitatively dominant in the combined run-off. The
increased inflow to Donaldson Dam was derived mainly from mine
effluents upstream (3-5 x 106m3/year) and reclaimed sewage
water (2,5 x 106m3/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
the range of 4-6 x 1O6m3, this amount has doubled since
1975/76.% It is claimed thaf increased percolation of run-off
water into the aquifer affected‘the ri;e 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.

* It is most disappointing that records from station C2M25 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.




17

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
1977/78 896 927 931%
1978/79 480 549 534

‘*Rainfall record incomplete.

The figure _ arrived
12,5 x 106m3/yearA is rather high. Conéidering ‘an area of

54 kmz and a mean.‘690 mm ‘rainfall, the recharge expressed as

at -

-for total recharge

the percentage of total rainfall volume is: .

12,5 x 106m3 x 100

37 x 106m3

Part of the above recharge is however due to groundwater inflow

through a contributing boundary as will be discussed ‘in the

following chapter.

54 x 106m2 x 0,69 m = 37 x 106m3

= 33,8%

= Tdigl’rainfall volume
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Chemistry of water
. ‘\-

The composition of Donaldson Dam water can be seen in

Tables 7.3 and 7.4. This type of water most probably
contributed to groundwater recharge prior to 1978, and
simultaneously also contaminated the aquifer. It is assumed
that the chemical composition of the gréundwater -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 father constant concentration in each case, ﬁo dilutién 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

conditions.’

TABLE 7.3:  Partial analyses of water from Donaldson Dam in‘milligrams
per litre ' 4

Date pH | ‘ : TDS SO4
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 .- 5,2 . 1530 - - 840
23.7.76 5,5 1970 . 1000
23.9.76 7,2 2015 1100
6.1.77 7,2 2070 1150
744,77 5,3 1930 12007
16.8.77 6,2 1850 1100
7.10.77 6,9 2040 1180
8.2.78 4,7 1325 860
4.4.78 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 7 850




TABLE 7.4:

Chemical analyses of :aters from Venterspost Compartment in

milligrams per litre.

Source

Date

DS

pH

Mg

K S{ Cl SOa HC03 NO3
Donaldson Dam 24.11.76 1758 6,3 323,0 70,0 56,0 4,3 1,9 23,0 1250,0 0 29,4
29.1.80 1206 5,2 235,3 42,5 57,4 10,4 1,8 34,4 820,6 O 4,0
12.2.80 1312 5,0 238,4 47,5 75,0 9,5 1,5 32,4 902,0 0 5,8
27.2.80 1329 5,4  265,0 44,4 68,0 9,0 0 35,3 901,1 0 6,0
No. 1 Well 8.1.80 498 7,2 57,9 54,6 12,7 0,9 0,5 15,2 308,0 48,6 0
29.1.80 - 514 7,3 60,6 52,5 13,2 1,6 0,8 12,0 - 316,0 56,8 0,2
12.2.80 549 7,4 66,6 .54,5 13,1 1, 1,6 49,0 290,5 73,4 0
22.2.80 685 7,2 102,4 58,8 16,0 0,9 V] 5,8 386,5' 114,2‘_ (4]
12.3.80 634 7,4 92,4 53,6 12,7 .1 7,7 13,7 333,8 117,6 1,4
" No. 1 shaft  22.2.80 334 7,8 43,9 35,0 8,9 G,9 13,1 97,3 133,0 © 2,0
12.3.80 345 8,0 45,0 33,9 11,5 1,0 6,5 14,3  100,0 133,2
No. 2 Shaft  22.2.80 490 7,7 76,7 41,9 11,8 1,3 0 7.2 215,4  134,1 1,3
12.3.80 503 7,6 79,5 39,6 12,7 1,1 8,3 7,8 212,2  140,1 1,6
BH16 22.2.80 178 7,3 13,7 13,6 16,4 15,2 0 36,8 4,8 79,9 0
12.3.80 196 __.7,4 14,8 12,7 15,0 15,4 1,0 40,2 15,3 81,9 0,1
No. 4 Well 8.1.80 289 41,2, 25,4 4,8 0,5 6,7 - 19,3 68,7 121,9 0,8
29.1.80 - 276 . 7,7 39,8 24,5 5,2 0,7 7,8 6,1 71,9° 119,4 0,77
12.2.80 269 7,6 38,2 24,0 4,9 0,7 8,1 4,7 65,8 121,7 0,6
22.2.80 297 7,1 39,5 27,2 9,3 7,5 0 5,4 72,1 136,3 0
12.3.80 276 7,4 41,3 23,4 6,9 0,6 6,9 6,2 66,4 123;6 0,3

6LL
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The eastern sub-compartment (Folder 7.1 and Figs 7-.1) serves as
an intermediate underground reservoir .which spills into
Venterspost 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 doiomite aquifer, under'ha;urai conditions,;
conﬁainé negligible amounts of sulphate - ion. @ Moreover, due to
thé fact that most waters in the studied area are unsaturated in
respect of sulphate, this._ion gan,.be ~used. for quantitative.

monitoring of contamination.

It is thus suggested that groundwater at Venterspost Compartment : ;-

consists of mixed water where the two end—-members are.on the one
hand‘water of the tyﬁe in No.'l-well, and on the other hand rain
rechargé water containing no sulphate.v The product of mixing is
reflegted in water from No. 4, located on the western boundary

of the compartment.

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

. ' 6 3 6 3
Hill method is 12,5 x 10 m ™, S0 that 2,5x 10 m

constitute the inflow through the eééﬁérn‘bouﬁdary.
Discussion

Because of heterogenic properties of the studied aquifer, it is

not desirable to wuse the composition of the contaminating
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end-member based on one point only. The sulphate_concentration

of the inflow groundwater could on the average be 1less

concentrated than that shown by No. 1 well water, so that the

estimate of 2,5 x 106m3 is more 1likely a minimum figure for

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 106m3,

the
in situ recharge is .obtained. ' The in situ recharge expressed as

percentage of the rainfall volume -still remains surprisingly

10 x 100 - .
,hlgh’ —337 = 27%.

It is suggested that as a .résult ofb the dewatering of ﬁhis
compartment, ‘édditional .storage was created in the aquifer
undérlying the area ofvthe river course. Previously the natural
‘ groundwater 1evel‘ was close to ground léurface and prevented
extensive intake-dué to lack of storage. It ié also inferred
that potentially the éermeability is rather high in this central
area dué to sinkholes, depreséions; etc. Very similar recharge
.conditions prevail in Bank Compartment (Part 8). The pe;céntage
.of recharge out of the total rainfall in Bank Compartment was
calculated to be 24%. In both céses the high recharge rateé are

due to accelerated percolation through the river course under

the new artificial conditions. <~y

" The expected amount of annual in situ recharge at Venterspost

Compartment, by analogy to Bank Compartment would Dbe

37 x 106m3 x 24
100

= 8,9 x 106 3. It appears that in Venterspost

Compartment an additional intake component was active. An extra

contribution to the total annual recharge could come from
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infiltrated run—off,'the sources of which were: Gemsbokfontein

Eye 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 . s
10 x 10°m™ /year. 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 Compartmént, 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 caléulations 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 8.1), and
impermeable boundaries delineate the compartment on all sides.
Syenite dykes striking approximately NNE comprise the eastern
and western boundaries. Relatively impervious rocks of the
Black Reef Group form a rather irregular boundary to the north.
In thé south the dolomite dips below the impervious shales of
Pretoria' Group and the aquifer probably extends only a‘.short

distance beyond 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 rocks outside the
compartment form a hilly topography in contrast to the even

dolomite terrain.

Outliers 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 considerably. 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 dolomitic rock, if thick

enough, 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 tainfalls; 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 dépth'to'the water level in the vicinity

i

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 4dnclude .any surface run-off

" because the spring issued about 1 km south of.the river course.

Some ‘change in the mnatural hydsologic regime occurred when
dewatering - commenced in the fiﬁﬁéighboﬁring Venterspost
Compartment. The outflow from tﬁev Venterépost 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
across the dyke 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 aﬁd controlled. Details of the three weeks
guman 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 devatering of the Bank Compartment. Pumpage

figures are given in Tabel 8.1 and 8.2.

Simulténeously a gravity surVey was carried out gby the
-Geological Survey to investigate 'sinkhole formation and
subsidences anticipated as a consequence of the dewatering. 'In
thé course of this survey éome 500 bbreholes were drilled. Out
of .the total number of drilled holes, 90 were wused for

groundwater observation.

The general geology and the flow of groundwater to the mine
workings is schématically demonstrated in Fig. 8.1. It should
be noted that interconnected fault§f%ﬁ&‘fissureé transmit water

from the actual water bearing zone,'whiéh is rather limited in
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Month I 11 111 v v VII VIII IX X XI XII
Year
1969 907 1633 2 342 3 236 3 197 3 150 3 517
1970 5112 6 393 8 122 9 384 9 963 10 297 10 349 10 156 9 903 9 837 9 577 9 470
1971 9 204 9 074 8735 8548 8346 8233 7938 828l 7283 7204 6 875 6 139
1972 6 200 5499 5956 5 240 4 984 4 815 4 702 4 642 4 537 4 439 4 394 4 318
1973 4 893 3503 4122 4089 3921 3977 3820 3727 3758 3 665 3 485 3 419
1974 3405 3 210 3 136 2 968 2 891 2926 2927 2882 2 962 2 847 2 963 2 704
1975 2 950 2 600 2 394 2 432 2 503 2 456 2 516 2 400 2 311 2 391 2 395 2 400
1976 2386 2 80 2767 2738 2902 2899 2 906 2842 2 927 2 534 2 855 2 799

TABLE 8.2: Aﬁnual amounts of'pumpage from Bank Compartment

Year ~

(1/10-30/9) . ° q in 10%3

1968/69 44,290

1969/70 89,543

1970/71 104,526

1971/72 66,793

1972/73 48,961

1973/74 37,876

1974/75 31,076

1975/76 32,413

L2L
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thickness, down to the mine. The major part of the dolomite,
Ventersdorp volcanics and the Witwatersrand Super Group are
actually impermeable. 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 a certain

-extent the descending flow. The water table has dropped

‘considerably since the early seventies and the amount of infiow
hag diminished accordingly (Fig.‘8.2). The pumpage is however
still in excess of the average natural int;ke from rainfall.
With fhe 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

groundwater accumulation in the deeper troughs. DMost 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 waterAtable»observations
taken at 17 boreholes during the groundwater inflow episode of
1968. They applied the Theis non—equiiibrium equation, and by
using several assumptions, arrived at a transmissivity constant
of 7 000 m2/day, and a storage coefficient of 1,5%. 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

2 000 x 106m3.

The Mechanism of Replenishment

)Mdnthly dischargé figures from the spring'for the period 1957 to .

1969 are availablé. The annual amounts of discharge observed in

this period are in the rénge of 16-22 x 106m3; .Table 8.3 and

" 8+.4. Later outflow figures‘ no longer répresent the ' natural

discharge.

A comparison of monthly discharges at the Spring, Fig. 8.3, with

monthly rainfalls, reveals a marked sysﬁemati; delay of about
6 months, when peaks are ‘matched. The 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 vgria;ions .do occur, but .the,k delay is
ﬁevertheless'clear. I£ should howébéfﬁbe“borhe in mind that the
replenishment mechanism in these aquiférs involve a two-phase
percolation system. Ohe-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 cause for the delay. This would
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TABLE 8.3: Monthly discharge amounts from Bank Spring in 106m3
——

Month I II III IV \ VI VII VIII 1IX X X1 XII
Year
1957 1,71
1958 - 1,70 1,54 1,59 1,90 2,00 1,69 1,8 1,8 1,79 1,87 1,81 1,90
1959 1,87 1,70 1,8 1,80 .1,8 1,80 1,8 1,87 1,85 1,85 1,79 1,48
1960 1,96 1,70 | o |
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 1,5 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 <y e

1966/67 ' 16,04
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imply that the delay time varies from place té—place.. The
relative significance of the two phases in each particular
hydrograph depends 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. 1In other words; immediate recharge (shallow
Qater levels) is dominanf in thesg cases as compared say; to
conditions in Steenkoppie Compartment; where most of ﬁhe

replenishment is due to delayed recharge.

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

Figures 8.5-8.22.

In thé 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
émall became dry with. the drop of the reéional water table

(saturated aquifer still existing beqeafh).

Boreholes which 1locally penetrated solid dolomite, at

rather high elevations, dried\ﬁb;uthbugh other boreholes in

the name area which A encountered pervious material at a

greater depth, remained in operation.

In many cases gauging stopped due to the blocking of

boreholes which is expected where no pumpage is practicéd.
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Hydrographs of boreholes prior to de-watering,
BANK COMPARTMENT.
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Table 8.5 1includes relevant information of--all. available
observation holes such as period of observation, nature of the

aquifer, elevation and depth.

The drastic drawdown which developed with the 1large scale-
pumpage can be observed in Fig. 8.8; 8.9; 8.10; '8.13; .-8.15%

8.16; 8.20; 8.21; 8.22. 1In some of the boreholes seasonél
»recharée is discernable,  superimposed 6n the otherwise steeply

declining water‘level, Figs. 8.14 and 8.22.

The north-éasﬁérn sector 6f the comparfmentvhas?been affected
rather late (1972), Figs. 8.17 and 8.18. The'water 1evelstends
to riée in this part in 1975/76 only due to a temporary decrease
in the rate of .extraction; combined with ”aA éood rainfall

season. This area constitutes for all practical purposes an

~ integral part of the Bank Compartment.

The Hill method; an. empirical approach for the rough estimation
of safe yield in é basin where ovéfpumpage has been practiced
-and the correséonding drawddwns monitored over a long enough
period, has been applied. | In Fig.'-8.23, annual drawdowns in
,borehble G783‘w¢r¢ plotted against pumpage, and a line fitted to
cut the zero drawdown. The safe yieid which in'this case equals
natural fecharge, was fouﬂd‘zﬁfb" be 23 x 106m3/year.
Fig. 8.24 includes three boreholes -whefe the same method has
been appliede In two of the boreholes, 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 figures

in metres)

Borehole Collar Depth Aquifer* Karoco** Period of observation¥®*=

number elevation

a.m.s.l.
G455 1591,92 213,4 P - 7/1969-9/1970
MWl 1576,86 - - ' 1/1969-4/1970
. G456 1582,16 213,64 P - 8/1969-11/1970
G457 1564,79 213,4 P - ~ 4/1970-9/1970
MW2 1559, 56 - - - 5/1969-3/1970
UDS 1645,07 - - - 5/1969-6/1971
E2E - - - - 1/1969
E2A 1571,07 - - - 1/1969-6/1971
G402 1557,79 129,5 C 50 5/1969-3/1970
E2G 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  C 90 6/1969-10/1970
- 6363 1540,99 169,2 P 47 1/1969-11/1970
G403 1523,63 157,9 P - 3/1969-1/1971
G421 1521,69 91,4 P - 3/1969-1/1970
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
Wel 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 - - - 5/1969-5/1970
Gh41 1581,56 91,4 P 26 4/1969-11/1969
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 1519,87 121,9 P - 6/1969-10/1979




Borehole Collar Depth Aquifer* Karoo** Period of observation**%*
number elevation
a.m.s.1l.
G834 1517,02 120,4 P - 1/1972-Present
G487 1524,25 141,7 P - 3/1970-10/1973
G534 1537,67 91,4 P - 1/1971-9/1971
W606 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
w600 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 11/69-9/1970
E1Q 1541,52 - - - 12/1968-2/1971
G416 1532,73 213,4 P - 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 - 1524,27 79,3 P - 4/1969-8/1970
6797 1522,15 195,1 P - 9/1971-6/1974
G408/2  1521,36 50,3 P 4 © 3/1969-2/1970
c408/1  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 C 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  C 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
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Borehole Collar Depth  Aquifer* Karoo** Period of observation*#**

number elevation

a.m.Ss.l.

