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SYNOPSIS

A preliminary mapping survey of that portion of the Witwatersrand
catchment area which drains into the Vaal River was followed by an extensive
guantitative survey of regular and accumulated mineral loads carried by
streams as a resuli of industrial mining and sewage activities. The

effects on water supplied to the Witwatersrand consumer, were investigated.

The results reveal that although most of the tributaries of the
Vaal River in this area arise as streams of exceptional purity, they hecome
heavily contaminated within & few miles of their sources, and carry mineral
loads far in excess of those expected from natural sources, These mineral
loads reach alarming proportions in the rainy season when . mineral salts
which have accumulated in mining areas during the dry season contaminzie the

run-off waters and when irregular discharges of large volumes of slimes-

dam penstock wabter occur.

The peliution of streams has a marked effect on the quality of the
water supplied to the Witwatersrand consumer and it is shown that industry,

agriculture and the generasl economy are all direcily or indirectly affected.

It is recommended that a programmz of poliution abatement by quality
control be drawn up in close consultation with all major bodies involved
and that the possibility of abatement by storage, diversion and controlled

discharge of streams be investigated.
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'n Voorlopige karteer—opname van die deel van die opvanggebied van
die Witwatersrand wai in die Vaalrivier dreineer, word deur 'n uitgebreide
kwantitatiewe opname gevolg. Die hoeveelhede gereelde en opgshoopte
minerale ladings as gevolg van nywerheids-, myn- en riocolbedrywighede asook
hul gesamentlike uitwerking op die watervoorsiening aan die Witwatersrandse

verbruiker, is ondersoek.

Die resultate toon dat alhoewel meeste vean die sy-strome van die
Vaalrivier in hierdie gebied as strome van buitengewore suiwerheid begin,
hulie baie gou swaar besoedel word bimme 'n paar myl van hulle oorspronge
en veel groter minerale ladiﬁgs dra as dié wat volg op natuuriike oorsake.
Hierdie minerale ladings bereik onstellende afmetings in die re&nseiscen
wanmneer minerale soute, wat gedurende die droE seisoen in myngebiede opgebou
het, die vlcedwaters besoedel en wanneer slykdamwateré onreg€lmatiz in groot

hoeveelhede In riviere witgestort word,

Die besvedeling van die strome het 'n merkbare inviced op die
gehalte van die water wat asan die Witwatersrandse wverbruiker verskaf word

terwyl dit getoon word dat die nywerheid, landbou en die algemene ekonomie

‘almal regstreeks of onvegdtreeks gerask word.

Dit word aan die hand gedoen dat 'n program ven besocedelingsbestryding
deur beheer oor kwaliteit opgestel word in noue samewerking met alle groot
belanghebbendes en dat die moontliikheid wvan bestryding deur opgaring,

verlegging en beheerde uitvlcei van strome, ondersoek word.
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SURVEY OF RIVER POLLUTION TN THE WITWATERSRAND
AREA OF THE VAAL RIVER.

INTRODUCTION

e mE mM MM e e AR b = e e

On 27th October, 150, a special meeting of the Advisory Sub-~Committee
on Water Treatwent of the Council for Scientific and Industrial Research was
held to discuss the suggestion that a survey should be made of +the Klip and
Suikerboschrand Rivors and their tributaries, which drain the industrialized

areas of the Witwatersrand and flow into the Vazl River,

The Committee approved the projeét and a prelininary, general
mapping survey of the area was initiszted., This wag followed by a detailed
quantitative investigetion fo obtain a rough estimate of the extent of
pollution from existing and potenfial sources such as sewage disposal works,

mining properties and secondary industries.

This report is an abstract of the most important information contained

in the main reports (parts I to VII) on the investigation.

OBJECTIVES /ueirns
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OBJECTIVES

P O e T T

After the completion of the preliminary survey, a meeting of the
Special Committes for Stream Surveys in the Witwatersrand Area was held on
22nd February, 1952, and a survey programme was approved which incorporated

the following objectives:~

(a) to examine all effluents draining into the streams under

investigation in order to evaluate mineral pollution quantitatively;

(b) to investigate natursl springs and other forms of nmatursl flow,

and their influence on the extent of pollution; and
(c) t0 recommend ways and means of improving the quality of the streams.

In pursuance of recommendations made by the Committee, representations
were made to interested parties for financial assisiance, but these were
unsuceessful, The Chamber of Mines, however, decided to undertake an
investigation into effluents from gold mines and selected the West Rand
area betwyeen Luipaardsviel and Welverdiend station for a detailed survey
of river pollution of streams draining into the Mooi River, In terms
of a contract agreement, the Council for Scientific and Industrial Research
acted in a consultative capacity in respect of the work which was in progress
and carried out the survey for that pert of the Witwatersrand area which
drains into the Vaal River upstresm of Vereeniging. In consequence of the
Chamber's action, objective (a) above was achieved as far as mine effluents
were coucerned. As these resulis are of s confidential nature, the dats
are not included in this report. It can nevertheless be stated that this

work coniributed greatly towards the achievement of objective (c) above.

Since extra funds could not be obtained, the project was undertaken
with guch existing staff as could be assigned to it, ard it weos fourd

necessary to alter objectives to the following:—

(d) to /....



(d) to obtain a guantitative picture of the mineral loads carried
at various points by the streams during the wet and dry seasons of

the year and during specific periods of time; and

(e) to evaluate the effects of these mineral loads on the Vaal

River and on the quality of water supplied to the Witwatersrand area.

P e T
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CHAPTER ONE

DESCRIPTION OF THE CATCHMENT AREA

ARAABRARNNAALAAAAARANAAAARAAARADAANAA

General

The catchuent area dealt with in this report lies in the province
of the Transvaal, South Africs, between latitudes 2605' and 26045t and
longitudes 27045’ and 28030', and is commonly referred to as the

Witwatersrand.

Area and physical features

The country represented on Map no. 5 embraces an area extending some
45 miles from east to west and 35 miles from north to south, or about

1,600 square miles,

The gold mining and associated industries are restricted chiefly to
a gzone about 10 miles wide extending along the northern boundary of the
area, This zone follows approximately the line of outeron of the Main
Reef and lies to the south of the main ridge of the Rand. The southern
slopes of the ridge, which are drained by the Klip and Suikerboschrand
Rivers are gentle and impart little erosive power to the drsinage in
general, Johannesburg, the centre of the goldmining industry, occupies
a position midway between the east and west extensions of the gold-bearing
reefs. Krugersdorp, lewisham and Roodepoort lie to the west of Johannesburg,
and Boksburg, Benoni, Springs, Brakpan and Nigel, all gold-mining towms, to
the east, The towns of Heidelberg and Balfour lie to the south-east of the
area while Grasmere is located near the south-western corner, Verseniging,

which is a coal-producing area, occupies a position to the extreme south of

the area.

The /veeens



The Witwatersrand forms part of the Transvaal 'High Veld'. It
has a general elevation of 5,000 feet above sea level, with extreme

elevations of 6,000 feet in the vicinities of Johannesburg and Heidelberg,

The Witwatersrand ridge constitutes part of the principal watershed
of South Africa. This watershed, known as the Grigualand-Transvaal axis
of uplift, treverses the country just to the north of Johannesburg, This
crustal deformation feature is responsible for the separation of the
drainege basing of the Vaal and Limpopo River systems. The Vazl River
drains the southern slopes of the high veld and flows into the Atlantic
Ocean after joining the Orange River near Kimberley. The Limpopo River
drains the northern slopes and flows into the Indian Ocean., The main
water divide in the Witwatersrand area coincides with the highest portion

of the Witwasersrand and passes through the. centre of Johannesburg,

The elevated hilly counbry between Krugersdorp in the west and
Germiston in the east, is the dominating physical feature of the whole area.
To the east of Germiston, towards Brakpen and Nigel, the weather-resistant
Witwatersrand formations are overlain by horizontally disposed Karroo
rocks, These formations are less resistant teo weathering than are the
Witwatersrand rocks, and easily bresk down into sandy surface drift and
soils which give rise to broad, gently sloping undulations referred to as

‘bulte!,

This eastern section of the area, covered by generally elevated
{farroo formations, is traversed from north to south by a shallow depression
forming the broad featureless valley of the Blesbokspruit, Denudation of
the thin Karroo sediments by the Blesbokspruit has exposed the underlying

dolomites and Kimberley shales for some 20 miles along its course,

'To the south of Joharnesburg the high ground formed mainly by rocks

of the Witwatersrand system, includes in its southern margin a fairly high

I'aﬁg@ /oo-c--
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range known as the Xiprivierberg, which represents the edge of the mass
!

of voleanic rocks usually referred to -as-the Klipriver amygdaloid* s In

a southerly.direction®from the Kliprivierberg, the country opens up into a

low and wide expanse occupied by Karrcc sediments and dolomites, The

‘comparatively low dolomite areas usuwally produce featurelcss.grass-covered

country.. .. To the south~east and the south-west of the area high grounds

are again encountered, composed mainly of Ventersdorp lava and rocks of the

- Pretoria series respectively. In the vicinity of Heidelberg the incision

of deep valleys gives the-area a rather mountainous character. The

' -escarpments of Pretoria quartzites found in the south-west give rise fo a

type of country characteristic of these formations, as is evidenced by
the numezsus roughly parallel ridges and valleys corresponding with the
alterations of quaritzite and shale of which the Pretoria series is largely

composed.,

Drainage

‘The Vaal River and its tributaries drein the whole area, The

principal tributaries are the Klip River and its tributaries, the XKlipspruit,

~Hatalspruit, Elsburgspruit and the Rietspruit, and the Suikerboschrand River,

with its tributary the Blesbhokspruit, which is the main stream draining the

East Rand.

The Blesbokspruit is re-excavating a pre-Karrco-valley and roughly
follows a belt of Kimberley shales in its lower stretches where it meanders

in broad alluvial flats,

The Klip River and the Klipspruit together drain the west Witwaters-
rand area around Lewisham and Roodepoort. The Natalspruit drains the
country immediately to the south-east of Johannesburg, From its gathering
grounds in the Xliprivierberg, the Klip River flows southwards to join the
Veal River near Vereeniging only about-two miles distant from the confluence

of the Suikerboschrond and Vaal Rivers.

Although [eeens



Although the Klip River and its tributaries invariably originate over
formations of the upper Witwatersrand and Ventersdorp systems, they flow
mainly over formations belonzing to the Karrco system and dolomites of the
Transvaal system. The Blesbokspruit arises and flows mainly over Kerroo

syefem rocks and dolomites,

Springs are shundant in the area and, apart from contributing
considerable amounts of high quality water to the various streams, are

extensively used by farmers for irrigation and sgricultural purposes,

%%?%9??AOF IMPLEMENTIN? THE SURVEYS

In the preliminary survey the course of each river was reconnoitred

and points of possible pollution and contamination were marked on the
appropriate maps. _ Logcal and mining authorities and plant managers were
approached about the areas under their jurisdiction in an erdeavour to
trace all sources of pollution., Samples for chemical analysis were
collected at various points along the rivers and streams, including all
points at which there were suspect seepages and effluents that might have
access to the rivers, The poinis at which samples were taken are
represented on the relevant meps by the reference numbers used to identify

the respective analysis values in the figures and tables.