Wl31/1  1547,38 - - - 3/1969-1/1970
W108 1550,61 - - - 4/1969-8/1970
w100 1545,91 - - - 10/1957-1/1962
G506 1534,62 88,4 P - 11/1969-4/1972
G507 1537,06 82,3 P - 5/1970-4/1972
6563 1525,17 61 - p - 5/1970-3/1972
6571 1533,70 70,1 P - 1/1971-3/1972
MW3 1586,44 - - - 6/1969-4/1972
MW4 1567,72 - - - 6/1969-4/1972
6592 1572,11 121,9 P 49 - 11/1970-Present
G451 1566,62 213,46 - C 88 11/1969-Present
EM12 1559,51 - - - 6/1970-7/1971
G488 1542,85 83,8 P - 5/1970~5/1971
6508 1539,19 50,3 P - 5/1970-Present
G579 1536,75 74,7 P - 6/1970-2/1972
W339 1549,80 - - ~ 11/1968-10/1970
W525 1531,01 - - - 1/1971-12/1971
G632 1561,74 100,6 P 27 11/1970-11/1976
W534 - - - 1/1971-9/1971
W510 1551,95 - - - 3/1969-9/1970
G674 1541,63 32 P - 8/1970-11/1976
W337 1602,73 - - - 1/1957-12/1970
W595 1643,26 - - - 3/1969-10/1971
MW6 1556,26 - - - '8/1969-4/1972
G510 1552 42,7 P - 5/1970-2/1972
W610 1539,19 - - - 6/1970-1/1971
G635 1527,30 77,7 P - 10/1970-Present
W45 1563,12 - - - 6/1957-11/1960
G436 1566,64 89,9 P - 4/1969-8/1972
W75 1553, 49 - - - 11/1957-10/1970
G432 1552,25 90,5 P - 3/1969-4/1970
G511 1547,11 59,1 P - 5/1970-Present
W125 1540, 54 - - - 10/1957-5/1972
W124 1542,01 - - - 3/1969-10/1971

W129 1535,91 - - - 1/1958-11/1976




Borehole Collar Depth Aquifer* Karoo** Period of observation***

number elevation

a.m.S.l.
w122 1540, 34 - - - 10/1957-3/1966
w123 1539,86 - - - 10/1957-7/1967
G523 1531, 66 160,9 P - 4/1970-10/1974
w571 1610,01 - - - 3/1969-Present
G1160 1617,31 33,5 P - 4/1973-Present
w333 1623,62 - - - 3/1969-7/1971
987 - 167,6 P - 6/1972-11/1973
MHS 1599,85 - - - 9/1969-6/1971
6761 1610,01 128 P 30 3/1971-Present
Wh6 1571,30 - - - : 3/1969-8/1970
MW7 1565,70 - - - 9/1969-12/1971
W509 1558,92 - - - 3/1969-10/1970
“WI3 . 1559,12 - - - 11/1957-5/1968
6512 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 - - - 7/1970-1/1971
W115 1543, 52 - - - 3/1969-9/1971
W1l8 1543, 33 - - - 10/1957-6/1968
6762 1611,82 128 - 47 3/1571-5/1974
c986 1573,68 135,6  P(?) . 56 4/1972-Present
783 1570,13 183,8 P - 6/1971-7/1976
6582 1553, 82 53,3 C 27 6/1970-7/1972
6513 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 1544,52 39,6 P - 6/1970-3/1972
W425 1538,47 - - - 3/1969-3/1972
6535 1543,60 35,1 P - 4/1970-5/1974
W12 1542,88 - - - 5/1960-9/1968
W1ll 1542,36 - - - 3/1969-10/1971
Gl134 1534,70 41,5 P - 4/1973-Present
61200  1535,05 59,4 P - 9/1973-2/1976
61198 1536 - - - 7/1973-Present

G1135 1541,09 37,2 P - 4/1973-12/1975




Borehole Collar Depth Aquifer* Karoo** Period of observation**%

number elevation

a.m.sS.1l.
W428 1549,03 - - - 3/1969-1/1972
61293 1559,97 57,9 P - 3/1974-6/1976
G522 1563,54 - - - 3/1969-1/1975
61294 1562,35 39,6 P 8 3/1974-2/1976
61152 1566,64 50,3 P - 4/1973-Present
G476 1570,14 91,4 P - 4/1970-Present
G1218  1578,14 45,7 P - 8/1973-Present
W331 1574,59 = - - 10/1958-9/1968
G1159 1594,01 36,6 P - 4/1973-Present
MW8 1583,08 - - - 10/1969-10/1971
G796 1573,03 - - - 6/1971-Present
G1042 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
61185 1562,8 76,2 P - 7/1973-6/1976
W567 1591,84 - - - 3/1969-Present
G516 1565,09 - P 10 7/1976-7/1976
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
G1221 1577,25 - - : - 9/1973-Present
G1219 1587,53 48,8 P - 8/1973
Bl 1585,21 - - - 6/1965

* The type of the aquifer before dewateriﬁg
P = Phreatic; C = Confined
**% Penetrated thickness of Karoo Beds
*#%% The period may include intervals of no records and different

frequencies in measurements
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the drawdown for. 1975/76 did not fall in line with-the rest of
the data and was left out. Here the recharge was
22 x 106m3/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 6n five gauging stations in the studied area,.
amounts to. 636 mm, Table 10.2. The annual natural recharge
expressed as percentage of the rainfall may thus be calculated
as the following:

23 x 1% %100 =23 x 100
154 x 10°0 x 0,636 m 97,9

= 23,5%

The somewhat high figures for the average fnatufal recharge
arrived . at in Figs. 8.23 ‘end 8.24 .as,vcompared ‘to _spring .
discharge‘records'can be_expleined if conditioﬁs in the aQuifer
are examined: DUring the. said period 1969;1976, and due to
dewateriﬁg; .a consieerable part of the “aquifer velume
frectically beceme empty. The creation of excess storage in the
eentral sector of‘the compartment, along;the river and in the
'4area_‘where- natural_ discharge :previously took. place, is of
special importance. In this area before dewatering grounewater
‘level used to Be very shallow and any’intake would spill. cver to
‘the Oberholzer Compartment. Under the ‘new artificial conditions
an increase in the rate of recharge could be expected. Similaf
results were obtained in Venterspost Compartmenﬁ,. where very

"much the same conditions prevail.
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As stated before the Hill method 'is only applicable where mean
;nnual recharge is the case. -‘Regional rainfall data, based on
five gauging stations; confirms beyond doubt that 1970/71 and
1975/76 were high rainfall seasons with 800 mm and 833 mm

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 rain seasons differ very much from thé-aQerage-and the

annual recharge in cases such- as 1970/71- and 1975/76 is

‘outstanding. The fact that data from 1970/71 and 1975/76fhad 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:aﬁd a spring'analysis.k

Bopkkéeping method

- Two water balances were prepared to calculate the storage

coefficient iﬁ the compartment. For each balance period a set
of two water level COntoﬁr maps were prepared, for the beginning
and the end of the period. These mépéﬁwere shperimposed on each
other and a third map produced, shéwing'lkh, the thickness of
the dewatered aquifer. The volﬁmesb of thev dewatered rock
material were calculated with the aid of a planideter. The

volume of groundwater 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 - T

The selection of balance périods had been complicated mainly by
the insufficient coverage 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. wentv out éf operation rather
4rapid1y. Upstream and in the eastern three quaters of the
compartmenf; very few boreholes Qere aQailable. Drillihg which.
"commenced in the"area -for geophysical burposes was applied
genera11y er éd hoc engineeringiproblems. No monitoring net

I

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

a.mes.l. is shown.

Water balance A covers ;he period‘6/1969—6/1970. It includes a
full rain season. The water table .contour map at the beginning
of the balénte*period A is_shOwn»in Folder 8.3 and at its end iﬁ
Folder 8.4._ Folder 8.5 represents the difference .of one map
‘from the other. The volumé of dewatered rock material has been
caiculated by - plaﬁimetration éndf;ﬁmounts to 3322 x 106m3.
‘The total amount of groundwater extracted during the said period
from the compartment was 61,655 x 1d6m3. An allowance has

however to be made for a full season of natural replenishment

. 63
say, about 23 x 106m « The net extraction was therefore:

61,655 x 106m3 - 23 x 106m3'= 38,655 x 106m3
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—

=1,16%

The storage will thus be 38,655 x 106m3 x 100

3322 x 10%m°

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),‘vreéched depths of 248 m;: 190 m* and 150 ﬁ

respectively. This would suggest that  the area -delineated

. between ElN; E1Q and the dyke, whére 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 ;ncludes two incomplete . :
rainy .seaéons.‘ The first wet months of v1970/71 §eason‘ are
excluded wﬁile 1971/72 season includes only the first months.
As mentioned before, the recharge Imechnism is not -simple and. .
involves two phases. ‘In ACcofdancev with this setting, the
recharge auring balance,pefiod B will be a combination of the
delayed phase of recharge'from rainfallé during 11-12/1970, tﬁe

total recharge from 1-4/1971 and the.immediéte phase of reéharge
from 11-12/1971.. Tt can thus bebassumed that the intake during

the said period included a full one‘jéét'réchérge.
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Folders 8.6 and 8.7 demonstrate the wafer tablecontour 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

period B was 97,458 x 106m3. The estimated natural recharge
per year derived in section 8.4 is 23 x 106m3. The net
pumpage  1is accordingly 97,458 x 106m3 - 23 x 106m3 =
74,458 x 106m3.
63
The storage is therefore: 74,458 x 10 m™ x 100 _ o
53 = 4,05%

1836,73 x 10 m

Sﬁring Analysis

The‘discharge pattern shoWn.in-Fig. 8.3 is rather typical of the
‘summe: rain climate. and the 'dolomitic‘ aquifer involved.
Recharge of the aquifer extends . over the greater part §f the
year. _Sometimes .the- deIayéd"phasev at the end of one raiﬁy
season »méy 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-sgppage relationship can thus

be studied by analyses on.semi-logarifhmic paper.
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Monthly discharges from the short beriods of assumed no intake
in every year (December; January; February) havé been compiled
and plotted together in Fig. 8.25. 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 1logarithmic scale; and
aséuming no intaké occurs, it 1is possible to calculate
successive monthly‘ discharges of free drainage. Several
practicél applications may be waked oup; based on the depletion

line in Fig. 8.25.

‘The time interval méasured in months; on the horizbntél-séale,
between a starting point "a” Aaﬁd the point where the sloping
line intersects the zero discharge‘representé the time reéuired
‘:for‘the‘coméléte‘drainage of the storage in the reservoir. The
:esérvoir is defined as the mass of aquifer between the water
table surface and a hoiizon;al plane, the elevation of which
corresponds to the outflow'point of the spring. In the case of

. Bank Cbmpartment, the time required to drain the reservoir would

be about 40 months.

Records from the few .observation holes which had been in
operation during 1959-1967 allow fd}ffﬂé'éonsfruction of a rough
water table contour’maﬁ, (Folder 8;9).'-Thekaquifer volume of
the reserQoif has been calculated for October 1963, and the
Spring outflow altitudé.was‘taken as the base of the reservoir.
The équifer volume, (Folder 8.9, totals 1519 x 106m3. The

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




Spring Di_schqrge and Storage Relationship in
BANK ~ COMPARTMENT,

g

gp T 1 I T T
] T i ) ] 1 al N v H 1
27— i S : I . The exponential depletion curve of Bank spring
6 i - i , : forms a straight line on semi-togarithmic paper.
[3 . 1 - .
2 i ] : N
{ | l i i1 ~
4 [ [ H A . Monthly discharges for Decémber. January and
3| ! + - : i ' : - February were wused for the construction of
' P . . | the tine. )
H : L 2 _
i i ! Py i ) b .
| : | i ! [ i ' l |
H i . :
: : JRUUUURI NS B -
: ’ i - R ]
iy : [ BN
; | SR B
x : . ! :
% ¥ 3 el B
2 { T ! i T
c ’ L 1 ' i ? . ’ , ’ !
0.3p-—-~ T - Y d F B i ki R
(o] . " ! i . i i R !
02t - -~k ~ : i P | | .
g ’ : ! ! ; : ! ! i . ! ! i i
g A 1 i ) . ™ . [ H .
i 1 ! B i .
b ; : \\ i :
e} : ; i : ! t : o
w01 L -~ Z + - . + [ S N o} -
- T 1 : : f = = I N N H .l
Q .. - . : ] \_ A -
‘ ! - : : : J:
I - o =i - —_
| ! . : i : H : ]
1 . o L ; I 5
I ‘ i =
g [ i i L i A ) . R
i O L ; i ' : \
[ lHori"zontg S'cul'e { . : - [ i ™~ ‘
I I = L l i ! e
[ 27 3 months B B : H B
| [ | 1 P : N N [
; t
' ‘ N ‘ ] l i ' a ! S
. . H H [ T H i
0.01 - L ‘ I J | ] J | 1 j

FIG. 8.25

ZQL.

_-\\-‘.




8.6

153

has been read from the depletion line, TFig. 8.25, in monthly

portions of discharge up to the complete drainage of the
6 3

reservoir. This volume of water amounts to 15,6 x 10'm™ .

The storage coefficient obtained is:

Groundwater storage x 100 = 15,6 x 100

Reservoir volume 1 519
Recharge - Rainfall relationship

In 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 corrected in the
following way: For every year, starting in October, the monthly
discharges of twelve montﬁs were read-off frqm the depletion
line and summed up. This amount represeﬁted 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 annﬁal outflow. Thus corrected,
annual recharge figures have been arrived at (Table 8.6). In
Fig. 8.26, corrected annual discharge figures have been plotted
against total annual rainfall; 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 — —_

All amounts in 106m3. Rainfall in mm

Year '

(1/10-30/9) Q1 Q2 Q3 Rainfall

1958/59 22,03 11,89 10,14 712

1961/62 16,86 12,55 4,31 773

1962/63 21,90 11,39 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);.calpulated annual free drainage

(Q2), corrected annual discharge (Q3 = Ql - Q2)

The corrected annual discharge is eqdal to?the annual natural recharge.

8.7

The 1960/61 season-ﬁas discarded in Fig. 8.26 as the discharge
data do not seem plausible. The 1966/67 season does not fall in
line with the rest; and no'éxplanation is postulatedvto account

for this discrepancy. It will be shown later, in the study of

~ springs (Part 10) that thelreplenishment all oyer'thejstudied

area during 1966/67 was lower than the expécted.

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 reason that an investigation of a ver;ical change in
storage was not applicable. Another shortcoming is inadequate

simultaneous rainfall gauging points, which is essential for a

N

detailed hydrometeorologic study.
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Qut of the three water balances carried out to determine the
storage, two yielded closely-related figures, mnamely, 1% and
1,2%. A higher figure of 4,057 was found through balance B. It
is however noted that each of these balances has its drawbacks
and should be evaluated accordingly: In balance A, due to the
configuration of the depression cone, deéper parts of the
aquifer are involved in the dewatered volume. Porosity 1is
expected to decrease with depth (Enslin and Kriel, 1967),
consequently the calculated storage coefficient is too low. In
balance B an amount of 23 x 106m3, whi;h equals the natural
vreéharge of one year,'has been introduced to the calculation.
This figure however ‘represents an averagé which is not
épplicable for the 1970/71 season. During this exceptionally
wet season, the recharge may have been twice as much, a fact
wﬁich is confirmed by analyses of sprinés located in other
geohydrologic units. The calculation may thus be revised as

follows: 97,458 x 106rri3 - 46 x 10%m3 = 51,458 x 106m3

51,458 x 10%m° x 100

1836 x 10°p3

= 2,8%

The ‘storage coefficient obtained from the spring analysis is
most probably an under-estimation. In this case the weak points
are the highly conjectural nature of the reservoir volume and a
possible bﬁilt—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.




9.1

157

INVESTIGATION OF TURFFONTEIN AREA ' ——

Introduction

Turffontein Area, as compared to previously discussed

. geohydrologic units; had not been geophysically surveyed. The

occurrence -and - nature of significant sub-surface structural
elements suéh ‘as igneous dykes are still missing. The area
covers -some 400 km2 of. Malﬁani ,Subgroﬁp éutcrops;. mostly
concealed below ;youngér decomposed rocks and soil. The
Wondgrfontein-River crosses the area along its central part; and
on';hé whole, geohydrologic conditions in the Turffontein Area
are simiiér to those described before farther. upstream. The
dolomite dips regionally southwards where it is overlain by.
sediments of the Pretoria Group. -These sedimenps stand -out
topographically as a hi}ly'crest bordering the area to the south

(Folder 9.1).

Preliminary . sampling and chemical vanalysis 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 Turffonteiﬂ‘Area,'a closer follow-up
of surface~wate; quality has been uﬁdertaken. Some 17 stations
were selected where water has regularly been monitored since the
end of 1979. At the beginning, samﬁles 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 major ions being

+

Hco;, ca’™ and Mgt

Under the ©present <circumstances however, .the quality of
groundwater in this area no longer reflects purély natural
conditioné. Although the sources of contamination include the
use of fertilizers, manure from cattle farming, urban sewage
effluents, air-borne salts 6f industrial origin, by far the
dominant factor affecting groundwater is dqg 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 a constant

deterioration in the quality of the available water.