For the sake of brevity, the various rivers were subdivided into
sections denoted by the alphabetical symbols shown below:

Map Section River seciion
A Upper X1ip River - from origin at Lewisham

r to Jackson's Drift.

B Klipspruit - ithe entire tributary of the
¢ Kliip River.

Continued /....



Map Section River section
2 and 4 [ Ab Lower Klip River - from Jackson's Drift to
{ Vereeniging.
[ ¢ Katalspruit - from origin to confluence

with Klip River.

2 G D Blsburgspruit -~ from origin to coniluence

with Natalspruit,

ce Rietspruit - from origin in Brakpan to

10

W

confluvence with Natalspruit.

E Upper tributary of the Blesbokspruit in

the Benoni area,

1™ ~ear—

r Blesbokspruit and Small Blesbokspruit in

the Springs area.

q2

Blesbokspruit in the Nigel-Heidelberg

3 areg,

Analvtical methods

The chemical analysis included the following parameters:
pH wvalue; conductivity in micro—hos; total dissolved solids (TDS);
suspended solids; mixed oxides of iron and aluminium; total hardness (TH);
chlorides; sulphates; oxygen consumed in four hours from N/BO KMnO4

(i.e. 0a); amd alkalinity. The results are all expressed in parts per

million except where otherwise stated,

Except in the cases of total hardness and sulphate determirations,

the methods used have bheen those described in Standard Methods for the

Fxsmination of Water and Sewage,8

FOI' /ul"olc



For the total hardness determinations, modification of the
Schwarzenbach method was used in which the calcium and magnesium ions are
titrated against a stondard solution of ethylene diamire-tetra-acetate,

using eriochrome black-t as indicator.

Sulphates wore determined by using a Cambridge photo-electric

10 6
turbidimeter, and & modified method of V, Zahn and R.T. Sheen and others,

Physical measurements

In addition to the chemical analyses, the detailed quantitative
investigation included the following furstions which are discussed further
below:

flow measurements at selected sampling points;

recording of daily rainfall figures,

estimation of mineral loasd from analyses and flow data,

a preliminary investigation of matural vleis and their influence

on the extent of pollution, and

daily analysis of tap water from a selected point,

Flow measurements at selected poiats
{(See Maps nos 1, 2, 3 and 4)

The Department of Water ALfairs erected 29 gauging stations,
of which nine were supplied with permanent weir structures; the Department
prepared discharge tables for these weir stations. The remaining stations
were calibrated by flow-meter technique. Daily, weekly or bi-weekly gauge

readings were msde at all stations,

Flow readings of the Xlip and Suikerboschrand Rivers at Vereeniging
were obtained from the Rand Water Board which meintains two recording weirs

at these sites. Owing to the freguent silting up of the bed of the stream

With /O..ll.
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with sand at a number of gauging places some recordings were of doubtful

value, particularly during the rainy season,

Recording of daily rainfall fimyures

Thirty nire reinfall stationg on the Reef were selected, and
records were mede of the daily rainfall at these stations from figures

supplied by the Weather Dureau in the form of monthly retwrns.

Estimation nf minersl load from analyses
and flow data

These values were calculated for the most important points in the

area from flow geugings and total dissolved solids (TDS) determinations.

(a) Dry weather flow:

Any measurement (in cusecs) made during the normal dry months
(May-October) is taken es dry weather f{low, The average of these

measurements is the average dry weather flow,

(») Vet weather flow:

Any flow measurement (in cusecs) made at any time during the
rainy'season (NovembermApril) or any other rainy period {e.g. out~of-season

rain) is regarded as a wet weather flow.

(¢} Run~off flow:

The difference between (b) and {a)., This includes surface and

sub-surface flows and increased flows from springs during the rainy season.

(d) Observed total dissolved mineral load:

Total dissolved solids x flow in cusecs x 5,38 = TOTAL MINVRAL LOAD
in.lb/2¢ hours.,

(e) Natural /......



Py,

-1l -

(e) Hatural dissolred mineral load:

This is the mineral load which would be carried in solution if the
observed flows were not contaminated by uvnnmatural mineral sall discharges,

i,e. flow x average TD3 of RUN-OFF FLOWS (100 ppm) x 5.38 = 1bs/24 hours.

(f) Expented dis=solved mineral load:

For the area under investigation run-off resulting from rainfall or springs

(Table 4)carries a Natural Total Dissolved Solid concentration (D) varying
between 25 and 146 ppm, and the dissolved mineral salts carried in these
waters constitute the NATURAL MINERAL IO4D,  Therefore if run-off (surface
or sub-surface and increased spring flow) frow rainfall reaches a stream
carrying a DRY WEATHIR FLOW (of whatever origin, e.g. sewage, or mine
effluent or spring water) the TDS of the resultant flow decreases in
proportion to the dilution afforded by the run-off having a WATURAL TDS

of 25 to 146 ppm (average approximstely 100 ppm) but the TOTAL DISSOLVED
MINERAL LOAD contributed by the whole flow increases, the increase being

the mineral load dissolved in the RUN-OFF water (difference between an
observed WET WEATHER FLOW and the AVERAGR DRY WEATHER FLOW). From the fore-
going therefore, the EXPECTED MINERAL LOAD st any 4ime during a wet season
is the sum of the aversge dry weather OBSERVED TOTAL MINERAL LOAD (AVERAGE
DRY WEATHER FLOW x AVERAGE DRY WEATHER TDS) and the FATURAL MINERAL LOAD
contributed by the RUN-OFP FLOV, Towards the end of April {(i.e. beginning
of dry season) the flow in the main streams drops rapidly and remains fairly
wiform except towards the end of the dry season wher much water is pumped
for irrigation and effluent discharges "decresse. The dry season flow

congists of normal spring flows and regular effluent discharges (mine water

pumped from underground slimes-dam penstock water, reduction works effluent
and seepages from slimes dams and rock dumps); run-off flow becomes
negligible, During the dry season, therefore, the mineral load contributed
by RUN-OFF disappears and there is consequently no necessity for calculating
the EXPECTET MINERAL %0AD for Lhis period; the streams carry a dry-weather
CBSERVED TOTAL MINFRAL IOAD only,

(g) Accumilated /.....
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(g) Accunmulated dissolved mineral load:

During the rainy sezson,run~-off water is contaminated with mineral
salts derived from slimes dems and sand dumps. Erosion of slimes dams
and sand dumps, and the oxidation of pyritic material to sulphuric acid
and iron sulphate with the concomitant leaching of selts from mineral
material, are the mein sources of polluticn resulting from mining
activity. The diacharge of large volumes of slimes dam penstock water
during rainy periods is another source of heavy mineral pollution. Areas
urder irrigation slso cornitribute mineral salts during rainy pericds. Two
important phenomena are observed when these run-off waters reach streams

carrying dry season flows (natural springs and regular effluent discharges):

(i) The Total Dissolved Solids of the resultant flow do
not decrease materially and »n proportion to the dilution

afforded by the run-off.

(ii) The observed total mineral load exceeds the expected
mineral load. The difference between the former and the latter
represents the accumulated mineral salts which have heen leached
from the soil, and/or dissolved solids in slimes dam waters which
have been discharged irregularly as effluent during storms or wet

weather, This load is designated as ACCTTULATED I7ORAL LOAD.

(h) Total excess dissolved mineral load:

The difference betwoen the oboorved total dissolved mineral load and
the natural dissolved mineral lecad represents the total addition of soluble
mineral salts from unnatural sources (no allowance being made for increase
due to evaporstion), This figure is called I7'CESS MINERAL LOAD and represents
the ACCUMULATED MINERAL TOAD and the MINERAL LOAD FROM REGULAR EFFLUENT
DISCHARGES,

A/iienas
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A Preliminary Investigation of Natursl Vleis

Natural vleis in the water courses of the Witwatersrand have

been found to constitute imporiant purification barriers:

The Olifantsvlei, which is one of the most important of these
vleis in the Witwatersrand area, was the subject of a separate investigation
carried out by the NIWR. The results of the ecological siudies on the
Olifantsvlei were published in a NIWR reportS, and will not be dealt with

in detail in this report.
The salient cheracteristics are given in the following summary.

It has been noted in the chemical survey that the polluted waters
of the Klip River and the lipspruit were considerably improved after passing
through the Olifsntsvlei. The ecological studies were undertaken to
determine more accurately the effects of the vlei on the polluted waters,
to find out what part, ° the different regions of the vlel were playing in
this purification, to work out the biology of the various regions and, if

posgible, to grin some idea of the vrocesses taking place.

From the survey it became apparent that the vlei possesgses an
extreordinary power of self-purification (maturation process) and is
capable of dealing with a complicated set of polluting factors more efficiently

than a river.

Three main types of pollubtion were present in streams entering the
vliei: mineral-ascid pollution; organic pollution; and bacterial pollution
by organisms of faecal origin, A1l three types of pollution were removed to

some extent.

The acid is neutralized by the underlyins dolomite., . However, the
vlel cannot deal with the larger volume of acid water pouring in during the

rainy season and the acid is then neutralized lower down the Kiip River.

Thexre /......
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There was very little free organic matter present in the Klipspruiit
by the time it reached the uoper arm of the vlei, but there was still a
fair amount of saline ammonia and nitrates originsting from the Xlipspruit
Sewage Works. The vlei dealt with most of the ammonia nitrogen and the

nitrate nitrogen by the time the water reached the outlet.

Bagterial purification was marked. The Klipspruit carries mainly
bacteria of faecal or possible faecal origin from the sewage works effluent,
but also saprophytic and soil bacterisz, the latier particularly during the
rainy season, All these types showed marked reduction, though tThere was
evidence of incidental faecal pollution (bird and animel life) in the vlei
itself which was magking an otherwise efficient removal, The increase
of saprophytic bacteriaz agein in the lower parts of the vlei was probebly
due to the fact that this deeper area contains large amounts of decaying

vegetable matter.

Daily analysis of tap water

In order to evaluate the extent to which mineral pollution affects
the water supply to the Witwatersrand, daily samples of tap water were

apnalysed over a period of 18 months.

Presentation of results

The chemical analysis figures of the preliminery survey are given

in Tables 1, 2 and 3,
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CHAPTER TWO

PRELIMINARY MAPPING SURVEY

AAANAAMADNAAAAADNAAANAALNDNNNDN

The upper Klip River and the Kiipspruit

AADNAAAAAAMAAANAAARAAANAAANANANAANANAADNAANMNAANANMA

(See Map no. 1, sections A and B)

Genersl

The Klipspruit and the Klip River, into which the Klipspruit flows
about ten miles from its source, together with a number of tributaries of
both these rivers, all arise in the range of hills running east-west from
Lewisham to central Johannesburg. The area is characterized by large
numbers of springs, whose waters are of a very high quality. A second
important source of water here is rupn—off from wmining properties. Some
of this mine water is pumped from undergrovnd and the quality of nearly
all of it leaves much to be desired, as it is acidic and has a very high
salinity. The effects of this contemination by mine waters in this area
are lessened to some extent by dilution due to water from springs and also
to effluent from sewsge disposal works. (Analytical results are given

in Table 1).

Detailed description

The source of the Klip River iz a spring at lewisham, This water
is immediately contaminated by run-off water from the EBast-Champ D'Or mine
(Pollution point P1), which has a total dissolved solids (TD3) concentration
of over 10,000ppum. The combined stream below the mine has a pH of 3.1
and TDS concentration of over 4,000ppm.,  Approximstely five miles downstresm
(P2) the pH is 3.2, but the TDS concentration has decreased to 500ppm, owing
to dilution by springs along the course, The water is crystal clear, but

there are no signs of aquatic life., Mine sand has penectrated the bed of

the /......
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the stream for a distance of about two miles: a small dam then prevents

further penetration.

T.e Xlip River is now Joined by a rather faster-flowing tributary
with two main branches, the first coming from Roodepcort West and the

second flowing westward through the Durban~Roodepoort Dee: Mine property.

The Roodepvort West stream, despite some organic pollution from the
Roodepoort location, is of a good chemical quality until it reaches the
lover of two dams where a small siream, originating in Roodepoort and
passing hiriugh & disused mine dump srea (P3), enters the dam. An
immediate increase in TDS of the dam is noticed., This is due mainly %o
increased hardness, Approximately three-quarters of a2 mile below this
dam a second highly contaminated run-off enters the stream, This arises
due west of Roodepoort in the vicinity of old slimes dams (P4},  The
total dissolved solids concentration of this water is over 2,000ppm and the
area appears to be a very bad source of contamination, particularly during
heavy rains, since no provision is made to prevent mine sand or contaminated

water from entering the main streanm.

The stream from the Durban-Roodepoort Deep Mine (PB) is of wvery
poor quality, having a TD3S concentration of over 2,000ppm. The pH of the
water here varies considerably, as the mine has a lime-trestment plant
(P6) situated about half a mile above the confluence of this stream and the
stream from Roodepoort West, A pH of 11,7 was recorded immediately below
the treatment plant on one ocecasion., A heavy precipitate of ferrous
hydroxide forms in the stream and is deposited in quiescent pools, The
principal constituents of these mine waters are ferrous iron, calcium, &nd
magnesium chlorides and sulphates, particularly sulphates, Sulphates
(804) in concentrations of over 1,000ppm are the rule, while concentrations
of over 2,000ppm are quite common, Not much nine sand finds its way down
this stream as a rule, because sedimentation takes place in three dams

situated above the lime-treatment plant, A sewage effluent of unknown

quality foviennn
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quality enfters the stream above the lime-trestment plaunt, while a second
sewage disposal works (P7) discharges partially treated sewage with an
oxyzen demend (A, i.e. oxygen absorbed from N/80 KMnO, in 4 hours) of

4
from 60 to 70ppm., By dilution this value soon falls to less than 2Cpom.

Below the confluence of the Klip River and the stream from
Roodepoort West, and the Durban~Roodepocrt Deep Mine, there are no further
sources of pollution or contamination for about twelve wiles, and the Kliyp
River flows through pastoral and agricultural countryside., The water of
the river (P8) is of pocr chemical quzlity sand its use is limited owing to
its low pH of 3 to 4 and the high TDS concentration of 1,000 to Z,000popm.
Dilution by spring water does, however, result in decrease of salinity.
Merket gardening in the area is mainly dependent for water supply on the

mumerous springs end small tributaries, and ndbon the river itself,

The next mejor source of pollution of the Klip River is the

Klivspruit (Map no. 1, section 'B').

The Klipspruit hes a number of tributaries of esbout egual imporiance
as far as flow and the incidence of pollution and contamination are concerned.
The main stream arises in the storm-~water drains of Johannesburg (P9) in
the vicinity of the Johannesburg market and the suburb of Vrededorp.
Somewhere in this vicinity one of the city's sewers was faulty and as a
result sewage, on occasion, entered the storm-water sgystem., A snap sample
of the contents of one of these drains had an OA of 1,2%ppm; ancther hed
an 04 of 8%pm. Dilution by incoming drains reduces these values to about
TOppm in the vicinity of the municipal ter plant in Booysens (P11), &
fairly large drain discharges mining weste water and seepesge water from the
Robinson Deep Mine sand dumps (P10) into the main stream just above this
tar plant., The TD3 concentration of the mein strsam af the tar plent is

high, nemely sbout 1,000ppm,

4 canaliged gtream coming from the direction of the Turffontein

golf course (P12) Joins the wmain stream immediately below the Tar plant.

This /vevsns
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This stream is badiy polluted, having an CA of approximately 40ppm, and
& TDS concentration of over 3,000ppm; the latter consists mainly of
calcium and magnesivm sulphates, which probebly originate from factorieg
next to the stream, (¥his matter was being investigated by the

Johannesbhurg municipality)c

About 300 yards belew the junctions of these {wo stresms, a
canalized stream discharges seepage water from slimes dams lying to the
south of Robertsham (P13), This water has a pd of 6 and a TDS concentration
of over 2,000, due mainly to calcium and magnesium sulphates which cause

permanent hardness,

The Klipspruit here flows through the Crown Mires area, Here storm-
water run-off from slimes dams and sand dumps has direct access to the river,

which is heavily silted up in coizequence.,

Approximately 200 yards above the upper Concordiz Dam & considerable
flow of contaminated water (with a pH of 6 to 7 and TDS concentration of
ovey 1,500ppm) coming from a reduction works (P14) on the north bank,

enters the river.

The main stream now enters the Concordia Dawr.., At this point
the stream has a pd of 4 to 5 and & TDS concentration of over 2,C000ppm.
Dilution of the water in the dem is effected by a fairly strongly flowing
stream of good chemical guality, which enters the dam from the south., This
benefit is counteracted to a large extent, however, by contamiration due to
run-off from slimes dams (P15) along the north bank of the dams, particularly
during heavy rains, The two dams have an important function in that they
bring about the sedimentation of mirne sand. The effluent from the lower dam
contains no suspended solids; the diszolved solids corncentration is of course

not affected materially, the effluent hav’-mg a concentration of over 2,0C0Oppm.

The river flows past a further series of slimes dams (P16) which are
a potential and actual source of contamination during storms, and, abcuf two

miles below the Concordia Dams, discharges into the Cavada Dam.

TWO /cuuo-o
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Two other streams also discherge into the Canada Dam, The first
arises at Irdustria (P17), an industrisl suburb to the north of Johannesburg;
its water quality is= reasonable, but highly veriable, Sewage effluent from
the Antes disposal works at Industria was admitted to the stream until March,
1951, The water is now contaminated as a result of industrial activity, and
the Johannesburg Municipality was studying the matter., Before entering the
Canada Dam, this stream from Antea is Joined by a stream which staris neer
Maraisburg, as a spring of exceptional purity, but which is contaminated by

run-off from mine dumps and slimes dams (P18) all along its course.

During dry weather, however, the chemical quality of the combined

streams entering the Canada Dam is reasonable,

A third stream enters the Canada Dem from the west, This water (P19)
is heavily contaminated by iron, celcium and megnesium sulphates, heving a
1DS concentration of over 2,000ppm; organic pollution was alsce noticed, the

gource being a mine compound of the Consolidated Main Reef Mine,

The effliuent from the Canada Dam, at the time of the survey, was free
from suspended matiter but had a pH of 4.8, a TDS concentration of over

1,000ppm and zero oxygen demand (0A).

South of the Cansda Dam the Xlipspruit is joined by a stream of poor
quality from the east. This conteins sewage effluent, mine water run-off,
and seepage from the Crown Mines (P20). The pH is fairly high 8.8,
indicating lime {rsatment of the mine water; the OA is about 70ppm: and

the TDS concentration is over 3,000ppm.

Another important stream, viz the effluent from the Rand Leases Dem,
now enters the main stream (the Klipspruit) from the west; the stream has
a pH of 8 and TDS concentration of 2,000ppm, The OA is negligible, The

principal contaminents are calcium and magnesium sulphates,

The REand Leases Dam has two main contributing streams, The first
arises at the eastern reduction works of the Durban-Roodepoort Deep Mine,
It is of poor quality te start with, and before entering the dem it is further

contamineted by seepage and rain water run-off from slimes dams (P21) of the

Durban~Roodepoort /...
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Durban~-Roodepoort Deep Mine and the Rand Leases Mine, The TDS concentration
is over 2,000pmm =2nd the pH about 7. In addition the stream carries over
5,000ppm suspended solids consisting mainly of mine sard, and the Rand
Leases Dam, which serves to prevent this mine seand from getting into

streams further down, is heavily =ailted up in conseguence.

The second atream from Florida ILske entering this dam is of =
reasonable chemical quality, having & TDS concentration of approximately
400ppm and a pH of 8, Permanent hardness accounts for most of this
salinity which is mainly derived from sand-dump seepage (P22) from south
of the Florida Dem. This streamr has its origin in a number of springs °
of exceptional quality situated to the east of Roodepoort and betwsen
Florida and Discovery., The conductivity of these spring waters is around
15 micro-mhos, Storm water run-off from Roodepoort, Discovery and Florida,
mixes with these spring waters and flows into the Florida Lake and thence

into the Rand lesses Dam,

The Klipspruit, having been joined by the stream from the Rand
Iéases DPam, now flows through the Oriando Bantu township, where it is further
polluted, particularly during rain storms. Just south of this township the
Orlando Power Station Dam (F23) overflows into the Klipspru.t, This dam
provides cooling water for the power station, It is fed by two smell
streams of good chemical quality and by approximately 2 million gallons per
day of high grade, sand-filtered sewsge effluent from the Klipaspruit sewage
disposal works (P24), The wse of this sewage effluent for power-station
cooling water is one of our best examples of the re-use of water for industrial
purposes., DPuring normal weather there is no overflow from this dam, but
the flow of water into the [lipspruit is maintained as a result of the ash
disposal system in use at the stetion. The quenched ash is carried by water
to 2 site helow the dam where it is dumped, and the excess water then goes
on into the Klipspruit, The water has a pH of 7.9 and a TDS concentration
of approximately 800ntm, consisting mainly of calcium and magnesium chlorides

and sulphates,

Drainege water, from sewage irrigation on ryegrass fields in the

Pimville Bentu township area (P25), enters the Klipspruit a short distance

below /......
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below the Orlando Power Station Dem stream, The quality of this watexr
can vary enormously, but has in recent years been fairly gord. It is
usually a stable effluent with an oxygen demand of less than 30 ppm.
Witrates are often present and a nitric nitrogen concentration of as much

ag 20ppm has been recorded.