The influx of originally fresh dolomitic water, derived from the
éverlying aquifer, descends hundreds of meteré 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 sulphuric
acid. Water is practically used in all underground processes
and is stored in undefground 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




159

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 compiexes and
the fine—gréined rock residue mixed with water is booétered 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.

Piles of mined and crushed rock material dumped- around mine
shafts are exposeéd to rainwater for Ilong periods of time, it
undergoes a similar leaching process as-described in connection
with the wunderground workings. This source of salinity ma?

contribute directly to the underlying groundwater.

Leakage from slime dams is another 'possible source of
contamination to be considered although it is assumed that such
leakage is usually significant only.during the initial stages of
operation of a slime daﬁ, while later on the béttom layer is

sealed off by fine grained sediments.
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Geohydrologic setting ' o —

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. S

vNearly all available boreholes are concentrated along the river

courses. Data is-insuffigient ;d éresent a water level contour
map. Groundwater  flows in‘ a aoughfwestealy direction,' as is
inferred from the 1limited infofma;ion on water levels from
boreholes (Folder 9.15. A further sub-division of the area into
smaller geqhydrologic units may be expected but with'the lack of

a geophysical survey; this cannot.be positively demonstrated.

Two separate groundwater depréssions "exist on either side of

- 'Oberholzer Dyke, a déep one resulting from the dewatering of

Oberholzer Compartment by West Driefontein and Blyvooruitzicht:
Mines, and a shallower one 'whicﬁ*iis~ due to .abstraction of

groundwater by Doornfontein Mine.
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Disposal of water from the gold mines . T

Groundwater abstracted 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 minés may be distinguished in this respect: Group
I. includeé Ventersposﬁ; East Driefontein and West Driefontein
Mines. Group II includes Blyvooruitzicht; Western Déep Levels
and Doéfnfontein Mines.- As ffom mid‘l§77; intercepted analdsén
Dam and Gemsbokfontein Eye.water afeJalso included in the flowy

coming from Group I mines.

Effluents from both mine groups flow . in water prbof plpes and

concrete canals up to the eastérn boundary of Turffontein Area,
so as to avoid leakage. - In the studied area however, west of
Car;efonville, the effluents are carried in a combination of
earth furrows, cpncréte canals and the river course. The water
is also témporarily storedkin earih”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.

The surface water flow pattern iﬁf¢ghé ‘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 (ngf“‘9.1)r — From
Point C the water is divided into two carriers. One of the
canals arrives at the dividing box point F; and the other, which
also runs across Oberholzer Compartment, extends beyond it into
the Turffontein Area. The flow in this second canal is supposed
to be gauged - at Sfation 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 canal which

leads to the dividing box.

Effluents from  West  and‘,East Driefontein Mines enter the

. dividing box at point G.

\Thé water éntering the dividing Box‘mixes and leaves the box in
-two canals going west&ard beyond the boundary dyke.. Flow in the
porthernn canal 'is 'automaﬁically recorded at Station C2M57,
) pdint J (Fplder 9.1). Flow in the‘séuthern canal is'supposed'to
be measured respectively at Station C2M32. ﬁnfortunately all
dgt& from C2M32;was worthless and had to be rejected. A few
manual measurements Qére carried \Gﬁén‘dufing 1980 at Station

C2M32 which enable a rough estimation of the average flow.
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Iﬁ the Turffontein Area the water flows in—two 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 gffluents 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 the water
flows downstream in‘the river. AOn its route; the river collects
the spring .flowg from Tufffontein. and .Gerhardminnebrbn, and
residual amouﬁfé 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).

The total monthly' amounts of infiow to Turffontein Area are
shown in vFig. 9.1. This coﬁld however be worked out for a
relatively short period of time and the calculation is sub ject
to some inaccuracies due to the lack of measured data at

Stations C2M44 and C2M32. ~y e
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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, evapotranspiration 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 dimpractical for

comparison with the monthly total amouants of groundwater pumped

by the mines (Fig.~§.2). Such a comparison could indicate the

rate of consumption of dirrigation water east of Oberholzer

"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 periodl from some 48 x 106m3 to about

80 x’106m3. The total annual .amounts of grbundwater pumped

by Group II mines, and diverted to .Tgrffontein' Area remained
' 6 3

" more.or leés constant, and is in the range of 6 x 10 m™.

Reaction of the groundwater system to artificial recharge
.‘&Lf“
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; suggests that at
Turffontein the reaction of. groundwater is due éo‘ artificial

recharge by the effluents.

A similar Qewatering episode oécured during'the fears 1970 and
1971, és seen in. Fig. 952;A where monthly amouﬁts of water
abstracted by-Gréup I goid mines;.during the period 1965-1978;
are shown.. in these figures; consumption on the mines -is
exclgded; but no records are=;vailable for amoﬁnts utilized for
irrigation. Mogt of the abstracted water hés been discharged as
effluents onto the dolémite ,tefrain beyoﬁd Oberh@izer Dyke
(Fblder 9.1). ‘Ip this case howéver, ‘the natural replenishment
pattern somewha; complicateé the_picture: From Maloney's Spring
discharge hydfograph'(Fig..9f4) if appeérs‘;hatvl970/71 was an
‘éxceptionally wet season which contributed to ‘an increased
outflow.’ Water levélé observed in twd mine sﬁafts and. a
borehole (Fig. 9.5): reQeal‘ a rise in the beginning of 1970.
This rise most probably reflects \ﬁﬁg"réspoﬁse to artificial
recharge, because'the‘outstanding wet seéson ohly started later,

namely at the end-of 1970.
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This correspondence between recharge due to— effluents and
groundwater behaviour can be observed simultaneously on the
Turffontein 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
correlétion foundvélso indicates that the groundwater system of

Turffontein Spring reacts rather rapidly to recharge.

Inspection of the Vdischargé 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

f 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 1larger size of

Gerhardminnebron groundwater system, with an annual discharge of

: 6
20-29 x 10 m3, as compared to - Turffontein with

63 . :
14 x.100m, is the reason for the vague impression of the

comparatively  small quantitiesl involved: in the artificial

" recharge.

Hydrochemical Aspects

~ ‘-7 e

Simultaneous water sampling has been undertaken during late

1978, and full énalyses 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 from Turffontein Area, in milligrams per litre
No. Source DS pH Ca Mg Na .4 Si Cl Sob HCO4 NO,
SPRINGS
1 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 212 7,90 26,0 15,4 2,3 0,5 6,7 2,0 2,0 155,8 1,1

" EFFLUENTS

500 7,60 56,9 32,7 32,8 3,1 4,8 17,6 179,5 151,4 21,8
512 7,53 57,9 33,5 34,0 3,1 4,9 18,5 190,0 145,6 24,4
510 7,29 55,7 34,4 31,9 3,1 5,7 18,0 188,5 152,9 19,4
094 6,80 124,9 50,8 131,8 10,2 5,7 101,8 588,2 41,2 44,9
I 356 6,69 152,0 56,6 180,3 13,8 4,2 135,0 740,2 33,4 40,3
1 536 6,65 180,8 62,8 183,5 16,2 4,4 152,9 851,6 45,4 42,6

H N O « R X
-

BOREHOLES AND SHAFTS

RH Geo 1 629 7,40 76,3 49,2 21,1 1,5 8,3 15,4 9,9 349,2 21,1

wN3 : 531 7,45 67,0 40,9 18,8 1,2 9,5 12,9 133,6 238,0 17,9
10 WNl ses 7,31 73,2 43,9 27,7 1,6 9,2 16,6 215,46 188,8 18,4
11 w2 ‘ . 591 7,28 76,8 45,4 26,6 1,6 9,1 14,7 232,2 177,4 16,5
12 Annan Shaft 616 8,29 62,6 40,0 49,8 2,5 7,1 34,7 191,5 221,9 5,5
13 No. 2 Shaft 477 7,84 59,2 35,6 14,2 1,1 8,6 11,4 80,1 253,6 13,4
14wl 289 7,70 40,3 22,3 2,1 0,7 7,3 1,2 1,6 218,1 2,1
15  VE2 ' 464 7,59 58,5 36,4 16,6 1,2 8,7 12,4 95,6 228,5 14,7
16  wD4 , " 457 7,61 58,3 3,9 15,2 1,3 81 10,7 95,8 1226,5 13,6
17 ° wp2. " 494 7,50 65,8 37,1 17,4 1,3 9,2 12,4 117,5 227,7 14,2
18 w7 522 7,45 64,9 39,4 25,9 1,7 9,1 14,2 190,9 167,6 16,7
19  WD6 648 7,40 81,1 50,1 29,1 2,0 7,7 19,9 228,9 206,0 30,3
0 WS 545 7,60 69,5 42,4 12,2 1,2 9,2 17,0 97,3 282,6 22,5
1 w3 369 7,45 43,7 29,4 9,2 1,4 9,5 18,5 18,0 233,5 15,1
2 VEl 471 7,59 55,5 36,4 15,2 1,2 8,8 11,5 37,8 248,4 14,2
3 BK8 . 498 7,52 61,7 37,9 20,5 1,7 8,2 18,0 112,3 235,5 10,0
4 BK& 596 7,54 73,4 40,9 35,1 2,1 8,4 13,2 174,2 226,8 11,6
5. BK3 - 602, 7,60 72,2 40,9 35,6 1,6 8,4 32,3 182,8 223,8 12,2
6  BK2 473 7,41 62,6 36,4 14,4 1,2 8,0 23,4 86,9 233,9 13,6
7 EKl 705 7,40 83,1 47,0 52,4 2,0 8,2 43,9 261,1 202,9 12,1
8  BK6 597 7,61 74,4 42,4 32,8 1,5 8,5 32,9 171,4 228,7 12,5
9 BKT . - " 405 7,50 54,1 30,4 9,2 1,2 8,9 8,5 50,5 238,8 12,4
0 N3 479 7,61 63,7 36,6 9,2 1,2 8,8 12,4 56,2 292,2 7,7
1

BL3 o 420 7,94 41,2 40,9 3,5 1,3 8,9 5,8 1.0j0 323,2 4,1
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Source TbS pH Ca Mg Na K Si Cl SOI‘ 'HC03 ‘NOJ\._“\
TN2 515 7,52 69,0 34,9 18,8 2,9 8,8 10,7 99,8 270,9 7,9
GN1 353 7,62 43,2 30,4 6,2 2,6 8,0 6,6 32,0 227,7 4,7
K13 274 7,21 18,2 23,4 16,4 2,9 16,2 5,8 3,4 184,6 18,9
BL2 645 7,60 82,4 51,7 11,7 1,3 9,4 24,0 22,8 416,6 33,7
RT1 570 7,80 74,0 44,3 4,5 0,7 10,1 14,4 5,3 409.6 17,1
w294 588 7,80 72,1 47,3 8,6 1,8 9,2 10,2 31,9 413,3 2,4
KL1 635 7,53 78,9 48,1 10,5 10,0 9,2 32,9 44,5 366,3 43,1
KL2 525 7,58 69,0 40,9 13,1 1,2 8,8 16,6 64,6 313,6 6,3 .
BL1 508 7,58 64,8 39,4 8,5 1,2 7,8 14,6 13,8 352,9- 12,1
ML2 491 7,77 59,3 37,9 11,0 2,0 9,2 13,7 5,9 334,8 25,5
ML1 697 7,68 80,6 55,2 14,7 3,6 8,8 27,2 22,8 448,4 43,4
nT3 482 7,73 64,7 36,4 7,9 1,3 9,2 7,7 20,7 336,9 5,7
w261 778 7,60 102,4 63,0 17,8 0,3 6,8 78,0 66,2 400,5 49,2
GN2 5643 7,58 69,2 39,9 13,5 1,2 9,2 14,2 50,7 352,0 2,6
KH1 555 7,69 69,2 44,7 9,6 2,7 9,5 19,7 20,7 369,1 18,5
MLS 406 7,67 49,7 31,2 7,2 1,4 8,8 ..3,6 0,6 310,0. 1,5
RI1 426 7,90 45,4 32,0 '15,3 2,4 10,1 3,5 3,6 322,8 0,3
w240 605 7,5 73,1 48,8 10,3 0,8 7,8 9,3 13,3 -432,0 16,8
"ML6 374 7,76 41,2 32,7 5,6 1,8 6,1 3,5 0,0 287,9 0,7.
ML4 381 7,74 47,5 28,3 4,6 2,9 7,3 2,4 0,0 292,3 2,2
KH2 488 7,59 65,9 37,1° 3,1 0,8 8,8 2,8 0,0 363,8 14,5
ML3 145 6,93 10,8 12,8 5,2 3,4 10,8 2,4 . 0,0 106,2 b4
ML7 136 7,11 8,4 14,3 5,0 .3,5 15,2 1,2 0,0.102,8 . 0;3"
TS2 281 7,27 23,8 21,9 13,2 2,5 16,8 15,6 0,0 158,2 45,7
DTL 358 7,60 45,5 27,6 ‘5,4 2,0 10,9 3,1 0,0 266,2 10,1
© so1- 187 7,25 12,1 15,6. 9,0 4,0 13,5 2,9 0,0 .129,5 13,8
DT2 193 7,10 13,8 15,6 9,7 2,5 13,1 2,7 0,0 121,2 27,2
ST1 306 7,47 23,8 24,0 17,9 2,9 12,6 5,7 " 0,0 227,9 4,1
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studied area were derived from the following sourcé;?\~3prings,

sampled at Turffontein and Gerhardminnebron. Water from

Maloney's Spring 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 nonu-'the eastern boundary
(Table 9.1 nos. 4a, 4b, 4). The othér component consists of
effluents from Group II mines with an annual 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
coilécted 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
thé Water Pollution Control Divisipﬂ of the ﬁepa#tment of Water
Affairs. Results from'partial»gnalyses are avalilable and have
been plotted in Fig. 9.8 .and 9.9. Fig. ‘9;8 demonstrate the
range of .thé total dissolved solids (TDS). and sulphate ion
content involved in efflﬁents from Group I‘mines. In Fig. 9.9 a
linear relation of sulphate to TDé may be observed in effluents

from Group II mines. Groundwaters. Some fifty samples from

b§reholes and mine shafts were collected (Table 9.1) nos.

8-59). Distribution of the sampling points is limifed to the
: , '

available boreholes in the studied area. The sulphate iom.-

~ -TU" ‘-
content is also shown in Folder 9.1.
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Uncontaminated aquifer water constitutes a bicarbonate solution
with calcium and magnesium as major cations; and is
characteristically nearly devoid of any sulphate. The almost
total lack of sulphate, in these aquifers, is also concluded
from results of an investigation conducted in another dolomitic
unit, the Schoonspruit Area (Part 11); where no mining activity
occurs and which ié oﬁherwise analogeous tO-fu:ffontein Area.
Mineralization of natural water is accomplished in a dynamic
system. Higher mineralization of the groundwater is assumed to
indicate_ a longer water—roék interaction time period, which
'would account vfor - a more extensivé leaching brocess
(Schoeller; 1959). Cumulative leaching of bedrock 1in- these
formations ponseqﬁently enriches the groundwater in bicarbonate

and calcium and magnesium’ions; subject to various constraints.

.As previously stated, the majority of the groundwater
,ehcountered in the studied area, have, tb a minor or major
extent, been subjgct to éoncaminatién. - Nevertheless, some of
the samplés do represént original aquifer water. The dominant
sources of coﬁtaminatioﬁ consist of the mine effluents (Table
9.1 sample Nos. 4a-7). The actuai' mixing process is :rather
complicated for several Treasons: Firstly, the contaminating
sources do not reveal a strict consistency of concentration with
time, and = occasionally alsd §Hb§" farious compositions.
Secondly, the contaminating sources may come in comntact with

aquifer waters of wvarious mnatural concentrations ‘due to
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mineralization. Thirdly, mixing with CaS0, “rich-. solutions

4

(contaminants), introduces the effect of a common ion with

CaCO3. In other words, saturation in respect of CaCo

be reached at an earlier stage than otherwise.

3 may

Classification of waters

It is possible to classify the waters in the area into groups on
a more genetic basis, and.to define end members which in various
combinations Yield the mixed water samples..