4 short distance below the point of entry of this sewage effluent, =
stream (P26) of good chemical qguality enters the ¥lipspruit from the
north—weét. The pH is 8,1 and the TDS concentration less than 1CCppm,

In spite of this dilution, the water of the Klipspruit sampled at the bridge
on the Potchefstroom road is still of poor chemical quality, having a pH of
5.9 and a TDS concentration of approximately 2,000ppm. The chemical

contaminants are almost exclusively selts which cause permanent hardness,

Just south of the Potchefstroom road, effluent from contact~itype
biological filters (P27) that treat kitchen waste-water from the Moroks
Bantu tovmnship, flows into the Klipsovruit. The quality of this water is
poor and oxygen demsnds of 30 to 40ppm are not uncommon; but the flow is
small, This is the last major source of pollution of the Kiipspruif, and
about three miles downstream it joins the Kiip River, which is now a fairly

strongly flowing river,

The Kiip River, sampled about a mile helow its confluence with the
Klipspruit, that is at the bridge on the roed to Vanderbijlnark, hed a pH
of 7.4 and TDS concentration of arer 1,500ppm.  The high pH appears strange,
in view of the acidity of the Klipspruit and Klip River cnly & few miles
ups tream, The river at this stage flows very slowly, however, owing 1o
the flat 2nd marshy nature of the countryside, so that changes in chemical
guality brought about by rain would take some time to be transmitted

downstream, Then, too, spring waters here are alkaline,

Olifantsvlei farm, a Johennesburg municipal sewage disposal famm (p2s),
is situated along the north bank of the Klip River at this point, The
road from Johammesburg to Vanderbijlpark passes through the farm, which for

meny years has been irrigated with orimary settling~tank sewage effluent.
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The farm is large and the irrigation well-contrelled, so that no run-off

of a serious nature is encountered, The Harrington Spruit crosses the
farm; its source is just east of the Klipspruilt sewage disposal works

and it runs westwards through Klipspruit farm (P29) where a certain amount
of organic pollution is picked up, Nitrates make their ampearance and the
0A figure rises from mero Lo a veriszble value betwesen 10ppm and 4Oppm,

The Harrington Spruit then flows soutbwards into Olifantsvlei farm and from
thére into the Xiip River. During this last stags the chemical composition
was found 4o remain practically unchanged at a pH of about 7.5 and a TDS
concentration of about 1,000ppm. The QA was approximately 15ppm, the
saline ammonia nitrogen was about 7ppm and there was 2 trace of albumineoid

ammonia nitrogen.

The Klip River now continues to flow through swampy areas {(vleis)
and a sample taken abcut a mile and a hsalf downstream (PBO), where the
Johanneshurg-Vereeniging road crosses the river, had a pH of about T; a
TDS concentration of about SO0ppm; no nitrate nitrogen and little
albuminoid end saline ammonia. The 0A was negligibvle. The decrease in
TDS concentraztion is directly attributable to dilution as this area contains

e fairly large nurber of springs.

Gradual improvement of the Klip River, due principally to dilution,
is maintained for the next eight oy nine miles until just before its
confluerce with the Natalspruit (see Map no, 2). Here the pH was 7.9 and
the TDS concentration about 800ppa. The increase in pH to 7.9 is due to the
alkalinity of some of the ground water in the aresa, which is in contact
with the dolomite series of the Tran.vaal system and has, according to Bondl,
(p.69), an average pH of 7.9. As s result of the high pH the iron and
aluminium content drops to a negligible value, the re—='ning contaminsnts

being calcium and magnesium sulphates and chlorides,

Discussion

This survey of the upper Klip River and the Klipspruit has indicated
that the twe rivers, rhieh chart off as springs of ezeceptional purdty, both

become 80 heavily contaminatod swithin a few miles of their sources that they

are /,....
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are rendered wnfit for most agricultural and industrial uses,

During dry weather the main sources of contamination are seepage water
from slimes dams, sand dumps and regular effluent discharges from mine
workings [see page 11,item (£)]. During storms, large cuantities of water
are involved when storm-water run-off from slimes dams and sand dumps carries
with it considerable quantities of salts in solution, and sand and silt
in suspension. Ir this area the problem of mining water is z serious one
and warrants a special study, with particular atiention to the re-use of

water.,

Penetration of mine send into the beds of these two rivers and their
tributaries is very serious, since the normal aguatic life has been
disturbed and self-purification processes impaived. TFortunately most of
this sand is removed by dams in the area, but as these daims are rapidly
silting up they will not be effective for very long, unless extensive

dredging is carried out.

Of the sewage disposal works encountered, the twoe Johannesburg
municipal works, Klinspruit and Clifantsvlei, are the most important. The
effluerts which enter the rivers from these are of reasonable quality being
Iimited %o run~off end seepage from lrrigated land, In fact the sewage
effluents reduce sslinity, because their total dissolved solids concentrations
sre generally lower than those of the streams. The Olifantsvlei is an
effective pollution berrier which should be protected against the ravages

of silt, zand and acid waters.

The Klip River leaves the area covered by this section of the
report at Jackson's Drift. Analyses made so far show that the quality of
the Klip River water leaves much to be desired, but they do indicate the
beneficial effects of dilution and it must be considered fortunate that the
Witwatersrand is a fairly well watered region, In more arid parts of
South Africa, similarly contaminated streams would stand no charce of

recovery by dilution.,

T}‘le /ll.'l'l
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The Natzlspruit, Blshurgspruit, Rietspruit from

AAADNAAAAAARAAANAMNAANMAAANMAANADNDNAAARAANMAAANADNAAAARAAAANND

Brakpan, and the middle reaches of the Klin River

AMNAAMAAAAANAARADNRDNALCAAAANAAAAAMNAAAAANMANDADNMARAAANANDARN

(See Map no. 2, Sections C, D, CC, and a portion of AA)

Jenersl

The Natalspruit, Blsburgspruit, and the Rietspruit all arise in an
arc along the eastern Witwatersrand, This erc extends from Johanneshurg
in the west, through fermiston and Boksburg, to a position south of Brakpan
in the east, The original sourcez of the streams in this area heve been
lost in a mege of mining and industrial effluents as a result of the intensive
mining activity and industrial development in the area,  Although dilufion
of these contaminated streams is effected by numerous springs and tributaries
to the south, pure unpolluted streams that might serve as diluents are rare in
the head-water zones, - The analyses of the waters in this area are

presented in Table 2,

Detailed description

The Natalspruit, which ig the largest stream in the aress wder
discussion, has its source in the storm-water drains of eastern Johannesburg,
a predominantly industrial area, A%t Wolhuter (P31), where these drains
emerge into the open, a sample of the waler indicated severe mineral and
organic pollution, The water had a TDS concentration of over 1,000ppm, and
the OA was 62pmm.  All along the banks of the river here, we find slimes
dams and sand dumps. Seepage water and storm-water run-off have easy access.
After passing through one smell dam the Natalspruit enters the Rosherville
Power Station Dam (P32), which is of considerable size ard provides cooling
water for the power gtation. It is also the focal point for two other

streans,

The more important of these two streams comes from the Wemmer Pan (P33)
to the south-west of Rosherville, The water of this pan is maintained by
springs and storm-weter run~off from the surrcunding suburbs and sand dumps,
but the efflvent from the pan is of reasonable chemical quality with a TDS

concentration of about 550ppm and an OA of 7ppm. The pH of 4, however, is
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fairly low. Shortly after leaving the pan, this stream is joined by
run~-off of poor quality from the direction of the City Deep Mine reduction
works (P34). The TDS comcentration of this water is over 1,000,

Here, too, penstock waters and =eepage fron slimes dams and sand dumnps have
direct access to the stream, which is heavily silted up in consequence.

This stream crosses the Durban reoad and ‘nters the Rosherville Tez.  Along
this section it is canslized and pasces clese to a large climes dam (P35),
from which seepage enters the furrow. This reepags has a TDS concentration

of over 2,800ppm and contains over 5,500ppm of suspended solids,

The second stream enters the Rosherville Dam from the north. It also
drains a mining area (P36), ag is evidenced by a TL3 conceniration of over

3,000ppm, consisting mainly of celeium and magnesium salts.

The effluent from the Rosherville Dam, the Natalspruit, is of z very
poor guality with a pH of 5.3 and TDS concentration of over 2,000ppm. Sand
end silt in suspension have, of course, been effectively removed by the dam,

but the capacity of this is reduced accordingly.

About a quarter of a mile below the dam the Natalspruit is Jjoined by =
steadily flowing streem which enters from the south-west. Along its upper
reaéhes in the Klipriviersberg area (PB?) the siream iz very clesn, but it
is contaminated by seepage water from the Wemmer Pan stream, since these

two pass very close to each other at one point.

A few hundred yards after crossing the road from Johannesburg to the
Rand Airport, the Natalspruit is joined from the north by another badly
contaminated stream, with a pH of 3.5 and TDS concentration of over 3,500pmm.
This stream arises in the vicinity of Geldenhuis Station (P38), and is
maintained by seepage from slimes dams and by storm water drainage. Seepage
from one slimes dam in the area had a pE of 4 and TDS concentration of over
4,000ppm consisting mainly of salts responsible for permenent hardness,
Sand and silt are removed by a small dam before this stream joins the
Natalspruit, which now flows through & gep in the range of hills and enters
the town of Alberiton. . '
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In Alberton the Natalspruit water has a pH of 3.8 and TDS concentra-
tion of over 2,000 mm, Here the river is joined by 2 small stream (P39)
from the west, but this water is of good chemical quality. South of
Alverton the Natalspruit enters a marshy valley, and at this point (P40), it
is joined by a stream of considerable importance, the Elsburgspruit, with
water of variable guality. At the time cf sampling it had a pH of 7.2

and TDS concentration of over 1,700ppm.

The Blsburgspruit arises in the viecinity of Deimore Station and
drains a large mining areca (P41) to the north-east of Germiston. Waste water
and seepage water from these mine properties collect in a small dam (Pa2)
next to the main Germiston-Beksburg rozd, where so much sand and silt have
been deposited over the years that the dam is now completely filled.  Water
punped from this dam is re~used by the mines but the excess water, which
has a vH of 4.6 and TDS concentration of over 3,000ppm, crosses the above-

mentioned road and enters the Elsburg Dam from the north~west.

A secand stream enters the Elsburg Dam from the north-east. The
area (P43) to the north-west of Beksburg is drained by a furrow which passes
through the Comet Deep property and crosses the Germiston-Boksburg road to
enter the Angelo Pan (P44). This water is largely made up of effluenl and
seepage from mining activity and has a pH of about 4.0, a2 TDS concentration
of over 10,000ppm, suspended solids of 11,000ppm and an 04 of 450ppm.  The
efflvent from the Angelo Pan, which is still acidic, is treated with lime
by the mining authorities, and flows into dam 'B', A second stream enters
dam 'B!' from the north, and this is also treated with lime since it is an
acldic mining effluent with over 3,000ppm dissolved solids.  Judging by the
smell and appearance of this water, it contains a fairly large proportion of
waste water from a compound for Bantu workers (P45) north of the railway
line, Seepage water from dam 'B!', at the time of this survey, has a pH of

3.5 in spite of the lime treatment.

Dam 'A' (see Map no. 2) also contains mine water, the stream (P46)
from north of Angelo Station having a pH of 4.3, and TDS concentrztion of over
4 ,000ppm. This stream is joined by another from the west, which iz largely

compound waste water, with an 0A of 50.3ppum.
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The combined effluents from dams 'A' and 'B', having a pH of 4.6 and
TDS concentrations of over 3,500ppm, flow into the Elsburg Dam, where the
remeining send is removed from suspension. The effluent from the dam is
Joined at some distance further down-stream by a stream from the west, which
originates north of Germiston in the vicinity of the Simmer-end-Jack and the
Rose Deep mines (P47). This water, which is almost entirely run~off from
mining property, has & pE of 8.5 indicating lime treatment, and TDS concentra-
tion of over 3,000ppm, due mainly to calcium and magnesium salts, It enters
a storm-water drain and flows intc the Viectoria Lake (P48), carrying with it
approximately 4,000ppm of sand in suspension. This silt load necessitates
dredging of the lake, which 1s silting up rapidly. A second stream of
contaminated water enters the lake from the west, This stream drains the
area occupled by the southern Simmer-sznd-Jack slimes dams and sand dumps
(P49) and is of extremely poor gquality, having a TDS concentration of over
4,000ppm, The pH of 914 indicates lime treatment of the mine water. The
effect of these contaminated streams on the water of the Victoria Lake is
indicated by the state of its overflow water, which has a TBS concentration

of 4,000rmm a2nd & pH of zbout 5.5.