Effluents

Were sampled at. points H;‘K,.J; Q; S; 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

ma jor cations. The two sources of effluents namely points H, K;

J and Q differ considerably. _ Water sémpled at points H, K, J is

of 1lower éoncentration, _TDS. around 500 mg/l, ion ratios,

‘expressed in reaction vé]_.ues: Ca 2 mg > Na and HCO3/SOA

~'high compared to samples from'poihts Q, S, T. The other source,

point Q, reveals high TDS, 1000 mg/l and more. Cation ratios in

reaction values are Ca™ Na > Mg. Significantly low bicarbonate .

is expressed in the :étio HCO3/SOA. s T
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Aquifer water (Uncontaminated) o -

Includes waters which developed naturally in the aquifer,
underwent mineralization but did not become mixed 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 vegetatioﬁ origin;‘
yet  some éXCess conte;ts; uncorrelated vwifh - effluents
contémination couldﬁprobably be attributed to .stock farminghand'
fertilizers. %hié group‘can-be further sub-divided into tﬁree
subgroups; a; b and c; The criteria followed is degree  of
lconcentraﬁién feflecte& by TbS ana HCO3. - The Ca/Mg ratio

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

»howeQer somewhat arbitrary.
Subgroup a

3 up to

150 mg/1. Such water 1is found presumably near the upstream

Includes low concentration water, TDS < 300 mg/l, HCO

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 pfe-dolomite aquifer which drains
into the studied area. Samples from SD1, DT2 and TS2 (Table 9.1

nos. 57, 58, 55) could also be inclﬁdeﬁ;'but contain more NO3




182

Subgroup b

Include medium concentration water. TDS are between 300 and
500 mg/l, while HCO3 concentration is 150-350 mg/1.
Representative samples come from boreholes ST1, ML4, ML6, RIIL,
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 KHZ; ML2 and
K13 (Table 9.1 nos.~52, 41, 34) are different only in respect of

high NO3 content. - |

Subgroup ¢ . : A P

Is  characteristic by being - even . . more concentrated.
| TDS >;500 mg/l -and HCO, > 350‘mg/lo A. sample from’ bérehole_
RT1 (Téble 9.1 mno. 36, Folde; 9.1,and:Fig; 9.10), 1is typical.
Sémples from boreholes BL2, W294, W240 (Taﬁl;_9.l nos. 35, 37,

49) are contaminated variants of -this subgroup.
‘Mixed waters

: By' fér the. largest group of samples consists of .contaminated
mixed water. Various degrees .of contaminatioﬁ can‘be observed
and all three subgroups of aquifer water may be involved.
Samples from boreholes WN3, WD2, WDﬁf“VEl and W26l (Table 9.1
nos. 9, 17, 19, 22, 44, Folder 9.1 ;nd Fig. 9.10) were selected

for illustration.
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Spring waters e

Samples from Gerhardminnebron 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 Vater 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’ wére investigated for the solubility of
calcite and - gypsum. A 'huﬁber of samples; representing the
mixed-water group; effluents;endjmembers and spring waters were
plotted in' Fig. 9.11; after Hem 19707 Fig. 9.11 -defines four
regions:’ . Unsaturated - in regArd lof -boﬁh | compognds,
-supersaturated for the same; a g&psum suéefsaturated zone and a
calcite supersaturated zone. Ionic strength was calcﬁlated and
ion activities were taken inté consideration. It appears from
Fig.A9.11.thét all samples'are undersaturaﬁed with reSpect to
gypsum. On theuothet‘hand.the bulk of ;he mixéd water samples
are saturatéd as regards éaléite. S;mples from borehole; WN1,
: Wﬁ7, WD6 and BKl (Table 9.1 ‘nos. iO, 18, 19, 27) with relatively
high sulphate and low‘bicarbonafe’fall in the unsaturated zone.
The composition of these waters pfobably indicates water with a

high proportion of effluents comparédigb'aquifer water.
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Because all investigated waters tend to remain Tunsaturated with
respect to gypsum, it is suggested that 804 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 sé_mpling point$,~was' established and since

January 1980, regq]?_,aﬁ‘_rﬂ_gmonthly.sampiing is carried.out at these
points. Results of the chemical analyses are .presented . in
Table 9.2. Sulphaté 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- € to T and the springs are .shown in Folder 9.1.

Average values of TDS and SOA were. calculated for.each station

(Table 9.2), as well as the 'relative- magnitude; in reaction

‘values of the ma jor cations and anions.

Surface waters with the ‘lowest TDS ' concentration come from

" Venterspost Mine at poi'nt' C, and from West and East Driefontein

Mines lat points E and G. The average TDS -at these points. is
435, 470 . and | 465 mg/i vrespectively, | and the sulphate
concentrations are 177, 176 and 178."?-::-.0;3'“:" Mg > Na at all three"
points and ASOA > HCO3 > Cl. At pdint c a fe'wv b.samples

occassionally show the relation 1-1C03 > SO4 > Cl.
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TABLE 9.2: . Chemical analyses of surface-water and springs from

Turffontein Area in milligrams per litre

Date TDS pH Ca Mg Na K si C1 SO HCO;  NO4

‘Sampling Point C C2M30

11/12/79 567 7,8 66,7 37,9 46,7 2,2 7,4 19,2 292,1 91,8 3,1
12/12/80 203 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 0,8 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 1,1
22/5/80 512 7,7 65,1 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 7,0 15,4 235,1 100,9 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 7,9 57,7 36,0 32,2 2,2 7,4 12,9 243,5 94,1 3.8
17/9/80 538 7,3 68,5 40,1 40,1 2,6 7,0. 16,0 273,1 86,5 3,6

Average 435 - : o o : i77
(7) $0,> HCOy> C1 Ca > Mg> Na (8) .
(4) HCO45 > 50, > C1 - Mg > Ca > Na (3)
» Ca = Mg

Sampling Point D, 1 m pipe

29/1/80 185 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 6,8 144,46 38,4 59,9 5,0 5,4 22,1 515,0 57,0 3,4
5/5/80 823 6,5 123,3 41,4 65,5 3,8 7,1-~22;7 -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 7,1 22,7 458,1 70,7 4,5
21/7/80 830 7,1 142,46 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 7,2 128,7 40,1 60,2 4,9 7,3 23,3 435,8 86,6 3,4

Average 839 ' 500
80, > HCO4 > Cl1 Ca > Mg > Na
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Sampling Point E, Canal from E + W Driefontein Mines

27/2/80 466 7,6 58,0 37,8 32,4 3,1 0,0 19,3 183,6 127,4 4,0
10/3/80 460 8,2 54,1 34,2 36,5 2,4 0,7 16,8 181,0 131,5 2,9
16/4/80 459 7,2 57,8 33,7 34,7 3,0 7,1 18,3 168,4 131,6 4,0
5/5/80 495 7,0 59,5 37,2 :35,8 2,7 7,5 19,5 197,6 131,8 2,9
22/5/80 481 7,7 65,1 .35,6 30,7 3,1 7,5 20,8 161,6 150,6 6,0
11/6/80 464 7,5 59,7 33,8 33,3 3,0 7,3 17,0 170,4 134,0 5,2
21/7/80 461 7,4 56,7 34,7 31,7 2,8 6,9 18,0 165,5 141,0 3,2
21/8/80 476 7,2 59,2 37,3. 40,8 3,7 7,2 19,2 -180,4 122,2 6,2

Average 470 ’ | 176
CaZ Mg > Na 80, > HCO3 > C1

. Sampling Point F Dividing box from Venterspbst Mine

29/11/79 721 7,4 127,5 31,8. 45,7 .4,3 4,6 18,2 411,27 75,5 2,4
18/1/80 735 ©7,1 118,5 40,9 48,7 4,5 7,3 23,1 407,4 . 81,3 3,7
12/2/80 849 7,1 145,7 41,7 54,4 4,9 6,0 19,2 493,0 . 81,2 3,3

©27/2/80 1065 6,7 198,9 44,1 60,4 - 6,8 0,0 29,1 696,9 23,4 4,9 .

"10/3/80 787 7,1 120,3 39,5 50,4 4,0 6,3 19,4 48l,1 63,9 2,4
16/4/80 826 6,8 139,7 39,0 59,0 4,9 5,5 22,1 490,6 61,4 3,4
5/5/80 822 7,0 120,2 41,6 63,9 3,7 7,0 22,4 486,7 72,9 3,2
22/5/80 810 7,3 133,5 39,7 55,0 3,5 7,2 14,9 470,3 - 82,6 3,6
11/6/80 710 7,3 117,6 38,8 48,7 3,6 7,2 20,6 384,2 84,7 4,8
21/7/80 708 7,1 112,4 39,7 47,6 4,1 7,0 21,8 369,2 101,3 4,8
21/8/80 718 7,3 113,8 39,1 47,4 4,3 7,2 20,8 393,3 87,5 4,9
17/9/80 789 7,3 126,4 40,1 58,0 4,8 7,1 23,9 442,3 83,2 3,3

Average 795 _ h - 461
Ca > Mg > Na SO >Hco3>CI.
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e

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
18/1/80 488 7,4 59,4 34,1 36,7 3,5 8,4 21,2 196,5 122,5
29/1/80 444 7,9 50,4 36,8 32,6 2,9 8,0 18,0 177,3 114,0
12/2/80 443 7,2 52,9 33,0 33,0 2,8 7,9 16,6 165,9 125,8
27/2/80 466 7,5 57,4 37,8 35,4 3,1 0,0 17,2 183,6 127,4
10/3/80 462 7,8 54,1 35,8 33,2 2,4 6,8 16,2 178,6 132,5
16/4/80 471 7,2 59,3 33,6 35,5 3,0 7,0 18,3 181,6 128,2
5/5/80 - 498 7,2 59,2 36,4 38,0 2,7 7,6 21,3 194,8 135,1
22/5/80 463 7,8 63,8 35,4 22,7 2,8 7,3 20,0 154,3 150,6
11/6/80 445 7,6 56,4' 34,2 32,6 2,8 7,5 16,5 153,7 136,1
21/7/80 462 7,6 57,2 35,0 31,1 3,3 6,8 17,5 164,0 144,1
22/8/80 482 7,2 59,6 36,4 40,1 3,7 6,9 19,6 18l,1 127,9
17/9/80 493 7,4 60,4 36,1 38,8 3,4 6,7 18,9 .200,1 123,9

‘Average 465 ' ' - 178
CaZ Mg > Na = . -soa> HCO; > 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
18/1/80 665 7,2 99,1 39,6, 45,0 4,3 7,7 23,2 346,9 94,3
29/1/80 669 7,7 101,8 37,2 40,4 4,6 6,6 21,7 373,4 79,5
12/2/80 663 6,9 100,0 38,2 46,0 4,1 6,8 18,6 361,8 85,6
©+27/2/80 879 7,0 156,8 43,4 53,3 5,6 0,0 26,3 535,4 53,5
'10/3/80 666 7,2 ~91,9-A36,8 43,6 3,1 6,4 18,2 374,7 89,0
16/4/80 645 7,0 97,1 36,2 47,2 3,8 6,3 19,7 337,0 93,8
5/5/80 669 6,7 92,7 39,4 49,6 3,2 7,0 20,2 357,4 96,3
22/5/80 597 7,5 92,8 37,7 41,9 3,0. #,2 14,0 278,5 112,7
11/6/80 597 7,4 93,2 37,1 43,3 3,4 7,2 118,5 282,8 106,2
21/7/80 582 7,2 87,5 37,3 41,5 3,6 7,0 20,2 260,9 119,3
21/8/80 612 7,1 92,9 38,3 46,7 4,6 7,1 21,9 285,9 110,1
17/9/80 599 6,9 83,0 37,4 46,4 4,2 6,8 21,1 285,4 111,2

Average 651 _ 340
Ca> Mg > Na 50, > HCO5 > C1
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Sampling Point J C2M57

Ca> Mg > Na

SO4 > HCO45 > C1

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 39,0 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 21,2 361,64 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
27/2/80 822 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 3,1 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 36,8 3,3 7,0 19,1 244,3 129,2 3,5
22/8/80 594 7,0 88,5 38,3 47,3 4,2 7,1 20,8 271,3 110,3 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
Average 631 321
Ca > Mg > Na S’OA > HCO4 > C1
Sampling Point K C2M32
29/11/79 630 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 22,6 339,0 . 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 91,3 3,6
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°719,1 298,0 104,1 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
17/9/80 596 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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Sauwpling Point L C2M44

Ca > Mg > Na

804 > HCO3 > Cl

27/2/80 511 7,4 62,9 40,4 40,6 2,6 0,0 16,7 238,5 104,6 &,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 49 7,3 69,5 36,1 36,6 2,9 7,2 15,7 202,3 119,9 5,6
11/6/80 516 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) 804> HCO; > C1 .
Mg > Ca > Na (2)
Sémpling 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 7,2 131,5 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 6,0 8¢,1 37,7 47,2 4,2 6,6 20,9 288,4 110,9 3,8
. o
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
16/4/80 665 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 20,3 263,4 100,4 1,1

609 341
Ca> Mg > Na S0, > HCO4 > Cl .

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 64,2 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 19,7 359,4 65,3 1,6
15/5/80 593 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 SOa>Hco3>Cl
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Sampling Point P Railway Brdg.

Inflow to Welverdiend Dam..\ h

27/2/80
10/3/80
16/4/80
5/5/80

22/5/80
11/6/80
22/7/80
22/8/80
'17/9/80

985
657
632
592
605
516
546
547
519

622

6,8
8,3
6,7
7,3
7,6
7,8
7,0
8,6
7,1

131,5
89,3
92,7
77,3
78,9
71,2
76,1
68,7

60,4

42,5
37,5
36,5
38,6
39,7
36,6

38,0

35,8

35,3

Ca > Mg > Na '

SO

122,2
44,8
45,5
47,0
49,9

44,8

43,5
43,5
45,0

4

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

0,0
4,6
4,7
5,3
3,9
3,7
2,9
0,0
1,1

> HCO4 > C1

157,8
21,2
19,7
21,3
20,9
20,5
21,3
22,7
21,2

460,0 57,5 4,6
412,8 41,5 1,2
360,0 67,5 1,7
320,8 75,7 2,0
341,2 64,5 2,8
231,4 100,2 3,7
276,3 79,7 3,5
285,7 84,8 1,4
282,0 68,0 1,7

330

Sampling Point Q C2M60 Inflow to Welverdiend Dam,

Group II mines .

118/1/80
29/1/80
12/2/80
27/2/80
10/3/80
1674/80
5/5/80
22/5/80
11/6/80
22/7/80
22/8/80
17/9/80

Average

1325

1013
1213
991
855
924
1075

- 1044
- 2030

1162
1238
1368

1187

6,2

7,4
6,6

6,7

6,7
6,5
6,3
6,5

6,4

6,7

6,6

5,3

152,8
123,5
163,6
124,3
106,8
116,9
113,5
140,8
273,6
165,1
150,1
154,1

62,0
34,9
39,3
42,1
28,1
30,7
34,4
43,5
92,9
32,1
44,1
55,9

166,0

129,1

161,2
132,8
114,6
133,4
168,4

134,3

325,6

.168,2

184,0
168,2

13,9 11,4

15,2
17,4
10,8
13,5
14,4
14,3
13,1
15,8
16,3
15,8
13,8

Ca > Na > Mg (9)
Na > Ca > Mg (3)

8,3
9,0
0,0
7,8

7,4

7,9
9,0

7,3

5,8
6,2
9,4

123,1
121,7
112,2
102,9
93,3
100,0
132,3
107,3
839,4
127,2
251,8
119,5

763,8. 17,3 14,2
498,2 73,6 8,1
646,8 53,3 9,7
521,6 46,4 9,7 .
420,7 59,3 10,9
447,7 63,5 10,4
504,1 - 85,8 14,3

541,8 38,4 15,6
429,9 ° 29,7 15,3
554,9 74,0 . 17,9
517,4 52,0 16,8
835,4 = 0,3 11,2
557

C1> HCO,
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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 12,2
29/1/80 543 6,8 117,3 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 6,7 134,44 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 K56,6 188,5 14,0 8,9 241,6 762,8 0;0 5,9
Avérage‘ 927 , . ' o | 466

Ca > Na > Mg ) S0, Cl > HCO4

Gerhardminnebron Spring

1 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  240,0 0,0
5/71 7 "261 8,0 42,0 23,0 25,0 - - 14,0 29,0 244,0 0,0
7771 256 8,1 48,0 33,0 4,0 - © - 18 24,0 258,0 0,0
i0/711 243 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 . 0403 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
16/4/80 366 7,6 55,2 31,9 7,7 0,7 80 7,1 49,2 203,5.2.2
5/5/80 363 7,5 53,5 32,1 8,2 0,983 ‘8,1 49,1 199,8 2,5
122/5/80 373 7,5 55,8 28,1 8,1 1,2 8,1 - 8,4 59,5 3201,7 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 0,9 7,8 7,8 51,8 1952 1.7
4Average . 364 | ' o 50,2

Ca¥ Mg > Na HCO, > 50, > C1
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Turffontein Spring

6/69 585 7,8 67,0 50,0 21,0 - - 53 115,0 275,0 4,0
11/69 594 8,3 68,0 50,0 31,0 - - 99,0 87,0 259,0 0,0
5/71 416 8,3 55,0 39,0 24,0 - - 36,0 134,0 250,0 0,0
7/71 397 8,0 64,0 40,0 22,0 ~- - 36,0 98,0 256,0 9,0
10/70 417 8,1 57,2 36,5 43,3 - - 23,7 123,2 266,7 -
6/77 583 7,7 72,0 40,3 36,2 1,5 6,7 33,3 147,1 240,9 11,6
1/79 - 605 7,7 73,4 42,7 30,1 1,1 8,4 25,6 156,9 256,6 10,1
18/1/80 529 7,5 71,1 42,1 26,3 1,2 9,6 22,7 148,9 202,0 5,1
29/1/80 532 7,4 69,3 43,9 25,9 1,3 9,5 24,4 .147;5 ©207,6 2,4
12/2/80 520 7,6 72,8 41,1 26,7 1,4 9,6 23,7 138,9 201,4 3,9
10/3/80 /58671 7,5 (70,1 41,1 26,7 1,3 8,4 22,2 199,6 2,2
16/4/80 527 7,5 72,7 40,8 27,0 1,1 8,2 21,1 204,8 2,3
5/5/80 525 7,4 70,3 41,1 27,5 1,5 8,7 24,3 204,5. 2,6
22/5/80 527 7,4 75,4 37,1 26,3 1,2 8,4 21,1 205,324

11/6/80 507 7,7 64,4 39,2 27,6 1,4 8,6 22,0 144,2 196,6 2,7
22/7/80 514 7,8 73,2 42,7 26,2 1,3 8,4 22,4 133,7 203,8 2,5
22/8/80 526 7,9 70,4 40,7 26,9 1,4 8,1 22,7 150,3 203,2 2,3
17/9/80 523 7,6 71,7 42,4 27,3 1,2 8,2 22,9 151,6 196,2 1,8 .

Average 523 : . ' ' , 146,6
CaZ Mg > Na’ HCO5 = 50, > C1*
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TABLE 9.3: Sulphate concentration of surface-water and springs from Turffontein Area, in milligrems-per litre

Turffon=  Gerhard= Welverdiend Dé‘m' Nature Reser’:’ve Di\'liding Box

tein Eye mninnebron. C2M69  C2M60 Railway Road ' | C2M44 C2M32 C2M57  Mixed W + E Dri. Venterspost 1 o pipe C2M30
Date . Eye "R Q P 0 N - M . L K J H G F E D c
6/69 115,0 3,0
8/69 154(2) .
11/69 87,0 10,0
5/71 134,0 29,0
7/ 98,0 24,0
10/71 123,2 33,2
6/77 147,1 38,5 )
1/79 156,9 ° 49,1 o ’ -
1/79 156,8 48,8 ' .
29/11/79 569,1 337,0 : 33,7 .341,3 - 334,5 180,6  411,2 L C
11/12/79 586,4 o ' o 292,1
18/1/80  148,9 52;3 ~566,9 763,8 - 350,5 344,5 324,9 . 339,0 339,6 340,8 196,5 407,4
29/1/80 147,5 51,3 148,8 498,2 - 409,3  421,2  388,4 370,4 361,4 373,41 177,3 480,5
12/2/80 138,9 40,8 558,6 646,8 391,3 429,7 336,6 o 397,5 336,9 361,8 165,9 493,0 39,5
27/2/80 ’ ' 435,4 521,6 460,0 430,7  462,8 283,5 - 519,4  490,7 535,4 183,6 696,9 183,6 755,8 257,,2
4/3/80 154,2 49,9 , - A )
10/3/80 154,4 50,7 432,2 420,7 - 412,8  422,1 416,3 343,9 128,4 348,9 339,0  374,7 178,6 481,1 181,0 503,6 66,7
16/4/80 148,7 49,2 409,1 . 447,7 360,0 359,64 335,2. 331,9 148,7 347,4 -343,6 - 337,0 181,6 ~490,6 168,4 515,0 66,7
5/5/80 145,6 49,1 , 418,2 504,1 320,8 320,4 320,0  288,9 170,2 300,% 290,3 357,4 194,8 486,7 197,6 490,5 68,4
11/6/80 144,2 48,3"{4; 344,0 429,9  231,4 264,8  214,6 294,2 240,7 '298,0 293,7 282,8 153,7  384,2 170,64 458,1 235,1
21/7/80 133,7 47,1 ~A7f 471,3 554,9  276,3 272;7 273,0 248,3 240,1 258,9 244,3 260,9 164,0 369,2 165,5 463,2 235,0
22/8/80 150,3 52,4 . 482,3 s17,4 285,7 265,64 265,0 267,3- 200,1 281,6 271,3 285,9 181,1 393,3 180,4 452,7 243,5
17/9/80 151,6 ’ 51,8 762,8 835,4 282,0 283,1 263,4 = 288,64 255,7 286,1 279,8 285,4 200,1 442,3 435,8 273,1

G61
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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/1l, Ca > Mg > Na and
Soa> HCO3> Cl.
At the outlet from the dividing box at point H, TDS = 651 mg/l,

SO, = 340 mg/l, Ca> Mg > Na and S0, > HCO4 > Cl.

Water entering the 'eéstern‘-boundary of Turi‘ffontein Aréa~is
monitored a£' three points J, i(»and L. . At sampling poiht >J
"(C2M57),  TDS - 631vmg“/1, S0, - 321' mg/1," Ca > Mg > Na,
S0, > HCO4 ‘>_ Cl. At sam‘pl‘in'g pc‘>i’nt K, TDS ="6.44 mg/1,
SO4> = 334 mg/l,  Ca > Mg > Na a;ld 804 > HCO5 > CI. \. At
'sampling .pbint'L,' water with low TDS concentration’- come from
Venterspost: TDS = 485 mg/1, ‘VSOZ" =‘203 mg:/l,‘l Ca = Mg > Na, ...
S_04> HCO3? Cl.

Water monitored from the eastern bouﬁa‘a'ry down to Welverdiend -
‘Dam. at points' M, N, 0, P does not _show any. marked difference or
increasé’ in TDS concentration. Sampling point M at the inflow
fo the ~Car1et.onvill'e Naf:uret Réserve 7 TDS = 633 mg'/i,
S0, = 321 mg/1, Ca > Mg > Na, S0, > Héo3 > cl. At
sampling point N, outflow of the same waterv TDS = 609 mg/l.,
80, = 341 mg/l, Ca.> Mg > Na, S0, > HCO; > Cl. At
éampling quint 0, TDS \'='~;_§,97 mg/1, SO4 = 335 mg/1,
Ca > Mg > Na, 304 > HCO5 > ci. -At' sampling point ‘P, t/he'

inlet to Welverdiend Dam, TDS = 622 mg/l, SO4 = 330 mg/1,

. Ca > Mg > Na, SOA> HCO3'> Cl.
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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 1is a significant ion ratio

combination with Ca= Na > Mg and 80, > C1 > HCO,.

Water sampled at the outlet of Welverdiend Dam; point R, is a
mixture of point Q water .and points P; 0; ‘N ‘water. This

' - 446 mg/1,

4
while the ion ratios are Ca > Na > Mg and SO, > Cl > HCO,."

reflects itself in the TDS = 927 mg/l, and SO

4 3

As already mehtioned'before; groundwaters in this area have been
. affectéd”by cbntamination; and. this may be noticed when anaiyses

from the two springs. are inspected. At  Gerhardminnebron

7

TDS = 364 mg/l, - 80, = 50,2 mg/1, . Ca = Mg. > Na,
HCO, > SO, > ci. - At Turffontein TDS = 523 mg/l,
S0, = 147 mg/l, Ca= Mg  Na, HCO, = 50, > Cl.

F;om the above4describéd'.chémistry of the water it may be
<concluded.that;the sélinity of thé effluents from Group Ivmines
has increased substantiously compared to ‘pfevi¢us data
(Fig.-9.8). Although regular monitoring covers a short ﬁeriod
of 1less than one ‘year, if is  assumed that. the increase of
salinity has started earlier, naﬁély;"with the interception of
Donaldson Dam water.which<began in Seﬁtember 1977. Thus the
relative amounts ofbeffluents delivered by the 1 m pipe have an
impbrfant impact on the total salinity of water spread o?er 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 Group II mine effluents.
Suggested model of groundwater contamination

The aquifer in the studied area may be conceivéd as a reservoir
into which near-constant amounts of contaminating effluents are
recharged. Only part of the added salinity drains from the
syspeﬁ in the course of each successive discharge'event.: Thé
reﬁaining' salinity tends to accumulate éna increase the

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

- to explain the obsérved data; and which may; after establishment

of a proper monitoring system;‘be'employed to:

'(a) calculate the COtél storage in the aquifer, and

(b) Predict salinity development in the aquifer.

"In the model, the‘aquifer will be viewed as a éingle comparthenf

.-kin'which the contaminant has.alunifdrm 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. ST
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At some initial time t° it will be assumed that the aquifer

—

has a storage Vo’ and that the concentration of confaminant 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.

v . £) - Q (t | 1
T T 9 (®) - () ey
where QI (t) ‘denotes the recharge of the  aquifer at time t and
Qo(t) the spring flow at time t. Similarly, the concentration

in the aqpifer will be gdverned<by a mass balance equation: -

Rate of change of mass.in’aquifer.

= Mass flowing in - Mass flowing out, or,

36 (V) = Cp (£) Qp (8) - C(¥) Q(t), - (2)

where CIl (t) deqotes the concentration of the contaminant .in:
the recharge water. .it-is assumed héré that the concentration
CIl is-Aaveraged éver alll the reéhargeé. taking »place: to the
aquifer. Note th;t the ¢6ncentra£ion' C(t5 of the outflow is
assumed to be‘identicai to that of the aquifer.. Fig. 9.12'gives
a schematic outliﬁe of the'suggested n}f)del°

::::ia R

CICI

Fig. 9.12




200

Subject to the initial condition V(t ) = V_, equation (1) is
solved as

t
V(t) = Vo + \jr{QI(s) - Qo(s?} ds (3)

to

Equation (25 is solvable, only if'th):>-O for all t > to, that
is to say only if the étorége of the aquifer is never equal to
zero, i.e. ﬁhe aquifef is dry. ‘In this case .dne derives,
subject‘to tﬁe initiai condition C(té) = Co:

t t 't

to

- | (fo@ ) fe@ae [ oo §
C(t) = Co exp = _VTES_'dS + —(s) —exp 4 - _Vf?j_dr ds (4)
. . to e R s T :

EqUations'(3)_and (4), 'in the above quél, describe the storage

an§ concentration of contaminant in the aquifer at ;ny time t.

- To give Some_physical megnigg to.equationé (3) aﬁd 4), note that
‘V(t) = Vo for a11 tI> to

if,'ahd'qnly if

Qp(t) = Q,(t) for all t > to-

~5 e

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

and only if, the outflow matches the recharge at all times.
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Consider now the special case where at all times the inflow is

—_—

n

'edual to the outflow and constant, i.e. QI(tSk éOZt) = Q
for all t and therefore V(t) = V, for all t. Suppose further
that the initial concentration C0 = 0, and contaminant 1is
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

c(t) =C [ 1 - exp{u——)} ] for all t> t - (5)
| i | 7% 5

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 feaching, the

concentration of the source. .

)

Concentration

+Y

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. 9.1l4
. —_— % 10 "1 ,
Q :
t
)
= .
©
Q
)]
0.,
At
Q .
£ . . PR
< 4
5' loQID(CI‘C(t)) ‘\\\\‘\~\\‘~\\\\\‘ .
t . .
o C. - c(t) / c.
ot , log scale 1
Fig- 9014

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

- the aquifer

o , At .
Vo =~ Qlog, e ATog,, (€ - C(D)

“and the time at which contamination began by the intercept where

C(t) =0 (or C = C(t) = C,)»

It is most regretful that continuous?mgnitoring of effluents and
:spring'wacers did not accoﬁpanybthe.épreading-of,water over the
Turffontein. Area during the periéd. prior to 1979. In the
absence of the necessary data, a certain measure of‘uncertainity
remains concerning the interpretation of the mechénisul of the

aquifer.
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Several older water analyses stored in Vthe data—bank _of the
Department of Water Affairs are presented in Table 9.2 and 9.3,
and the sulphate 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;l6/i977-L/1979, the
sulphate increase& from 38 to 49 mg/i. Apparently some decrease
rin salinity might‘have taken pladelas well between these fwo
' périods; naﬁely‘ duriﬁg‘ §he <in§erva1 1973-1976, afor'*which no

measurements are at hand.

fIn Fig. 9;16;‘the stdrage in the aquifgr has been calcﬁlated
laccording to the above -suggested model.  The  two periodg
1965-1971ﬁ and '1977—1979; .were’ tréated: independentiy.m- 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' involved in the mixing process.

Thg_salinity at the odtfléw iélassumed to have stabilized around
- 50 mg/l sulphate cdncentrationf Equilibrium has therefére
probably Been reached, and. the outflow concentration may reflect
the mixture ratio of uncontaminated reéharge water to recharge
from effluent sources. Thé congehff&tidn of  the percolating
effluents ié expected tovbe somgwhat<higher than 180 mg/1l SO4

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

pipe), due to the fact that some water of Groub IT effluents




204

Milligram per litre SO;
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Fig. 915

Concentration of sulphate in water
from Gerhardminnebron Spring




TIME SCALE MONTH

. Calculation of storage water involved in
mixing- at Gerhardminnebron, Spring

/1363
- 67559

2} folTh

29| MONIH
-t

B

Vo=QxLOGw E

PERIOD 1977/ 1979
oate- Cin  Ci-Cm

Cenem | 8s Wy -

RYAL:CI T 3

Vo =2,36x10%M3x 0,43x 22

Vo = 29,6 x105M3
wHERE C1252 MG/L

Q =2,36X10513 /MONTH

20 30. 40 506070

AT .
ALOGiw0 (Ci-Cin))

PERIOD 1969/197
palE Cm Ci-C

6/1969 | 3 .3
Wies | 10 0
snan | ® oon

wngn | 33 7

Vo= y85 X105 X0, 3x 42
Vo=33,5x106M3
WHERE C1= t0MG/L
Q=1,86x105M3/MONTH
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also finds its way to Ggrhérdminnebron Spring. If;—for_the sake
of argument the average concentration of the effluents is taken

as 200 mg/l SO this would mean that some 25% of the total

4!
~recharge comes from this source; equal to about

7 x 106m3/year.

Data from TurffonteinASpring (Tables 9.2 and 9.3) do not allow
‘any calculation of ‘'storage. On tﬁe other hand;}as it appears

.thatAthé salinify istmore or less constant; one would like to
find the relative proportion Between .uncontaminated techargg
water and efflueﬂts. .The difficulty lies wi;h the fact thaﬁ it
is npt'cleaf.what‘averageésalﬂnityucohtributes,to»Turffbntéin
‘Spring 4sySteﬁ. The- AVérage 'concehtratién of the contaminant
should Be between(180 mg/1 sulphateras encountéréd iﬁ effluepts
:frbm éroup I mines;<and 557'mg/1;‘which‘is the concentration of
effluents from Group iI mines. Saliﬁiﬁy of 180 mg/l cannot be
accepted; as this would mean that all the water at Turffontein
Spring consists ofjeffluents. On the' other hand, if the more
concentrated efflﬁents are-AtheA.sole‘ con;ribu;érs,\‘it' would
indicate ' that *27%"of ,the. spriﬁgwater consists of effluents.
-Because of tﬁe relative quantities involved, it is obvious that
the'.shlphate éoncentrétion must ~ be considerably 1lower than
557.mg/1. It ﬁay thﬁs be conclﬁdéd that the relative proporfinn
of the effluents is_muéh higher thdﬂafS%; a minimum of.33Z may
not be far-fetched if one compares thé sulphatg, sélinity of
sampling point R (466 mg/l), with 147 mg/i, the salinify at the

spring.
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- spring at such a:high rate of progress.
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Discussion - ' —— _

" .The increase 1in 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; o, P); a fact which' could

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 - underground flooding; and  enormous volumes of

-highly contaminated water Vere diverted into . the river-.(W.L.