Avout a mile from the laske the overflow is Joined by the Georgetown
stream (PSO), which originates in Germiston itself and now functions primerily
&8s a storm-water drain, At the time of sampling (dry spell) the water was
of feir quality, with a TDS concentration of 60Cppm, Neayly two miles further
downstream the combined stream joins the Elsburgspruit which is the overflow

from the Elsburg Dam.

Imrediately to the west of the Blsburg Dam, several morgen of land
have for rany years been used as a land disposel site (P51) for molasses-slop
from a local chemical factory. During dry weather conditions this disposal
system does not impose an edditional pollution load on the stream below the
site, but during storms a considerable quantity of very heavily polluted
water finds its way into the Elsburgspruit and constitutes a serious nuisance.
This is evident for z considersble time after rain storms becavse the
Elsburgspruit, before joining the Natalspruit, enters a wide, reed-filled

swamp and flows very slowly so that septic conditions sometimss prevail,
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About a mile to the south of Elsburg town ancther important siream
enters the Elsburgspruit. This is the overflow from the Cinderella Dam
(P52) near Boksburg; it has a pH of 4.5, TDS concentration of over 2,000ppm,
and OA of 14,.8ppm. The main stream, which enters the Cinderella Dem from
the north, arises about two miles north-east of Boksburg. it is a clear
stresm until joined from the east by effluent from a petrelesum refinsry {P53),
This effluent is of extremely variable quaslity, but & srap sample taken at
a time of large flow had a pH of 9,4, a TDS concentration of 1,700ppm and an
CA of 504ppm. A short distance below the conflusnce of this effluent with
the stream, the first mining contanination is encountered; the guantity,
however, is small during dry weather conditions. The source of this
contemination is the East Rand Proprietary Mine (P54), where catchment dams
and pumps have been provided in an effort to prevent storm-water run-off from
entering the stream and, subsequently, the Boksburg lLake. As far as surface
drainage is concerned, these measures are effective in all but the heaviest

storms.

During storms the Boksburg Lake (P55) receives, in eddition to the
mine run-off water and water from the refinery, large quantities of storm-water
from Boksburg. This water prevents the TDS concentration of the lake water
from rising sbove 60G to 700ppm. At the time of this survey, the pH wes 4.3
and the TDS approximately 500ppm.

About three guarters of a mile below the lake, its effluent enters
the Cinderella Dam, which suffers contamination from mining activity along
its banks, giving rise to the TDS concentration mentioned earlier, of over
2,000ppm.

The Elsburgspruit, having been joined by the Cinderella Dem effluent,
is now a fairly large stream., Some dilution of the river water is effected
a iittle lower down by a clean water stream from the east, but the volume
of vater involved is not large in dry weather. A sample from the main
stream below this point showed that the water is still extremely smaline,

having a TD3 concentration of over 2,000pmm and a pH of 4.6

The next important source of water in this area is the Rondebult

sewage purification works (P56), which serves both Germiston end Boksburg.
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It is a modern, well equipped works; sewage effluent, which is of good
guality, is utilized for irrigation and only seepage from irrigated land
enters the Blsburgspruit which flows past to the north of the disposal

works, The seepage entering the spruit has an average TDS concentration

of 1,020ppm, an OA of 11.5ppm, and its pH aversges 7. The alkalinity of

the rmun-off bhas the effect of precipitating iron and aluminium in the
Elsburgspruit, and the pH is rsised to about 6.3, while the TDS concentration

drops by approximately 300ppm.

It has long been the practice to irrigate this area with Elsburgspruit
water and effluent from the Cinderella Dam, but, cwing to the acidity of the
water, liberal applicationg of agricultural lime heve been necessary to
prevent damage to crops. The high salinity of the weter has affected the
soll considerably, with the result that crops are poor. Better results
are reported, however, hy farmers using the Elsburgspruit water after
admixture with Rondebult sewage effluent, although the saliniiy is still
rether high,

The Elsburgsnruit enters the Natzlgpruit a few miles to the north-
west of Rondebult and the resultant stream has an average pH of 56,1 and TDS
concentration of approximately 2,000ppm., TFrom this junction for a distance
of about eight miles, the Natalspruit flows through pastoral and agricultural
countryside, where some dilution of the river water is effected by springs.

A sample of the river water taken just before its confluence with the Rist-

spruit (P57) hed a TDS concentration of 1,500ppm and pH of 7.9.

The Rietspruit, which enters the Natalspruit from the north-east,
arises in the Witpoort gold area (P58) about four miles t0 the south-west
of Brekpan, The stream is a small one so that seepage and run-off from
mines in the area scon affect its composition adversely, the TDS concentration
immediately south of the Van Dyk mine being over 1,00Cppm.  About seven
miles from its source the Rietspruit is joined by a2 small stream that
originates near the S.A. Lands mine (P59)., This stream is conteminated to
much the same extent as the Rietspruit by seepage from slimes dams along its
course, By the time the Rielspruit joins the Natalspruit, dilution by springs

along its course has reduced the TDS concentration to aboub 350ppm.
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About two miles below its confluence with the Rietspruit, the
Netalspruit flows into the Klip River (PéO), which herse has a pH of 8 and
TDS concentration of about 800ppm, while the Natalspruit has a pH of 8 and
TDS concentration of 1,400ppm.

The upper resches of the Klip River, extending to Jaclkeson's Drift,
are discussed under 'General', (p.15). At Jackson's Drift the Klip River
hag a pH of about 7 and TDS concentration of about Cppm; it can be seen,
therefore, that by the time the Watalspruit is encountered the pH has
inecressed by one unit to & pH of 8, and the TDS concentration decreased to
800ppm,  Both these changes are directly atiributable to the influence of
spring water which, in this area, comes inte contact with the dolomite series
of the Transvaal geological system and hes in cousequence a high aversge pH
of 7.8 (Jee Bond® v.69).

The Klip River water, which now contains the Natalspruit's contribu~
tion, has at this stage in its flow to the Vaal River & TDS concentration of
about 1,100ppm; moreover, because of the high pE of 8, only traces of the
iron and aluminium salts derived from mining end industrisl sources are
detectable, The dissolved solids, now comprise almost entirely calcium,
magnesiuwn and sodiun salts, resultling in a falrly hard water but one that

is not altogether unsuitable for irrigation purposes.

The lower reaches of the Klip River will be fully discussed at a
later stage, but for the sske of completencss it is worth mentioning that the
river water eventually enters the Vaal River and, at the time this survey
was conducted (late summer), had =2 TDS concentration of approximately 80Cppm

and a pH of 8, indicating further dilution,

Discussion

This preliminary survey of the areas drained by the Fatelspruit, the
Elsburgspruit, and the Rietspruit, has indicated that mineral contaminztion
of these rivers i3 especially prevalent and that pure unpolluted tributaries
are not encountered along the upper reaches. The high salinity of these

river waters make them unfit for nearly all asgricultural and industrial uses;
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furthermore, signs of acquatic life are rare along many stretches.

During dry weather conditions, the main sources of contaminzfion appear
t0 be seepage water from slimes dame and sand dumps end regular effluent
discharges from mine workings [see page 11, item (£)], In addition, large
quantities of water are involved during storms, when storm-water run-—off
from slines dams and sand dumps carries with it large quantities of salts in
solution and sand in suspension. Indeed, mine waters in general present
2 big problem and one that certainly warrants investigation, particularly

with regard to possible re-use of the water by the mines or by industry.

The penetration of mine sand into the beds of the rivers is another
important feature in this area, since normal stream life is disturbed and
natural self-purification properties are impaired, The marshy, reed-filled
vleis, where sand resdily collects, are importent pollution barriers and
must be protected. Fortunately, however, most of the sand snd silt is
removed from the stream by dams in the area, but these dams are rapidly
silting-up and will be effective for only a limited time unless extensive

dredging is carried out,

In addition to mining contaminztion, some unsuitable industrial
effluents are being discharged inte these rivers, a practice that must be
actively discouraged., This is not unreasonable in view of the fact that
suitable methods of treatment are available, or can be developed, for most

industriel effluents.

The only sewage purification plant in the area is at Rondebult, and
this serves both Germiston and Boksburg.  This plant, which treats
approximately six million gallons daily, contributes seepage water of good
quality to the Blsburgspruit and cannot be regarded as & source of pollution,
In fact this seepage water is of better chemical quality then the river into
which it flows. Organic pollution of rivers in the area under discussion
was, however, noted at a few points, notably near Bantu compounds where

kitchen waste-water was discharged without any treatment,

On leaving the mining and industrial areas, all the streams gradually

improve in qualidy, owing to dilution by springs and tributaries. The
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inerease in pH which dilution brings about, results in the precipitation
of iron and aluminium salts, The remaining contaminents are chiefly
calcium, magnesium and sodium salts, which give rise %o a rather hard

water, not very suitable for agricultural use,

The upper tributary of the Blesbokspruit, the Blesbokspruit

AARAAAAAANMAARAAAANAANDAAAARAARARNAAOARAAANANNAADNANAANANAAMAAAAMNAAAAA
and the Small Blesbokspruit in the Springs area, the
AAADNARNNDAAAAAAAANAANABARAAAANANAAAADANNAAAAANNANAARMAAANMN
Blesbokspruit in the Nigel-Heidelberg area, ard the

AAANAABMADNADAAAAAAARARMAAAANAARAAANAALAMABDANAARAARNANAANAMONAANAAA

Suwikerboschrand River,

AAAAANNAAANBHAANANARANN

(Map no. 3, sections B, ¥, and 4.

Genersl

There is a marked resemblance between the mining and indusirial
activities of the Central Rand znd the East Rand; consequently the nature
of mining and industrial effluents does neot differ greatly Tor the iwo areas.
Although the Blesbokspruit is burdered by a considerable load of poliution
in its uppsr reaches, the extent of dilution by springs and tributaries to
the south markedly restores the self-purification processes of the river,

Analytical results are presented in Table 3; p.6.

Detailed description

The Blesbokspruit arises a few miles t0 the north-east of Springs., It
is a small stream of little importance until it is joined near Welgedacht
Station (P61) by a large tributary from the west, which hzs it source in
mumerous springs in the vicinity of the Jan;Smuts Airport (P62) and Kempton
Park, To start with, the water of this tributary is of excellend chemical
quality, having @ pH of 7.1 and a TDS concentration of 128ppm. Three dams
north of Benoni are actunlly popular fishing spots. The lowest of the three
dams, the so-called Laundry Dam (P63), receives the first important contamina—
tion by way of a storm-water drain from Benoni. This contains seepage from
sewage~irrigated land (P64) and from some industrial waste, the mixture

having a pH of 7.7, a TDS concentration of 680ppm and an OA of 9.8ppm.
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The first mining contamination is encountered immediately below the
Laundry Dam, This consists of mine waters, seepage water from sand dumps
and slimes dams and waste water coming from the direction of the New Xlein-
fontein mine (P65). 4z a result, the nature of the stream changes abruptly;
the TDS concentretion increases to over 2,5C0ppm, consisting mainly of
calcium and magnesiuvm sulphates, but the pH remains constant at about 7.4,
indicating lime treatment of the waste water. At the time of sampling
{1ate summer), the flow in the stream here was small and about two and a
half miles downsiresm i% had ceased completely. This stretch of the strsam
is a very bad one during rain storms, since slimes dams and sand dumps on
both banks must contribute large quantities of contaminated run-off water,

and the bed of the stream is silted up with mine sand.