Cousens; ‘personal communicatibno. No: figures are 'avaiiable
concerning. quéﬁtity and‘ quality. Excépt for this, event, the
coﬁpositibn of the éffiuents pfior to 1977 was very much the
same as what is presentiy obse;Qed at sampling point G. 1In both
episodes describéd;= it 1is doubtfull whether the pulse.: of

excessivély contaminated water could, in actual»fact,‘reach the

An additional simultaneously pperating fact§r  to explain the
bbserved facts would .bev a chéﬁgfﬁg"heédv of groundwater
upstfeam. It emerges from.Fig. 9.5, 9.6, 9.7 and 10.5Athat tﬁe
discharge at the springs reacts nearly instantaneously to.
changes of groundwater levels. 'Oﬁe 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 grouﬁdwatefE “underlies the
river zone as 1is 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
pe;colation of effluents. Due to the rise of groundwater
levels; a steeper gradient is created and consequgntiy bigger
amounts of groundwater flow towards the spring. Quantitatively,
most of the groundwater supplying the spéing system comes from
‘the direction df'therriver;,and because this body of water is
contaminated, a-rise bf‘sﬁlinity in .the spring; from a steady
threshold conceﬂgration;‘may be xelate&rto.tﬂe increase of the

hyéraulic gradient. Fig.:-,9.17 outlineé. ~this  concept
scﬁgmatiéélly. :ﬁncéntaminated-groundwater; north -of ‘the river,

pushes the contaminated body towards the spring. ‘The\aquifef is

confined in places only and replenishment into the aquifer takes -

place all over the outcrops;-so-that the contaminated water body
thus becomes diluted while 4moving - downstream . towards the
outlet. Dilution 1is further achieved through- mixing with

groundwater from the southern sector. of the area.

The 'above - explanations . may .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 perl&d?'mﬁy not strictly be the

case.
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MAP SHOWING INFERRED GROUNDWATER FLOW PATTERN
AND THE AREAL EXTENSION OF THE CONTAMINATED

GROUNOWATER BODY

l 1 AF;T;FICMLRE;CNARGE 1 ‘ ll

BY MINE EFFLUENTS

CONTAMINATED BASE AQUIFER
GROUNDWATER BODY

SCHEMATIC GEOHYDROLOGIC CROSS SECTION EXPLAINING THE
INCREASE OF SALINITY AT GERHARDMINNEBRON SPRING
AS A RESULT OF A STEEPER GROUNDWATER GRADIENT

Fig, 817
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Conclusions ' T L

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

effluents (section 9.5).

The sulphate contént'invgroundwater and springs has been used as
a reliable parameter to indicéte quantitavely ‘the ranges -of
éontaminatipn. It.emergés.froﬁ_this study thét Gérhardminnebron
and Turffontein areas. seem to  represent two separate spfing
systéms; yet each system is being cbntaminatéd-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 noted that the concentration of effluents from Group I
mines increased since 9/1977 due to additional quantities of
more concentrated waters  ffom' Donaldson Dam. An increase of

inflow salinity Ci to the aquifer may thus be anticipated.

. Judging by the proportion of effluents to .uncontaminated aquifer

water, assumingly in equilibrium in the spring systems, it is

evident that percolation through the central sector along the

Wonderfontein River is veryihigh.‘?iﬂé total recharge in this

sector is expected to be even'higher if hatural rain and run-off
recharge 1is added. Similar conditions were  noticed 1in.

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. Table 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. In spite of the irregular occassional nature 'of sampling
at Boskop Dam during the laét decade, two periods~.,1§71—1972 and
1978-1979, during which a-distinct higher salinity prevailed,
can be notiéed.' These periods may be correlatéd., with .the
outflows from Tur-ffonteir.;. Area ‘as monitored at Gauging. Station
C2M69 (F'ig. 9.1)s . Obviously the Arouti.ne -flo{vv of contamin_ated-'
water into Boskop Dam.would have ‘-'an im/pact on the quality of the

water stored in the;dam; a: factor to -be considered in water

pianning of this area.
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6,4

TABLE 9.4: Chemical analyses of water from Boskop Dam in milligrams per litre

Date Depth/m TDS pH Ca Mg Na K Si ClL SOI‘ HCO3 N03
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
17.9.68 7,0 472 7,3 44,0 39,0 23,0 - - 14,0 35,0 317,0 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
6.3.69 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 8,6 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 8,20 40,0 37,0 14,0 - - 14,0 3,0 275,0 0,0
15.1.70 5,0 346 8,4 36,0 35,0 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 - - 21,0 62,0 250,0 0,0
26.1.70 0,0 422 8,1 38,0 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 67,0 244,0 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 55,6 199,2 0,0
12.1.72 5,5 .35 8,3 29,0 34,0 15,0 - - 13,2 52,0 202,0 0,0
8.3.75 0,0 330 8,6 27,6 34,0 9,7 1,2 - 3,1 33,8  220,1 0,1
8.3.75 8,0" 268, 9,1 14,6 32,7 9,7 1,5 - 2,9 31,6 1753 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 5,5 365 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 26,0 0,0
29.3.77 21,0 45 6,5 3,0 2,0 2,0 2,0 3,1 2,0 14,0 19,0 0,1
4.4.77 0,0 377 7,8 36,4 30,3 15,9 2,2 4,9 6,7 26,5 258,5 0,3
4.4.77 5,0 383 7,7 37,7 31,7 15,7 2,2 4,9 6,7 27,1 261,3 0,3
4.4.77 12,0 406 7,7 42,0 33,0 15,5 2,1 5,7 6,1 28,8 277,64 0,6
7.11.77 0,0 404 7,7 38,0 35,6 9,6 1,8 5,2 :10,1 34,0 272,9. ‘1,1
13.12.77 0,0 378 7,6 36,0 33,9 12,5 0,6 5,6 10,7 38,9 - 244,46 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 .
14.6.78 0,0 455 7,9 57,9 33,9 14,9 1,8 6,3 9,6 71,8  262,5 2,2
8.8.78 0,0 . 480 7,8 60,1 35,6 16,3 1,7 4,9 12,2 90,2  259,7 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 93,3 255,9 2,2
27.11.78 0,0 477 7,8 57,7 38,6 16,5 1,4 5,3 11,4 86,7 264,0 0,8
3.1.79 0,0 341 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 0,0 446 7,9 50,2 39,2 16,1 1,3 13,7 71357 249,5 2,3




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 yields and observation periods are
given in Table 10.1.
TABLE 10.1: Annual discharge of springs in the studies area
. 6 3
Annual discharge 10 m
Spring Observation period
' Minimum Maximum
Bank C2M30 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 1is still wvaguely defined. Montly diécharge

figures for each spring are plotted on hydrographs, Fig. 10.1,

>

Fig. 10.2 and Folder 10.l. Discharge amounts were corrected to
represent thirty-days months. Also shown in Fig. 2.1 are former
springs which stopped flowing in consequence of over—pumpage oY
dewatéring of dolomitic groundwater flooding underground
workings of gold  mines. Two of the spring systems,
Gerhardminnebron and Turffontein have recently been contaminated

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

For most of the 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 karsfic carbonate terrains from
various parts of the world. The occurence of a typical
receesidn curve duetto tﬁe alternation of distinctrwet and . dry
seasons often enabled researchers to develop applicable formulas
to calculatev the stcrage ‘of the aquifer 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 Kkarst 'systems and a "weathered

zone” of mainly fiuvio-glacialt‘deposites.~ Clays are abundant

-and the aquifer is often Jloealiy confined or semi-confined.

This set-up differs considerably. from classical active karst

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

the prolonged rainfall season and the lack of. a .short. peak

rainfall period. To,counter-affecf\Eﬁe"nétural depletion of the
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aquifer during the dry seasons, some recharge méchanism must be
operating all through the year. Part of the natural recharge
into the aquifer takes place immediately following
precipitation, this 1is 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 feveals a bhase difference of four: to
‘six months. This phenomenon could be féllowed due to the .
introduction 1lately, of automatic recording. The lag can be
4traced only during the winter as base flow during summer time
cannot Se,effectively separated from run-off. 1In Fig. 10.3.a
-four .ﬁonth phase difference between a rainy epiéode and an
~increase of the discharge at Turffontein :Spring can be
observed. A rainy episode consists of .a sgquencé of rain days.
In Fig. 10.4 the same~phasé difference amounts to six montﬁso- A
phaée shift of six months is suggested when mohthly discharge at
Bank Spring is compared with the monthly réinfall data in Fig.
10.1.

It is thus concluded that )the natural repleniéhment in the
" dolomitic aquifer involves, schematically, a two-phase system:
A relatively immediate'phase, and a later delayed. one. Every
" rain evisode would affe;t the aquifer storage twice, first when
direct recharge takes place and agéfﬂﬁéfter several months, on
the arrival of the delayed recharge phaée.~ In late summer the
diréct and delayed recharge phases are expected'tO‘coincide. A
complete no-recharge period hardly exists, a fact wﬁich would

account for the lack of an annual recession curve.
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-

As a working hypothesis immediate recharge may beconceived 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 vertical 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 hydrogtéph-ﬁhich is pracfically a reflection of the

total amount of recharge vs time.

There appeafs'to be a r;pid response of spring flow to changes
_ of water levels in the aquifer as noticed in Fig. 10.5 where the
discharge at Turfféntein Spring is éhown'against a water-level
hydrograph of a borehole (SW1) upstream. Retarded vertical

percolatibn probably accounts for most of the time lag.

It is hoteworthy that in areas wheré -artificial recharge of
- effluents has lately become'quantitativelyisignificant, e.g.vat
Turffontein vSpfing, the present recbrds.'of discharge diffep
markedly from‘previous'records-i.e.Aimmediate :echange conveys
' the impression of a recession ZAufiig"the dry seéson (Folder

1001)'.
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Long-term rainfall-recharge relation

The relationship between annual natural recharge and rainfall

has been studied. The study concentrated on DMaloney's spring

where many years continuous records of discharge are available.

Maloney's Spring is the only known outlet of groundwater from
the Steenkoppie Compartment. The Compartment extends over an
area = of approximately 170 km2- 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.A Abstraction
quantities used to be small compared to the potential but have
6 3

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 éalculated as the arithmetical mean of
number of stations (6 to 10) in the studies 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 1is referred to as a hydrological year.

The corresponding meteorological year 1is 1 September to
31 August, six month previous. By selecting the hydrological
year in this way emphasis is 1aidAon 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 the spring and mean rainfalls are listed in Table

10.3. The plotting of these wvariables did not show any

comprehensive interdependance.




- amounts” of rainfall in the studied area, in mm

Rain Season . Station No.

1/9 - 31/8 474/ 474/ 4741 AT4)  474) 474/ 4T4) 474/ 474/ 475/ 475/ 475/ 475/ mean 475/

242 255 198 502 679 680 751 78l 790 19 121 338 - 370 456

1907/8 499 686 - 629% - - - - 611 624 540 564 - 462 576 631

1908/9 795 941 . - 762 . - - - 1 071 823 794 945 - 1012 892 1 727

1909/10 441 668 - - - - - 560 591 567 648 - 638 587 720

1910/11 600 747 - - - - - 830 597 713 815 - 687 712 864

1911/12 532 595 - - - - - 566 439 566 528 - - 509 533 568

1912/13 398 715 - - - - - - 507 637 675 - 566 583 589

1913/14 358 467  456* 391 - - - 407 509 565 423 - 426 444 488

1914/15 788 724 819 . 947 - - - 603 - 714 661 955 - 1109 813 959

1915/16 494 558 386 600 661 - - 524 557 510 532 - 569 538 - -

1916/17 - 514 S6h 638 608 - - - S00%* 528 543 - 762 591 967

1917/18 - 700 742 883 - - - - 867* 877 925 -~ - 1057 864 1 236

1918/19 - 346 498 703* - - - 659 558 506 673, - . 699 598 657 N
1919/20 424 418 510 479 642 - - 394 456 543 396 - 605 486 600 w
1920/21 . 532 563 529 642 726 - = 728 626 556 © 701 = 666 626 742

1921/22 690 425 527 S97 662 - - 538 555 - 475 . 462 - 740 567 682

1922/23 498 445 513 683 611 - - 687 692 L T 715 614 889

1923/24 431%* 300 433 549 271 .- - 624 503 - 434 " 464 556

1924/25 - 7715 947 929 674 - - 882 574 - 970 843 1 176

1925/26 - ,,.;»397 611 589 473 . - - . 57 441 - 633 538 639

1926/27 - %512 482 594 579 = - 519 476 - 653 569 620

1927/28 - 598 724 718 59 - - 560 . 456 = 676 613 182

1928/29 - 458 638 167 617 - - 745 561 - 655 651 - 855 /
1929/30 - 532 647 852 790 = - - . 695 - 730 717 888

1930/31 534 400 387 647 454 - - - 404, - 680 S14 679 ,
1931/32 415 412 395 451 472 - - 475 437 - 549 467 596 I
1932/33 362 376 . 427 499 - - - - 416 - 472 479 544 /
1933/34 753 550 ° 689 735 - - - - 620 - 759 691 820

1934/35 484 490 748 652 - - 559 510 533 602 . 591 - . 661 583 677 ’

1935/36 - - 629 675 633 - - 723 521 590 586 586 o - 721 630 770




Rain Season

Station No{i

1/9 - 31/8 474/

474/

830

1 063

474/ 474/ 474/ 474/ 474/ 4?4/ 474/ 475/ 475/ 4i5/ 475/ mean 475/
242 255 198 502 679 680 751 781 790 19 121 338 370 456

1936/37 - s47 637 598 - - 647 - 672 599 698 - 722 640 1 634(7)
1937/38 - 453 . s11 8ol . - - 649 - 557 568 546 - 699 594 747
1938/39 - 838 849 899 - - - - 791 788 892 - 772 832 926
1939/40 - 732 728 550 - - 8ns - 581 5777 716 - 757 680 770
1940/41 - 598 584 547 - - - - 590 561 756 - 816 636 764
1941/42 - 294 587 522 - - 807 - 612 678 654 - 888 630 898
1942743 - 697 730 633 - - - - 796 600 834 - 1070 765 1 276
1943/44 - 764 947 816 S - 1 140 - 020 Ab28 008 - 068 973 1 208
1944/45 - 476 605 529 - - 703 - 514 471 629 - 755 585 874
1945/46 - 555 601 583 - - 576 - 323 - 534 - 569 536 635
1946/47 - 630 652 635 - - s4s - 686 - 618 - 731 642 663
1947 /48 - 579 783 661 . - - 741 - 620 411 685 - 792 659 173
1948/49 - 608 524 585 - - 564 - - 456 472 - 585 542 629
1949/50 - 646 946 828 - - 833 - - 577 795 - 868 784 950
1950/51 - 514 504 605 - K 622 - 473 577 647 - 797 592 739
1951/52 - 539 535 s12.. - - 640 - s42 406 562 - 690 553 630
1952/53 - 590 691 588 - - 596 - 747 - - - 83 674 793
1953/54 - 460 519 456 - - 541 - 553 - - - 693 537 602
©1954/55 - 711 850 666 - - 1000 - - - - - 014 848 1 125
1955/56 - 608 585 533 - - 715 - - - - 611 - 610 685
1956/57 - 834 882 729 - - 738 - - - - 640 - 764 957
1957/58 - 583 719 496 - - 801 - - - - 645 - 648 906
1958/59 - 610 720 484 - - 692 - - - - 58 - 612 909
1959/60 - S51 641 643 - - 499 - - - - 607 - 588 717
1960/61 - 535 681 678 - - 775 - - - - 815 . - 696 -
1961 /62 - 458 495 607% . = 673 617 - - - - 586 - 565  420%
1962/63 - s17 701 335% - 557 536 - - - - 527 - 567 687
1963/64 - 438 522 seex - 657 509 - - - - 599 - 545 656
1964/65 = - 618 .534 417 - 527 527 - - - - - - 524 538
1965/66 - 635 521 . 565 - 461 509 - - - - 379 - 511 556
1966/67 - 800 883 711 - 1 51 - - - - - 916 1108

Yee
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Rain Season : . Station No.

1/9 - 31/8 474/ 474/ 4741 474/ 671;/ &747 474/ 474/ 474/ 475/ 475/ 475/ 475/ mean 475/

242 255 198 502 679 680 751 781 790 - 19 121 338 370 456
1967/68 - 520 486 505 - 649 520 - - - - 525 - 534 636
1968/69 - 498 519 397 - 505 628 - - .- - 601 - 524 652
1969/70 - 501 432 509 - . 560 560 - A - - 697 - 543 748
1970/71 - 799 825 \/658 - 720 ‘%16 - R - = - 986 - 800 - 969
1971/72 - 563 555 503 - 536 . 812 - - . - - 557 - 587 833
1972/73 - 410 561 461 - 494 536 - - - - - 951 - - 568 638
1973/74 - 644 865 586 - 799° 812 - - - - 512 - 703 712
1974/75 ~ - 601 733 573 - 640 775 - - - - 799 - 686 837
1975/76 - 713 914 736 - 826 1 003 - - - - 809 - 833 923
1976/77 - 598 711 597 . - 847 750 - - - - 670 - 695 839

1977/78 S - 856 918 630 - 909 1 019 - - - - 896 -~ 878 1 277

Gee

*Include period of no record
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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 instgncé 1974/75 - 1975/76. This
"memory” is confirmed by the results of‘ an auto-correlatidn
function (correlogram). Using the annuél springbdisch;rges, a
strongly auto-regressive proces;’is revealed with a significant
dependance over a period. of 3 to 4 years (see Fig. LO.6).