After flowing esstwards the stream now suddenly turns southwards and
at this point (P46) it is joired by two small tributaries. The first is
the overflow from the Rynfield Lake (PA7) end is a reasonably good water
with a TDS concentration of about 600ppm; the second is run-off from the
Modder B Mine (P68), with a pE of 5.6, a TDS concentration of over 2,000ppm,
ard an OA of 37.6ppm, This second stream also contains kitchen waste-water
and has a most uwnpleasant smell. After its confluence Fith these two small
streams the maln stream continues to flow between slimes dams, and, by the
time it reaches the Geduld Dam (P69), the TDS concentration has risen to
about 3,500ppm while the pH has dropped to 3.1,

Three other streams enter the Geduld Dam, The first of these, which
enters from the west, consists almost entirely of mining effluent from the
Brakpan mines (P70) and is a water of poor quality, with a pH of 3.8, and a
TDS concentration of =bout 4,700ppm. The second stream is a strongly
rumning furrow, which enters from the south-west and which originates in
the Brakpan Lake (P71). Brakpan's modern sewage purification plant is the
main source of water for the lake; +the effluent is of good quality with a
pH of 7.2, a TDS concentration of 438ppm, and an OA of 11.8ppm. A power
station situated on the north bank of the lake uses the water for cooling
purposes, Under normal conditions the lake has no outlet, but when the

water reaches a certain level it is pumfed into the furrow referred to above.
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A sample of this water had a pH of 9 and TDS concemtration of SHéppu.
Kitchen waste-water from compounds of the State mines (P72) and waste-water
from mining activity also enter the furrow; +the TDS concentration increases
to over 1,100ppm and the OA walue to 44.0ppm. The third stream enters the
Geduld Dam next to the dam overflow, just south of Dersley Station. This
stream enters from the south and containg mining effluent from the Geduld
mine, no. 7 shaft (P73), The water has a pH of 8, indicating lime
treatment, and a TDS concentration of 2,000ppm.

The effluent from the Geduld Dam is of very poor chemical quality, as
its pH is 3.1 and the TDS concentration about 4,000ppm, while iron and
aluminivm oxides amount to 360ppm., This water immediately enters a further
dam where some dilution vprobably takes place during storms, since the effluent,
although s%ill very acidic, hag a TDS concentration of 2,0C0pmm which is
considerably less than that of the Geduld Dam,

Cowls Dam (P74), into which the stream now flows, is the last of a
series of dams which nrovide water for mines and industries in the area.
This dam, together with a mine, a factory, and a sewage disposal works, form
vhat is nearly a closed circuit in woter utilization, the main sources of
raw water belng the disposal works and underground water from the mine.
Owing to the poor gquality of the mine water, the factory has had to install
2 treatment plant at considerable cost, in order to obtain water suitable
for process use, For many years the water from this factory was a serious
contaminant of the stream, but in recent years congiderable improvements
have been effected and the effluent, although still not completely satisfactory,
is fit for re-use by the factory, The sewage works (P75) mentioned above
serves the Springs municipality and produces an effluent of reasonably
quality., [Kone of this, however, enters the stream since it iz all used

by industry,

The effluent from the Cowls Dam now enters the Blesbokspruit (P6l)
and the combined stream samples at the bridge on the road from Springs to
Delmas had a pH of 7.2 and TDS concentration of over 2,000ppm. The fact
that thé rH of this water is so much higher than that of the influent to the
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Cowls Dam is due to the allaline nature of the factory effluent, discussed
above. Slimes dams in this area contribute contaminated run-off and

seepage water during storms,

About five miles below its confluence with the large iributary from
Beroni, the Blesbokspruit is Joined by the Small Blesboksvruit (P76), a
fairly strongly flowing tributary which originates west of Springs (P77) end
flows through a mining and industrial area., Here seepage and drainage from
slimes dams, sand, rock duvmps, and other mining activity soon affect its
mineral composition adversely. Drainage from one rock dump (P78) had the

uncommonly high TDS conecentration of 56,530ppm, and a pH of 2.8.

Approximately one mile before its confluence with the Blesbhokspruit,
the Small Blesbokspruit receives the seepage and run-off water from sewage-
irrigated land (P79), This effluent comes from the Ancor sewage purification
plant that sérves a large portion of Springs. It is of good chemical
quality, having & pH of 7.2, a TDS concentration of 400ppm and an OA value
of about 11.0ppm, The Small Blesbhokspruit at this stage has a pH of 3.6
and a TDS concentration of 3,400ppm. The sewage effluent, therefore, serves

as a diluent.

The Blesbokspruit now flows southwards down a long marshy valley,
which extends to within a few miles of the minming town of Nigel., Along
this stretch of the river are a few potential sources of contamination,
namely the Dagzafontein (P80), Vogelstruisbult (PS1) and Marievale (P82)
mines. I% is possible, however, that only during the more severe rain storms
can run-off water from slimes dams and sand dumps find its way into the

Blesbokspruit; but the position needs to be watched.

The next major source of contamination is a stream which arises
north~west of Nigel in the vicinity of the Vliaekfontein gold mine (Ps3).
A sample, teken where the Springs-Nigel road crosses the stream, had & pH
of 5 and a TDS concentration of 2,000ppm, due mainly to calcium and
ragnesium sulphates and chlorides which might be of eewage origin,
More mine water enters this stream about two miles lower down., This is
seepage water from slimes dams of the Sub-Nigel mine (P84) and it has a pH

of 3,3 and 2,400ppm dissolved solids,
This /....



This tributery of the Blesbokspruwit now flows into two successive
dams, bounded by mining property and slimes dams (p85) just north of Nigel,
and the overflow, which has a pH of 4.3 and 2,600ppm dissolved solids, passes
through the towm and into the main river about one mile further down., A
sample taken from the combined streams about a mile below this confluence
had a pH of 7.4 and TDS concentration of 2,100ppm. The Nigel sewage
digposal works (P86), which is situated here, produces an effluent of good
quality but none of this enters the Blesbokspruit as it is all used for

land irrigation.,

Additional contamipation from mining sources can enter the river
below this point, for exawple from the Spaarwater (P87) and Poortjie mines
(P88), but here again this is only possible during unusually severe storms,
During dry weather, dilution by springs and small tributaries is the main
factor in this section; and by the time the river reaches Heidelberg, &

decrease of approximately 400ppx in TDS concentration has been brought about.

A tammery (P89) in Heidelberg disposes of its effluent in a series of
small settlement pools, but these appear to be barely adequate and seepage
water was seen to enter the river, No sample was obtainable, but tammery
wastes arc lmown to be generally undesirable in streams beceause of their

large oxygen demands.

From Heidelberg until its confluence with the Suikerboschrand River
(PQO), the Blesbokspruit receives no further pollution and the TDS concentra-
tion falls to about 1,300ppm, while the pH rises to 7.8. The gradusl rise
in the pH of the river water, from about 7 at Springs to 7.8 here, is due to

the alkalinity of the ground water in the area,

The Suikerboschrand River, which is a faifly atrongly running stream
under normal corditions, rises about thirty miles east of Heidelberg. Since
this river passes through agricultural and pastoral countryside, no mining
or industrial conteminants have access to it and in consequence the water is

of good chemical quality, the pH being 7.8 and the TDS concentration 125ppm.
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From its confluence with the Blesbokspruit, the Suikerboschrand River
flows through open countryside for a further twenty miles before entering
the Vaal River a few miles above Vereeniging (P91, Map no. 4). At the time
of the survey the pH of the water here was 7.2 and the TDS concentration over
T00ppm, while the conductivity was 1,000 micro-mhos. Hand Water Board
records indicate that, for this river water, the average monthly conductivities
over the last few years have varied between 390 and 1,400 micro-mhos.  This
big variation is sezsonal, the high conductivities corresponding with the
rainy months, when rain water run-off from sand dumps and slimes dams comes

down in flood,

Discussgion

0f the rivers discussed so far, the Blesbokspruit is the only one with
appreciable stretches of fairly unpclluted head waters fe.,. main tributary).
The mineral pollution in the mining areas from Benoni to Bethal is, however,
s0 severs that its deleterious effect is observed in the whole stretch of the
river below Benoni., The points at which pollution enters the river's
course below Bethal are separéted at five to seven mile infervals end this

helps to maintain an almost.steady degree of pollution right up to Heldelberg,

“ The flow in the Blesbokspruit is small during winter, the river is
sometines completely loat iﬁ the reeds north of Nigel, so that the accumulated
mineral pollution is very marked. Also, along the atretch of river below
Bethal, the slimes dams and mine heaps, which are the contributors to pollution,
are far removed from the river. Accumulations from them are vetained and are

swept into the river during heavy rains.

The dams in the upper river must have a beneficilal effect on flow
conditions. During mild rains the dams do not contribute to the flow in
the initial stages so that mineral pollution lower down the river is separated
from the mineral pollution in the upper reaches. This must prevent some

of the 'slugging' effect of mineral poliution discharged in one operation.
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For several miles, the Blesbokspruit passes through vlei-areas,
In any scheme to combat the pollution of the Blesbokspruit, investigastion
should be made into the possibility of utilizing the vlei's purification

capacity.

The lower Klip River and Vereeniging area

AAAAANADNAANMNAANRADNAAAARABDADNAARNANADNADNAAADNDNA DA

Gﬁap no. 4, Section AA)
General

The X1lin River at Jackson's Drift contains drainage water of a
large part of the West Rand from Johannesburg to Lewisham (see Map no. l).
This water consists of run-off and seepage water from mines, industrial
ané sewage effluents, and naturzl water from springs and unpolluted
tributaries, It had, at the +time this survey was conducted, a pH of T and
a TDS concentration of 9WOppm, which is a distinet improvement on the value
of 1,5C0pmm found a few miles upstream, Gradual improvement, due principslly
to dilution, is maintained for the next 8 to 9 miles, until just before the
confluence with the Natalspruit (see ¥ap no. 2) wien the pH was 7.9 and the
TDS concentration about 8C0Oppm,

Detailed description

The Natalspruit water, with its pH of about 8 and TDS concentration
of over 1,400ppm (see Tetailed descrivtiod, p.24) is the major source of
the pollution occurring in the Klip River which now has a dissolved solids
concentration of over 1,000ppm. In the course of the next twelve miles

this value drops to about 800ppm, again by dilution.