Corfespondingly annual rainfalls reveal .2 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
. . . 6

Q = The predicted annual discharge in 10 m

Q. - = Annual discharge of the antecedent vyear in
1O6m3

Qo = Annual discharge of the second antecedent year in
106m3

R = Rainfall in mm for the corresponding year as Q

-1,2521 = constant term.
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Annual discharge can be predicted provided theﬂafgéharge 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
‘ asseésment. of the aquifer 1storage 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 Reéearch and Statistics
~Division at the NRIMS of the CSIR were approached and asked to
construct such a model which would involve the available data
i.e monthly average rainfalls and  monthly spring outflows. Thé.
results and a proposed model have been described by Markham‘et-
al, 1980. o

In fhis model outlfow from the équifer. is compared to the
discharge through a pipe at the bottom of a'stdrage-tank, the
configuration of which is constant at all heights above the
outlet. This suggests that the - rate of discharge is
proportional to the vciume of water stored in the aquifer. 'As
previously mentioned, .there were no plezometers operating in

Steenkoppie Compartment. . ...... .

The model consists of three comppnénts, the dischargé-storage o
relationship; the water 'balance equation and “the rainfall

. replenishment -mechanism.
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TABLE 10.3: Measured and predicted annual dischargeé at Maloney's Spring
No. Rain season Mean rain=  Discharge Total Predicted
(1/9-31/8) fall mm period discharge discharge
(1/3-28/2) 10%n> 100>
1 1907/8 576 1908/9 - -
2 1908/9 892 1909/10 14,345
3 1909/10 587 1910/11 14,040 -
4 1910/11 . 712 ‘ 1911/12 ' 13,969
5 1911/12 ; 533 1912/13 13,458
6 1912/13 583 1913/14 12,740 13,18
7 1913/14 . e . 1914/15 12,187 . 11,73
8 1914/15 813 ©1915/16 16,423 13,32
- 9 1915/16 538 1916/17 15,906 17,41
10 1916/17 591 | 1917/18 15,564 15,32 (
11 '1917/18 - 864 - 1918/19 20,024 16,56
12 . 1918/19 . 598 '1919/20 22,521 20,90
13 1919/20 486 1920/21 ° 21,429 21,63
14 1920/21 626 1921/22 - 19,519 . 19,99
15 1921/22 567 1922/23 17,900 . 17,70
16 1922/23 614 1923/24 16,787 16, 69
17 1923/24 464 1924/25 15,796 15,14
18 1924/25 843 1925/26 16,222 16,39
19 1925/26 538  1926/27 15,984 15,68
20 1926/27 569 1927/28 14,480 15,37
21 1927/28 613 1928/29 13,839 14,27
22 1928 /29 ‘ 651 1929/30 13,917 13,68 . .
23 1929/30 717 1930/31 14,679 - 14,54
24 11930/31 514 1931/32 15,39 14,37
25 1931/32 - 467 1932/33 14,831  ° 14,71
26 1932/33 479 1933/3%° 13,146 13,77
27 1933/34 691 1934/35 12,478 13,02
28 1934/35 583 1935/36 11,983 12,28
29 1935/36 630 1936/37 11,621 12,18
.30 1936/37 640 1937/38 12,201 11,98
31 1937/38 594 1938/39 12,424 12,61
32 1938/39 832 | 1939/40 12,630 13, 94
33 1939/40 680 1940/41 12,095 13,29
34 1940/41 636 1941/42 12,366 12,30
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Tm—— .

No. Rain season Mean rain= Discharge Total Predicted
(1/9-31/8) fall mm period discharge discharge
(1/3-28/2) 10%0> 10%°
35 1941/42 630 1942/43 12,130 12,83
36 1942 /43 765 1943.44 12,874 13,14
37 1943 /44 973 1944/45 14,968 15,29
38 1944 /45 585 1945/46 20,151 15,55
39 1945/46 534 1946/47 20,110 20,96
40 1946/47 642 1947/48 19,798 19,38
41 1947 /48 659 1948/49 16,232 19,09
42 1948/49 542 1949/50 15,746 14,08
43 1949/50 784 ' 1950/51 15,515 16,24
44 1950/51 592 1951/52 14,586 15,11
45 1951/52 553 1952/53 14,147 13,82
46 1952/53 674 1953/54 13,736 14,29 .
47 1953/54 537 1954/55 - 13,485 = 13,22
48 1954 /55 848 0 1955/56 13,532 . 14,75
49 1955/56 610 1956/57 13,752 13,61
50 1956/57 764 1957/58 15,449 14,71
51 1957/58 648 1958/59 16,009 16,14
52 1958/59 612 1259/60 15,39 15,9
53 1959/60 588 '1960/61 14,543 14,82
54 1960/61 696 1961/62 14,189 14,58
55 1961/62 565 ° 1962/63 13,920 13,78
56 1962/63 567 1963/64 . 12,690 13,59
57 1963/64 545 1964/65 11,590 12,03
58 1964 /65 524 1965/66 11,286 11,03
59 1965/66 511 1966/67 10,829 11,03
60 1 1966/67 916 1967/68 11,499 12,75
61 1967/68 524 1968/69° 11,054 11,67
62 1968/69 524 1969/70 10,996 10, 83
63 1969/70 543 1970/71° 10,824 11,05
64 1970/71 800 1971/72 13,021 12,23
65 1971/72 587 1972/73 -
66 1972/73 568 1973/74 13,853
67 1973/74 703 1974/75 12,838
68 1974/75 686 1975/76 14,145
69 1975/76 833 1976/77 -
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Initially the recharge-rainfall relationship was approximated by
a linear model. At this stage it was found that rainfall
affects recharge for up to six months from the actual rainfall
occurrence, which supports the observations mentioned in section
10.3. The linear model was employed to obtain an estimated
discharge sequgncé from the given series of rainfalls and the
proportional relation storage volume-discharge. Comparison of

the plots of the estimated and monifored discharges showed that
thei model was too insensitive to .inputs, tﬁere wés also a
.tendency for . an ﬁpward shift in. the average level. Thése facts

suggested that the-ﬁodel might include some non-linearities.

The discharge-stordge component of ,tHe model was . chequed by

trying to introduce 'an equation whereby discharge was related to

‘the storage by the power of two. It was found that this part of
Y

the model was not the major source of the problem.

Non-linearity in the recharge-rainfall ‘lrglatiénéﬁiﬁ .ﬁaé
introduced by assuming that only those monthlykrainfall values
_in excess~of.sqme criticai value Qould affect the recharge of
the aquifer, and that beyénd this critical vélue, the input
woula be apbroximately lineérly‘related to fhe réinfall. Such
non-linearity could be approximatédjwby a quadratic function
i PR :
passing through the rainfail axis :;t .thev origin and at the
critical value. A simulated sequenée could thus- be generated
starting Vith Vo = Q,/K, and computing for each t> o in

turn, and based on the following equations:
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. P ' 2
Recharge I_ = aof Zj=l (a; R t—j+1~)\ -

t j Re-j41 T B3R

Storage Ve = (Vt-l + It)/(l + K)

Discharge Qt = KVt

with P = 5 K = 0,016 and resultant R2 = 0,220

Compared to the actual outflow values monitored at the Spring,

the fit of the non-linear model has been much better than the

. linear, althdugh some lack of sensifivity still remained. The

more or less satisfactory behaviour of the model gives some

confidence in the Vt estimated i.e. the estimates of the

storage of water in the aquifer. In November 1976 thisbstorage

was (1,574 x 109)/0,016 = 98,4 x 105u3.

Additional non-linearities in the discharge-storage component

were ‘also investigated .but this resulted in very minor

improvements.

Conclusions and recommendations

A rather intricate mechanism of annual recharge 1s postulated

which includes two phases: an early relatively immediate, and a

late delayed one. Percolation intd}the.aquifer at various rates

takes place all through the year.

Investigation . of the relation between spring discharge and
rainfall during long peridds of many years suggests that the
aquifer occassionally becomeS»oyer-filled,-due to exceptionally

favourable circumstances, and" later outflows are apparently
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controlled to a 1large extent by this event—of— exceptional
recharge. The conspicious auto-regressive feature discovered is
most probably characteristic of the investigated dolomite
aquifers. At  the same time the application of the

\

auto-regressive function regarding a series of annual rainfalls

disclosed the rainfall distribution to be a completely random

process.

Steenkoppie Cpmpgrtment with its longttime records‘of Maloneyﬂs
Spring outflows provides a ' geohydrologié,',unit reasonably
~ suitable for modelling. Automatic gauging of spring flow has
recently ' been -introduced _too. - Further deyelopment" and

refinement of the mathematical model is required. Presently

simulation of the dischrageé from the aquifer are not good

enough; and pfedictions are not very accurate.

As stated before, ' (section 10.4), considerable amounts of
groundwater.are already being pumped at Steenkoppie Compartment,

further data collection should include - abstraction of

groundwater.

FOne of the less satsifactory aspects in the investigation of
Maloney's Spring is rain- gauging. The -construction of a few
automatic rainfall  gauging statidﬁ?‘-to ‘cover Steenkoppie

Compartment is very much recommended.

Also recommended is the drilling or selection of boreholes for
groundwater observation in Steenkoppie Compartment to enable a

direct rainfall-recharge calibration.
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INVESTIGATION 0% SCHOONSPRUIT COMPARTMENT T
Geohydrology

The geology of Schoonspruit Compartment has not yet been  studied
in sufficient details, and very little geophysical-&ork has been
done;,consequentiy the precise delineation of boundaries of the.
geohydrologic units ig not péssible. The geological structure
is héwéver kﬁown in broad lines: Dolomites ofl‘the Malmani.
Susgroup plunge regionally northward and arevoveriain by beds of -
the Pretoria Group. Oﬁtcrbps of‘ oldgr rocks df ‘the
Witwatersrénd Supergroup appeaf along the southern boundary of

ithe studied area. The morphoiogical featurés bf fhe area are

similar to those ‘described earlier in this work.

In the course of a reconnaisanse survey of the area some 250

boreholes were mapped. At 114 of ~these boreholes collar

elevations were determined and water levels measured (Folder

'11.1). From a preliminary water level contour map it appears

that the extension of the groundwater catchment involved with

- Schoonspruit Spring is rather large, and in proportion with the

magnitude of the outflow.

Water levels also point to ‘the' possibility ‘that the
westerly-striking dykes in this area do not actually function as

groundwater barriers.

Annual rainfalls over Schoonspruit Compa;tﬁent vary somwhat in

quantities from the amounts observed farther east in the studied

area. A comparison of the discharge related to the 1970/71 rain
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season in the different investigated sprihgs TeVeals- that in
Schoonspruit (Fig. 10.2), which received in 1970/71 only 644 mm
of rainfall, as recorded at Ventersdorp Station 473/559, there
was no increase of the discharge, while in other places, e.g.
Maloney's Spring (Folder 19.1), a substantial increase in the
discharge is .noticed ‘as a result of an exceptioally wet seasoﬁ

(1970/71); with an average raihfall of 800 mm'(TabIe 10.2).
Chemical aspects of groundwater in Schoonspruit Compartment

About . 65 groundwater  samp1es from boreholes and springs in.

Schoonspruit Compartment were collected‘, aﬂd anhalysed in -

. May 1978; and the results are listed in Table 11.1. Total

-dissolved solidsfand,the.concent;ations:of nitrate, sulphate and

bicarbonate are also sHown in Folder ll.l.

A wide rangerf TDS .may be observed varying from 66 - 756 mg/l,.

-and the same is true of the bicarbonate\(38 - 569 mg/1l). The

sulphate concentration is generally from several milligrams to

N

- zero, and not related to the TDS. The very low sulphate seems

" to be a characteristic feature of groundwaters in this type of

aquifers and under the now prevailing climatic conditions. 1In
the cases where more. sulphate occurs, - it is probably due to

-

external local conditions. TTat

The concentration. of nitrate is in many cases considerably
higher than what could be expected when comparéd to data from
oﬁher dolomitic units studied in this work. It may iﬁdicate
some contamination, the sources of which could be either

livestock wastes or percolated fertilizers. Cattle farming is

practised in the area and mahy of the boreholes are being used
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TABLE 11.1: Chemical analyses of waters from Schoonspruit Area, in milligrams per litre
BOREHOLES 5

Source TDS pH Ca Mg Na K si Ccl SO/. HCO4 NO,
VIié 669 7.9 72,2 65,4 957 0,6 6,6 23,5 8,8 463,0 29,6
018 756 7,9 55,3 836 .o 15.5 5.7 41,2 23,6 2,9 569,0 0,13
oT9 377 8,0 42,0 32,0 Il 1,3 11,0 13,0 0,2 262,0 21,1
OT10 622 7,9 58,0 58,0 16,0 8,9 6,8 42,0 45,6 380,0 13.2
0T2 358 8,0 42,0 29,0 3,8 13 10,6 1,3 0,0 272,0 8,7
OT14 449 7,9 49,0 41,0 3,8 1,0 10,3 4,7 1,3 339,0 8,7
0Té4 493 8,1 64,0 38,0 Sl 1,0 12,7 4,8 0,0 343,0 36,8
RT4 550 8,3 65,9 43,4 5.5 1,8 6,9 12,3 14,4 393,0 13,6
RT1 502 7,9 43,0 51,0 6,8 0,4 6,74 5,8 11:3 380,0 2,8
LL9 355 7,8 36,7 33,3 3,8 1,8 8,6 15 0,0 272,0 5.3
LL13 436 7,9 50,9 37,6 4,2 28 12,1 5,4 0,0 332,0 3,9
BL4 354 7,9 32,0 34,0 4,2 1,8 15,2 2,6 0,0 270,0 8,8
BL5 424 8,9 52,0 33,0 3,4 1.2 12:2 2,0 0,0 309,9 23,2
BL10 227 7,9 25,7 20,6 3,4 1,8 10,8 2,0 0,0 166,3 6,8
RN1 459 7,9 41,0 46,0 3,} 1,3 8,1 6,0 7,8 350,0 0,9
RN4 314 8,0 39,4 24,9 4,6 2,8 13,2 1,4 0,0 233,3 7,9
UK2 431 8,1 55,4 35,0 3,8 2,1 11,8 1,4 0,0 320,3 12,9
UK7 247 7:3 30,8 16,3 9,4 352 2,8 3,1 0,0 181,0 2,4
DN4 392 8,1 37,7 38,6 353 1,3 6,2 4,9 4,2 298,0 151
DT6 487 1,7 61,7 39, 4,2 0,9 10,9 3,8 0,0 350,0 2.7
DN2 312 8,2 38,6 27,1 3,8 1,3 6,8 2,9 6,5 230,1 12,0
ME7 286 8,1 37,5 23,3 2,1 0,7 8,4 1,0 0,0 205,7 15,6
ME1 416 8,2 52,4 33,5 5,5 1,2 10,8 10,8 0,9 285,0 26,2
AO4 258 8,1 33,3 21,1 2,5 1,3 8,8 1,6 0,0 187,7 0,9
KN4 185 8,2 21,9 14,4 3,8 1,8 13,6 A O | 0,0 138,3 3,9
KN15 181 7,8 18,0 14,4 9,8 1,8 14,9 3,4 0,5 128,8 4,3
KN14 461 7,6 30,0 35,0 41,0 19,3 8,7 96, 17,6 120,0 101,4
KN12 266 8,1 25,0 22,9 10,7 1,8 15,4 7,9 2,9 188,2 5,0
KE2 106 7,2 8,3 7,9 6,4 1,6 11,2 2,8 247 76,5 0,0
VT3 115 7,20 9,8 8,3 8,1 1,9 8,8 1,6 0,0 83,2 3.5
A012 108 y 9,9 6,9 10,2 32 8,9 12,7 0,0 39,7 25,2
vi7 558 7,8 58,8 51,0 8,1 3,6 6,9 21,2 6,1 376,0 33,1
VIl4 494 8,1 51,5 43,6 23 2,8 10,1 1:2 0,5 375,0 13,4
DP8 488 8,1 63,5 38,3 5,9 153 1 59 | 21,1 0,0 3537 21,6
DP6 452 239 58,8 33,7 4,6 1,6 9,7 3,8 0,0 3357 11,2
DP2 454 8,1 56,0 34,2 39 1,9 10,6 ) . 0,0 334,0 19,5
DP4 457 8,1 51,5 40,1 55 1 23,7 1s3 0,0 342,3 14,8
DP5 382 8,2 48,7 30,6 4,6 1,6 9.9 1,4 0,0 287,0 8,2
HE1l 293 8,2 36,0 22,8 o L] 1,8 9,0 S ) T 0,0 221,3 4,1
HE2 361 71 43,5 30,6 4,2 1,4 10,4 1,4 0,0 271,0 8,1
VN2 172 7,6 19,2 13,8 5,6 1,8 6,1 3,6 33 123,2 0,9
VN3 413 8,2 51,6 33,7 4,8 1,4 8,6 7,5 4,6 295,0 14,5