The next important source of contamination is the Xlip Power Station
(P®), which discharges water with & pH of 8,7, & TDS concentration of
271ppm, and an OA of 74.2ppm.  Judging by its appearance this water is

derived mainly from ash quenching and conveyor systenms,

At Vereeniging the Klip River had a pH of 7.9 and a TDS concentration

of 823ppm, but records of the Rand Water Board indicate large fluctuations

in /.....
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in guality, end average monthly conductivities of over 1,000 micro-mhos

are common during the rainy season.

4 finel source of contaminsted water must be mentioned.  Although the
volume of water is small and the chemical quality reasonable, the main
trouble here is floating mineral oil., The source is South African Parm
Implement Manufacturers, Limited (P93), who discharge waste-water containing
01l into the Klip Kiver at the bridge on the road from Vereeniging to Vazl
Dem, About one mile lower down (PH) the Klip River flows into the Vaal

River.

In the Vereeniging ares a few other sources of contamination are of
note. The first and most important discharge consists of the combined
efflvents from Stewarts and Lloyds (PQS) end the Union Steel Corporation
(P%) factories. Individual analyses of these two waters indicated pH's
of 6 and 3.8 and TDS concentrations of 1%Uppm and 779%pm respectively,
Both these waters are objectionable: that from Stewarts ard Lloyds mainly
because of floating oil, and that from Union Steel Corporation because of
both its acidity and its TDS conceuntration which is due almost entirely
to iron aulphate in soclution. The combined effluents discharge into the
Houtkopspruit, a small stream which rises north-west (P97) of Vereeniging
and flows into the Vaal River near the Riviera Hotel., On occasions
floating 0il from this stream has made swimming in the Vaal River below the

confluence most unpleasant,

The Vereeniging Power Station (P9B) is also a source of contaminabed
water, since water from ash quenching operations has direct access to the
Vaal River, A sample of this water hud a pH of 13.2 and TDS concentration
of 3,478ppm consisting mainly of ealeium sulphate.

The last important effluent in this area comes from & Union Steel
Corporation factory (P99), situated on the north bank of the Vaal River
immediately below Vereeniging., This plant discharges a steady stream of
water with a TDS concentration of about 200prm, which is not siznificant;

floating 0il, however, is the main conteminant and should he removed,

Discussion /....
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Discussion

The Klip River shows improvement in quality in its run from Jackson's
Drift to the confluence with the Natalspruit (see 'Detailed description'
P.24) &nd bas a pH of 8 and TDS of 800ppm., After the confluence with the
Natalspruit the TDS rises to 1,000ppm and twelve miles downstream decreases
to 800ppm. If the drop in TDS was brought about by dilution only, then
the contribution to the flow by springs along this length of river must at
least equal three guarters of the Natalsrtruit flow, In the absence of
gauging weirs on the streams from natural sorings, this could not be verified,
The river flows through vleis and reeds in this ares and a reasonably
accurate determination of the flow contributions of the springs would permit
ong 6 establish vhether dissolved solids were being removed along the

length of the river by these vleis.

Bxcept for the discharge occurring as a result of ash quenchiné at
‘the Vereeniging power station which is almost completely saturated with
dissolved solids, the pollution along this sitretch of river is of a different
rature from that resulting from mining operations., The main pollution is by
olly effluents which, apart from unsightliness, do not cause much demage
to the quality of the water. The discharges in this area are all
'controllable' in that they are dissipated as they are produced. In contrast
to the Accumulated Mineral Loads carried in run-off dwring the rainy seasons,
these effluents offer 2 wider scope for safe-gusrding the river beczuse

control can be exercised over manufacturing processes as well as over the

disposal of effluents,

DISCUSSION /vueen
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DISCUSSION OF THE RESULTS OF THE PRELIMINARY SURVEY

AAAAAANMANDNAAMNADNANDNDANANARNAANARAAAARMAAANRNADMAADNADNANARAAAAARNAAA

It is unfortunate that, while the rivers dealt with in this
preliminary survey of streams in the Witwatersrend area start off as crystal
clear springs, all are usually bedly contaminated within a few miles cf
their sources., A1l the rivers and streams studied in this survey pass
through extensive mining and industrial areas and the water is soon

rendered unfit for most industrial and agricultural uses,

Segpage from slimes dams and sand dumps, waste water from reduction
works, water pumped from underground workings of mines, compound waste water,
and industrial effluents constitute the main contaminants under dry weather
conditions, Sewage effluents are also encountered, but these are generslly
of far better chemical quality than the streams into which they flow,

During the rainy season additional large quantities of contaminated water
are invelved when storm-water run—off from slimes dems and sand dumps
carries with it considersble gquantities of salts in solution, together with

sand and silt in suspension,

Penetration of sand and gilt into the water courses is very far
advanced and large stretches are completely silfted up, as are many of the
damg vhich have long arrested the advance of the sand. This is a very
serious aspect of the problem, because the sand soon chokes normal aguatic
life in the natural vleis, and the self-purification effected in these

important pollution barriers is impaired.

Dilution of the contaminated river water by springs and tributaries
is again of great value, but its effects are not as noticeable on the
Blesbokspruit as they are on the Klip River, because mining activity is
encountered much further to the south in this ares and fresh contamination
keeps the dissolved solids concentration high, Only when the water reaches

the Suikerboschrand River does its quality approach a more reasonsble standard.

Industriel activity in the Verseniging area has resulted in a number
of undesirable effluents. This is to be deprecated, particularly as these
effluents are of such a nature that they could fairly readily be rendered

innocuous,
TiS /ueus.
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This preliminary mapping survey of the rivers draining southwards
from the Witwatersrand and discharging into the Vaal River above Vereeniging
has clearly indicated both the nature of the contemination encountered and
its principal sources. These gources are mainly slimes dams and sgand
dunps of active ard derelict mines, and also reduction works, while isolated

industrial concerns are responsible for discharging highly mireraligzed waters.

In view of the fact that the value of water for re-use is largely
determined by its initial total mineral-salt concentration, this contamination
from mining and industrial sources must be actively discouraged so as not
to jeopardize fubure industrial expansion along the southern Witwatersrand,
Water leaving sewage disposal works and industrial waste-treatment plants

must be of such a nature that it can readily be re-used,

CHAPTER THRER/.....
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CHAPTER THRERE

P s e - mm eE e ow.

QUANTITATIVE SURVEY OF THE KLIP RIVER AND

BOAAAANANADDNADNAAANMLAAAAADNAAAAANANLMAARAMAALAARA

THE NATALSPRUIT AND THEIR TRIBUTARIES

AAAAAAADRDARAAAAABANAMANADAAAAAAANAANADNAAAN

Uﬁap sections A, B, AA, C, D and cc)
{Tables 5 to 17 and diegrems 1 to 13)

The Klip River at Vereeniging

ARMAAAAAD AAANAABNANDNANAAAMAAANMAAMAN

(Map no. 4, sampling point AMc)

The mineral lozd data are represented graphically in Figures 2

and 24, p. 57 and some specific data are summarized in Table 26, p. 50.

Obgervations:

(a) During the dry months (May to October), average dry-flow conditions
prevail in the Klip River at this point, except that towards the end of
the dry season there is a rapid decrease in the flow with 2 corresponding

decrease in the observed total mineral losd.

(b) The dry-weather flow (May to October) consists of effluent discharges
from mines, sewage disposal plants (directly and via underground percolaﬁion),
and natural flows from springs. Run-off resulting from rainfall can be
congidered as nil, except for oub-of-season rains, Therefore, for this
period observed total mineral loads only are recorded, Some assessment of
the quantity of the dissolved mineral load which iz carried in the regular
effluent discharges reaching this point during the dry season, is obtained
by the difference between the observed total mineral load znd the natural
total dissolved mineral load. The latter figure represents the dissolved
mineral load which would be contributed Ly a natural flow equal o the
observed flow. This assumption represents approximstely the true posifion
gince 211 effluent waters (sewage and industrial) originate from either
domestic water supplizs (TDS 100 to 200ppm during dry months) or natural
underground water {for TDS see Table 4, D 7). Data on the total dissolved
mineral load carried in regular effluent discharges reaching point Addc, are

plotted in Figure 24, p. 58.

(C) The ,/laoo
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(e) The average dissolved mineral load -~ see Pigure 2(a), p. 58 -
carried in the regular effluent discharges, celculated as detziled in

(b) sbove and reaching the Klip River at Vereeniging during the dry
season, was 50 and 65 tons per 24 hours for 192 and 193 respectively.
The maximuwm and minimum loads for the corresponding period were 105 and 10

tons per 24 hours, respectively.

(a) During July 192 rain fell on the Witwatersrand; the observed
total mineral load yose sharply and exceeded the expected total mineral

load considerably. On 28th July the excess was 300 tons per 24 hourg.

This latter figure represents the accumilated mineral load, e.g. =solids
dissolved from slimes dams, sand dumps, mining areas, and solids in solution
in water released during storms from slimes dams, which reached the Vaal

River by way of the Xlip River st the fime the measurements were talken.

{e) For the whole of the rainy season the observed mineral load
exceeded the expected mineral load very materially. This observation
indicates quite clearly that, during the summer months, the flow in the
Klip River at Vereeniging carried a heavy accumulated minsral load. The
maximum recorded was 4,035 tons per 24 hours during floods, and the
minimum was 70 tons (Table 26, p, 50) towards the end of the rainy season
(April 193) when little rainfall was recorded and flows were not high,

The average accumulated dissolved mineral load was 860 tons per 24 hours.

(£) During the reiny season mineral load contributions by regular
effluent discharges can be estimated from the difference between the expected
total mineral load snd the matural mineral load. (See (b) above and refer
to éefinitions). It is & most remarkable feature that the mineral
contributions by regularieffluent discharges during the rainy season did

not fluctuate as widely as those for the dry season. The extreme limits
recorded were 50 and 82 tons per 24 hours, with an average of 60 toens per

24 hours; whereas during the dry season - see (c) above - the limits were

105 and 10 tons per 24 hours,

(g) The /......
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(g) The deta plotted in Figure 24, p.58, indicate clearly that,
during the latter helf of the dry season, the dissolved mineral load
resulting from regular effluent discharges decreased rapidly, in
consequence of which the composition of the water in the Klip River
at point AAMc approached that of a natural water, That is, the TDS

concentration in the water decreased,

Klip River - Natalspruit confluence

AAMNAAANAARAANNAARARAAANANNARMANRANAAAN

(Map no, 2, sempling points AAla, ALlb and AAle)

The mineral load data for the Klip River - Natalspruit confluence are

detailed in Pigures 3, 34, 4, 4B, 5 and 54, pp.59 to 62,

The general picture at each of the three ssmpling points is identical
with that of the Xlip River - point Af4e, Figures 2 and 24, p.57 - at
Vereeniging. The general observations made above for the Klip River at
Verseniging (p.43) are also applicable for the Natslspruit -~ Klip River

confluence. Table 27, p. 50, summarizes outstanding specific data only.
(Observations

(a) The general observations made above for the Elip River at
Vereeniging — Point Abdc - are also applicable to the Natalspruit -

Klip River confluence.