Si

Source DS pH Ca Mg Na K -C1 SOI‘ HCO, NO4

VN9 180 7,5 15,0 12,8 15,2 2,1 11,7 11,9 3,3 67,6 52,3
VN12 302 8,0 35,8 23,4 4,7 1,9 7,1 3,3 4,4 227,0 1,3
BNL 86 7,2 6,8 7,2 3,5 1,6 12,2 2,5 2,4 55,1 6,8
BN3 9 7,1 7,8 6,5 4,7 3,8 5,7 2,4 4,2 65,2 1,0
BKS 146 7,7 16,9 11,7 - 3,4 1,6 7,9 2,3 2,9 105,1 1,5
RY1 167 7,7 18,1 13,6 3,8 1,8 9,2 2,3 3,4 123,5 0,5
BK1 257 7,3 2,4 26,1 5,3 2,1 12,7 7,2 0,0 172,3 20,9
BK2 a7 7,9 3,0 29,2 . 4,2 1,1 8,1 4,6 0,0 229,1 14,8
201 171 7,5 13,86 10,6 ° 11,1 - 8,4 9,1 9,7 0,3 115,1 2,22
oNL 205 7,6 19,0 - 12,0 13,3 5,1 8,6 8,6 0,0 146,0 0,4
WN3 302 8,1 39,1 23,8 4,2 1,8 9,8 1,2 0,0 227,8 3,73
NG 2712 8,2 30,3 . 24,7 4,2 1,6 9,7 1,1 0,0 206,3 3,2
WN1 517 7,9. 54,0 47,0 . 4,6 3,8 12,7 19,0 1,7 35,5 31,3
oGNS 152 8,0 18,0 9,1 . 4,6 6,3 8,8 5,7 0,0 93,1 15,1
ALLY 255 7,9 . 26,1 23,5 5,1 1,7 4,8 3,0 0,0 . 195,0 0,3
LL2 302 8,0 3,7 24,2 3,8 1,6 9,8 1,0 0,0 227,8 5,8
AL 479 8,1 6,1 36 - 5,1 1,3 12,9 4,0 0,0 337,0 34,6
A3 n 7,9 46,0 30,6 46,0 1,6 . 6,2 2,4 0,0 285,0 1,6
AS 493 8,0 61,7 - 38,1 . 5,1 2,2 10,3 5,6 0,0 365,0 14,7
17 434 7,9 55,2 35,7 4,6 Ls 9,7 3,7 0,0 321,6 11,2
wn1 " 66 7,2 5,1 3,4 3,8 1,9 8,5 1,5 0,0 46,6 2,9
Springs 38 8,0 49,5 31,1 4,2 1,3 10,3 1,6 0,0 289,4 6,8
Springs 325 - 7,2 39,0 . 25,0 3,8 3,3 1,0 229,0 19,6

3,2

(4,5
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to water the cattle, at the same time big tracts of "the area are-

under cultivation, maize being the major crop.

The composition of the most commonly applied fertilizer in the
area is 3:2:1 (R5). planting time is October—November, and the

A

recommended rate of application is 300 kg/ha.

‘11.3 Conclusions

Semi-natural conditions prevail in. Schoonspruit Compartment. . .

Pumiping in: this area is quantitatively still small and. other -+ ..t

interferences by human activities-are also limited.

From the chemical ‘analyses of groundﬁater in this area it is: -
suggested that'sﬁlphate is a‘Qery minof constituent :and that the

concentration of nitrate may indicate some process of artificial -

contamination.

To provide for a long-term research study of thié unit, an :
extension of the network of observatidn boreholes is. essential.-
* this would in the first place enable the outline of the sqrface.
area comnected with the spring. With a combination of regular
monthly monitoring. of .groundwater level, a couple of additional..
rainfall stations and the continuodEleéording of  the discharge
at Schoonspruit Spring (which is 'alréédy taking place), the

study of precipitation-recharge relationship can be undertaken.

Nitrate concentration could have a significant bearing on the
environment and deserves a closer investigation. Conditions for

such an investigation are favourable in Schoonspruit Compartment.
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CONCLUSIONS T

The investigated aquifer, generally referred to as the dolomite
aquifer, consists of a jointed, fissured, fractured often
karstic lower ' part and an: upper weathered zone of decomposed
rock 'material which includes a. variety of fine to coarse
fluviOfgiaciai claStic deposits. Residual and transporped chert
breccias and conglomeratés are the main water-bearing components

of the weathered .zone. The aquifer follows on an irregular

" surface of . the undér%lying dolomitic bedrock; and 1is often

" over-lain by aAéoil coverﬂof:varying;thickness..

TIt is maintained . that major- karstification and. the formation of -

the aquifer took .place. in Pre—Ecca; times 'possibly ‘even in
Pre-Waterberg. .Relicshof-Ecca shales-abound in the investigated
area in the form of outliers which rést-uhconformably on the

aquifer, often reducing the " thickness of -the aquifer

substantially.

‘Ecca shales, it is. assumed, once extensively covered the whole

" area, and it is only aftér»the removal of this over-burden that

present = permeability. finally developed as a result of
groundwater circulation from outcrop intake areas. to the

discharge points at newly-exposed bééé?iévéls.

The  thickness of the aquifer is inconsistent and amounts to a

~

few tens of meters on the average. Generally, only limited

~zones out of the total thickness are actually groundwater

conduits, while a large part.is composed of impermeable rocks.
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The aquifer 1is by definition heterogenic  and anisotropic,
lateral transitions from phreatic to confined conditions being

the rule.

The studied area is divided into geohydrologic wunits

(compartments) defined by hydrologic boundaries such as

impermeable igneous dykes. In some‘-of the compartments
‘intensive gold mining affected the. natural groundwater regime by
pumpage, dewatering, recirculation or the discharge of
contaminated mine effluents. This human interference had been
the lcause for the supply of wvaluable hydrologic data which,

although often incomplete, enabled some quantitative assessments.

The lowest rate of the average annual natural recharge as a
precentage of the rainfall is found in Gemsbokfontein
Compartment, mnamely 5,5 x 106m3/year, or 12,8 per cent of
the average annual rainfall. 1In the Zuurbekom Compartment, the
natural recharge is ' between 10,7 and 13,3 x 1O6m3/year,
which when expressed as a percentage of the average annual
rainfall, amounts to between 16,8 and 20,8 per cent. Part of
the recharge in Zuurbekom is however due to inflow from the
river. The natural annual recharge at Venterspost Compartment,
‘after allowance is made for the inflow Qf groundwater from an
adjacent .compartment, is 10 x 106m3/year, which consitutes
27 per cent of the annual rainfall. A similar high rate of
rechérge has also been found in Bank Compartment, where the
natural recharge amounts to 23,5 x 106m3/year, amounting to

24 per cent of the average annual rainfall.
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The high recharge rate observed in these two compartments is
explained by specially favourable percolation conditions
prevailing along the Wonderfontein River in the central sector
of these compartments. in this area the Ecca shale cover has
been mostly eroded, and sinkholes and dolines provide for swift
intake of water. It is also presumed that with the dewatering
of these compartments and the drawdown Qf the water level in
this central sector, an additonal storage volume has been
created in the aquifer, as combared to previous undisturbed
conditions. Due to this extra storage, groﬁndwater is presently

being prevented from spilling over to down-stream compartments.

It is further maintained that extra-ordinary recharge conditions
along the Wonderfontein River are not restricted to the
above-mentioned compartments, but extend all along the river.
bFrom the study of Turffontein Area, it is evident that a minimum
6 3 . .
annual amount of 48 x 10 m~ of surface water, mainly mine
effluents, remain in the area between Carletonville and Station
C2M69 West of Welverdiend. About 11 x 10°m3/year of this
annual amount could be traced in Gerhardminnebfon and
Turffontein Springs. The exact part of water. lost by
evaporatibn is not known, but may be very roughly estimated.
Assuming an evaporation area of 10 km2 and an annual rate of
evaporation of 2 metre, annual evaporation could be
6 3 6.3 . L :
10 x 10m™ x 2 = 20 x 10°m”, which is of —course a highly
exaggerated figure. It thus appears that of the total of
6 3 . 6 3
48 x 10 m about 17 x 10 m cannot be accounted for and

the major part most probably infiltrates into the aquifer. This

balance therefore also points to an outstandingly high rate of

recharge in the vicinity of the river.
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In dolomitic terrains where no surface water courses-occur. e.g.
Steenkoppie Compartment, the rate of recharge is considerably
lower, 12 per cent, or similar to what was found at

Gemsbokfontein Compartment.

The .storativity coefficient obtined at Zuurbekom Compartment
through a chemiéal ‘mass balance-'is 3 per cent. A similar
figure; \2,6 per cent, was found in Gemsbokfontein, from‘ a
book-keeping water balance. In Bank,Cbmpartmeht the stora;ivity'
fig#res ;s derived:frdm book—kéepiné water balances were 1;16
and 2,8 pef cent; and from a spring‘flow analysis.lvpér ceht.
Data froﬁ pumping tests performed in Zuurbekom Compartment point'
- to a rather wide range of local storativity with values between
1074 to 1072

The storage'of'groﬁndwater;-ixe.,tﬁat.volume ﬁhich”ié:involved
in chemical mixing wigh cdntaminants,»ﬁas assessed af Zuurbekém
Compartment at ‘33,6 x710§m3, 1;nd at Gerhardminnebron between
29?4 and 33,5 x 106m3f At Steepképbie, Compartment, the total
'étorage deri§ed from a mathematical model (Markham et al 1980)
' aﬁounts ﬁo‘ 98,4 X 106m3. A someﬁhat low storage,
15,6 x 106m3, was found' at Baﬁk Cdmpartﬁent. These figures,

~—

although highly cohjectural, indicate the. .crder of magnitude

<~y :;—»f .

 invoIved.

The study of springs provides the key to the éomprehension of
groundwater replenishment. The mechanism of the natural

recharge may schematically be conceived as comprised of two
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phases: An early phase which affects the Taquifer . nearly
immediately, and a later delayed phase with a time lag of up to
six months. Consequently, the aquifer is being recharged all

through the year, and a true recesison period does not occur.

Investigation ~of the vrainfallmrechargeA» relatioﬁships over
sequences of many years at springs reveals that the discharge is
a strongly auto-regressive ~proég$s; The ‘discharge. volume of
‘eacg year is dependenf on previoué annual discharges; it has
- also beeh.estaﬁlished.that exceptionally high rainfall seasons
occéssiohally. replenish . the aqﬁifer to-.such .an extent that
several ;ubsequent- -annual .discharges afe épparentiy ﬁpre:'
dependent on this.évent than on the actual ‘recharge increments.
Such an intgrval shows.on a.-long-term discharge hydrograph as a
recession pefiod.. _it- is most Likely that this behaviour is
pbssible ‘due” to ‘rather ‘lqw -lateralu,transmiséiVities. Low
tranmi§ivitigs were obtained from pﬁmping‘tests at sites where

the aquifer is confined.

‘BecauSe of'gpecific'géoldgic conditioné along the West Wits line
- of mines, wafer”has to be pumped.  from depths of thousands of
meters to the surface so-as‘;o ensu;e safe mining. The pumped
water, ofiginallyv good. quality dolomitic groﬁndwater from thé
overlying aquifer;'is Eeing disposed “6f 'as effluents into the
natural ‘sutface water courses.- A sigﬁific;nt side-effect of
gold mining: is thé constant deteriorgtion of the‘ quality of
water in the area.  Effluents from the hines are

characteristically sulphatic waters of various concentrations.
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In dealing with groundwater flow into the mines;— two . methods
were followed, dewatering and recirculation. 1In the case of
dewatering (Venterspost, Bank and Oberholzer) a certain volume
of the aquifer, in each compartment, in the shape of a trough
has partly been drained, while towards the marginal parts the
aquifer is still fully saturated. Recirculation of pumped water
“back into the aquifer was apﬁlied ét'Gemsboqunfein Compartmeﬂt
lby‘Western Areas.G.M. for economic,considerations; This measure
is‘ekpected to precent iand subsidences and the fo%wggion;of-

sinkholes, so that compensaton claims may be avoided.

Several implications are noteworthy in connection with current

procedures of water management in the studied area:

(1) A potehtial"hydrologic>'intercbnnéction of compértments
often exists dhé to zthe mining practiqes which penetrate
the boundary tykes, ewg.vwest and‘east Driefontein Minesvor
Coqke Sections Mine.»»This may have‘a_beéring on the future

use of these reservoirs.

(1i) - Aspects of <contamination Thave been demonstratedu and
‘discu$sed at . length in. connection wiﬁh Zuurbekom
Compartment, Gemébqkfontéin Cqmpattment _and Turffontein
Area. At Zuurbekom about 4 péri.cent of the recharge comes
from artificiai‘ recharge of suiphatic mine effluents

through influent sections of the river courses.
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At Turffontein Area artificial rechargelhEE"ﬁ“large impact
on the amounts of groundwater recharge, and generally on
the environment. A quarter to a third of the present
outflows 1issuing from the 1local springs comes from
artificial recharge sources. Contaminated surface waters
reachiﬁg Boskop Dam; the final collector of .surplus water
from the Far Wést Rand Area;‘is.expected to affect in ;he
long run the quality of water in- this-reservoir.

Ever-increasing ‘quantities;'of-.treated sewage waters. are

' directed-to-the‘WoﬁderfbnteinAandnKliprRivers;.which:add to.

and complicate the.compoéitionxof the .flows.

‘It has also been .shown ~that : some -'of. the..mines produce :

‘highly contaminated -effluents, while at others salinity:is
much lower. 4However; no sepéra;ion -is ‘déne between the
various sources whiéh<;grg--lump;summed together into the
surface water éoursesf :Thus;\ West Rand © Cons. G.M.
contribu;es. concentrated. effluent tq'Athe Wgnderfontein
Ri?er; where it mixes ﬁith"good:.quélitf water‘ and is
temporarily étored in- D¢naldson Dam.. The" ovgrflow. from
‘this dam is carried westward, where it eventually recharges
5che aquifers in Turffontein Area.
< "T_ ‘.
Concent;ated effluents from Blyvoorizicht, Doornfontein and

Western Deep Level G.Ms. mix at Welverdiend Dam and also

finally affect groundwater in Turffontein Area. .
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In another example related to Westefn —Areas ~-G.M.,
concentrated effluents are constantly being recharged into
6 3

Gemsbokfontein aquifer at a rate of over 2 x 10 m per

monthe.

7

- Most regretfully groundwater in this area is considered by

concerned organizations like the mines as a nuisance rather

than a natural resource. At the same time the lack of any

long-term water management policy leads to a. waste of at

-least . 50 x 106m3 : annually;~ plus all - unprofitable

‘pumping and exporting expenses. - Utilization of the water

resources may' bé achieved by the application of Qiable

economic projects. Fish ponds - for 'instance; could 'prové

‘feasible especially as for certain. speciés thé‘ sulphate

A boor-quality water does not present. a problem.

There is an urgent need for the establishment of an

authority to cope with the water resources on a regional

scale.

A data collection system which includes observation

- boreholes .and the wmonitoring of the transfer of water

volumes has been established in Zuurbekom Compartment in..

anticipation of heavy pumpage EﬁdﬁpOSSible dewatering. The

behaviour of the aquifer can thus be studied before and in

éonjunction with the application of any drastic measurés.
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It is recommended that a similar network 6f~~observatio?
boreholes be arranged in an undisturbed geohydrologic unié
such as Steenkoppie or Schoonspruit Compartments, where the
discharge of groundwater is continuoﬁély measured. It
should be possible from long-term observations “to-.select a
peridd 6f recession ~which follows an: outstanding - ‘high
. replenishment. During such a recession ran. average natural -
recharge 'Couid' be estimatedo‘ .Discharge. quantities .could
‘then be compared with depletion.Of.storagéfvolume and the

étorage coefficient calculated. -
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