(b) The mineral load data given in Table 27, p. 50 for the Klip River
below its confluence with the Netalspruit do not revresent in detail the
sum total of the relative mineral loads of these two rivers before their

confluence, as will become evident from the following observations,

{e) Flow recordings for the three observation points Adla, AATb and

ALlc were not always made on the same day. Peak flow gaugings, for exampls
at AAle, never coincided with recordings at AAla and AAlD, Sufficient

data were available for point AAlc to indicate that actual pesk flows were

not recorded for AAla and AAlb., For example, when the maximum observed

mineral /....
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mineral load for point Adlc was recorded for the period 10 - 13 Novenmber,

1%2, no corresponding measurerenis were made for Adla and AAlb.

(a) Maximum or minimum load recordings for the Natalspruit and Xlip River
above their confluence did not always coincide. For example, the maximunm
load from regular effluent discharges was recorded for the Natalspruit -
Figure 54, p.62, ~ on 3rd July, 192, wheress the maximum for the Klip River -
Figure 44, p.61, - was reported on 6th May, 153,

(e) Dissolved mineral load contributions from the Natalspruit appear

to be less than those from areas drained by the Klip River above the point

of confluence of the two streams. It should be explained, however, that

the quantitative data for point AAlb are far too incomplete for a definite
statement of fact, For example, in the case of AAlb the average dissolved
mineral load contributed by regular effluent discharges during the dry

season of 1963 -~ Figure 54, ».62, - was reported as 17 tons, as compared

with 36 tons for 1%2; whereas the corresponding dry season figures for

both 1952 and 153 for point AAla - Figure 44, p.6l, - remained fairly constant,

Comparison of Xlip River at points 84ilc and Akdc

AAAAANMAAAARNARAANAARMAMADMAAARAAARRANMRMAAARANAAARANNAAN

{(See Maps nos, 2 and 4 respectively)

In comparing the relative mineral load data for the Xlip River at
points AAlc below its confluence with Natalspruit, and Abdc at Vereeniging,
careful note should be taken of certain factors, varticularly of data for

the raifly seasons, before drewing any conclusicns,
Cbsexvations:

(a) During the rainy season flow recordings at Vereeniging, AAde, could
not be made when the flow exceeded 230 cusecs, i.e. the maximum that could

be recorded at this particular weir., Consequently the more regular geugings
made during the rainy season at the Lime Works, Alle, were used in calculating

the mineral lcad data for point Abdc.

() During /....
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(v) During the rainy seasons TDS concentrations fluctuated very
frequently at both point AAlc and point Aldc, For many flow recordings
at point AAlec no TDS concentrations were determined; and in order to
evaluate the average mineral load data for regular effluent discharges
and accumulated mineral load reported in Teble 27, .50, TDS data were
calculated by interpolation. In consequence of this, the mineral load
date for point AAlc 2re not as relisble as those for point Alddc, for

which a very wide range of TDS date were available.

(e) During the dry season, Tlows and TDS concentrations at both

points remained fairly constant except late in the seazson when flow and

TDS decreased, and approximately natursl conditions prevailed in the Klip
River, 4 fair comperison could, therefors, be made between the relative
dry season mineral load dats for the two points. The outstanding festure
was that a considerable decrease in dissolved mineral load occurred between
Able and AMc, in spite of the fact that average flows for both points did
not differ very materially (Figure 6, p.6%), certainly not sufficiently to
explain the decrease in dissolved mineral loed contributions. No deecisgive
explanation for the decrease can be given as the scope of the survey did

not provide for the collection of sufficient data, The most obvious
explanation, however, is that a considerable volume of water is used for
irrigation from the Klip River between these two points, but natural inflows
from springs (average TDS 100ppm) compensate for flow decrease due to water
abstraction and evaporation. TUnder such conditions the relative mineral
load contributions and TDS concentrations as measured at Addc would decrease,
That is, conditions in the streams at this point tend to become natural,

Observations at point AAdc seem to support such an explanation.

Klip River above the Natalspruit confluence

DBANAAAAARMALAANABDANARMAANANAAAMAAABMARNANAAAANDAAN

(Map no. 1)

In Tables 5 to 7, {pp. 9 to 13) some data arve given in order to
present & general picture of the excess dissolved mineral loads which were
recorded at various points in the catchment area of the XKlip River above the

Natelspruit confluence, The tables also contain data for sulphates and

total /...;...
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total hardnmess: these salts predominate in waters contaminated with

dissolved mineral salts.

For this area, data concerning chemical analyses of the water at all
sempling points above Jackson's Drift are very incomplete. Consequently

the mineral load datae could be calculated for only a few points.

Observations:

(a) At Jackson's Drift (412), the mineral loads increased very
materially during the rainy season but remeined fairly constant during the

dry season, except towards the erd of October.

(p) For the reasons given above it is advisable not to venture any
comment on the waters above Jackson's Drift (sampling pointe A7, BTb, Al,
B%a, B arnd B%), though two statements msy be made: Tirst, that the waters
draining from the various mining areas carried heavy excess dissolved
mineral loads, in consequence of which the TDS of the main stresms were
far in excess of those of the inflows from natural springs and other
natural flows (Adz-'b, A4 'e, Blb, Bda, B6a, B4'h, B4i'd, Blle, Bl4b); and
second that the TDS of sewage effluent seepages (B5b, B5'b, A8, A9, A10)
into the Klipspruit were less than those of inflows from the mining sreas
(B3¢, BS%) drained by the Klipspruit, and seemed to have had a diluting
effect on these inflows (compare B3¢ and BS% with B7b).

Natalspruit before confivence with the Xlip River

ADNAAAALAAARNALAAAMANANAARNNAANMANDNADNAAANIAANAANANAAMAAAANA

(fap no, 2)

Tables 8 to 17 (pp. 15 to 33) detail some date on the outstanding
dissolved mineral constituents in the water, and on the magnitude of the
excess dissolved mineral load contributed at some of the sampling points

in the Nstalspruit catchment area.

Obgservations:

(a) Por the Rietspruit system, before confluence with the Ratalspruit

(Table 8, p.15, point Cllb), the excess mineral load is quite significant,

particularly [evens
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rarticularly-during the rainy season when accumulated salts are leached

out,

(b) The Natalspruit, before its confluence with the Elsbhurgspruit,
drains an extensive and complicated mining avea. Apparently, from the

data presented in Tables 9 te 12, pp, 17 = 23, it is essentially mine
effluents that contribute to the high TD3S of the water., Analytical data

on waters pessing peints Cla, Cle, (4a, C4e, 063, (Y% znd ClO4d indicated moinly
storm water, spring weter, surface water, sewsge effluent, some facltory
effluent, but very little, if any, mine water, The sample taken at

point C10a, on the Natalspruit, reflects the total pollutional load for

this area, as shown in Table 9, p. 17. It should be noted that on

5th November, 1%2, an observed minerzl load and zn sccumulated mineral

load of 1,570 and 1,480 tons respvectively were measured. These loads

were in excess of those recorded in the data for ssmpling peint 44Tb

(Table 27, p. 50, and Figure 5, p. 62), thus indiceting quite clearly

thet, during floods, much larger mineral losds escaped recording at sampling
points AAlc, and AMea, The same observation applies to the data recorded
on 12t October, 195%. Generally, the picture was the geame as at other

sampling points on the Klip River,

(c) Conparison of the relative data for the Elsburgspruit (Pables 13 to
17, pp. 25 to 33) and Natalspruit before their confluence indicates that

the mineral locad contribution from the Elsburgspruit was considerably less
during the period of survey. The date also indicate that, with a few
exceptions, the Elsburgspruit carried mineral salts which must have originated

from mining areas,

{a) The mineral loads reported for point AAlb (Table 27 and Figure 5)
do not necessarily represent the sum total of mineral load contributions

from points C1llb, Cl0a and D3c (Tables 8, O and 14, pp. 15, 17 end 27).

DISCUSSTION /,.vu..
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DISCUSSION OF THE RESUITS OF THE QUANTITATIVE SURVEY

AAAAANAAANAANNAAAAARDAAAAAAADAAANARAANDAARAANARAAANMAMANAAAN

OF THE KLIP RIVER SYSTEM

AARAAMAANAAAMAANRNDNANNAANMAAAN

Comparison of the Vaasl Dam discharge znd Klip River
at its confluence with the Vasl River

The TDS of the Vasl Dam discharge (Figure 1) at Engelbrechts Drift
before its confluence with the Klip end Suikerboschrand Rivers vary between
75 and 110ppm, with an average of SSppm during wet and dry seasons. This
water carried the natural mineral load of run-off flows encountered in the
area under investigation. Consequently the observed total mineral load
for the Vaal Dam flow plotted in Figure 1A also represents the natural
mineral load, In the Klip River catchment area the TDS concentration in
uneontaminated springs and run-off is of the same order {Table 4) as that
of the Vaal Dem discharge.

For purposes of comparison, the corresponding data for the Klip River
at Vereeniging are given on the same graph in Figure 14, Discussion of
a few specific examples should be sufficient o illugtrete that the mineral
load carried by the Klip River far exceeds that of the Vaal Dam discharge,
particularly during periods of rainfall in the catchment area of the Xlip

River. Thus:

(a) During the dry months the total mineral load contributed by the

Klip River'is less than that from the Vasl Dam, whereas its TDS (Figure 1,

p.56) is higher. It should be noted, however, that the hesvier load carried
by the Vaal Dam discharge in comparison with the Klip River is not in provortion
to the difference in relative flows, TFor example, on 13th October, 192,

the total mineral loads for the Vaal Dam and Xlip River were 775,000 and
50,0001b per 24 hours respectively, That is, the Vaal Dam load was about

16 times that of the Klip River, whereas its flow was more than 100 times that
of the latter. Such a discrepancy could be explained only by heavy minersl

contamination of the Klip River water.

(b) During July, 192, rain fell on the Witwatersrand and the flow in
the Klip River increased temporarily. The total mineral load of the

Klip River /......
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Xlip River immediately inc¢reased to more than twice that of the Vaal
Dam discharge, whereas the flow from the Vaal Dam was more than four

times that of the Kiip River,

(e) During the rainy season the total mineral load of the Klip River
generally exceeds that of the Vasl Dam discharge. On 15th December, 1%2,
the Klip River (in flood) discharged dissolved minersl salte at a rate of
nearly 4,500 tons per 24 hours, as compared with 150 tons from the Vaal Dam
(viz 30 times as much), whereas the flow in the Klip River was approximately
only %+ times that of the Vaal Dam. Such a general condition during the
rainy season must result in an increase in the TDI concentration in the

Vaal River water below its confluence with the Klip River.

(a) Occasionally during the rainy season, the Vaal River is in heavy
flood. During such a period, the total mineral load of the Vaal Dam
overflow exceeds that of tae Klip River. Por example, on 9th ¥arch, 1953,
the Vasl Dam overflow (8,200 cusecs) carried a total mineral load of

1,680 tons in comparison with 260 tons from the Klip River (no flood flow
recorded during 24 hour period). Comparison of the relative flows shows
that the Vaal Dam overflow was spproximately 70 times that of the Kiip
River, whereas its total mineral load contribution was only approximately

geven times s much,

Comparison of the relative mineral loads carried hy the Vaal Dam
discharge and the Klip River indicates quite clearly that the Klip River
carries dissolved mineral loads far in excess of those expected from nziural
sources, For example, during the dry sesson of 1952, the average discharge
from the Vaal Dam (99 cusecs) was 29 times that of the Klip River (34 cusecs).
But the total mineral load carried by the Vaal Dam (average 274 tons per 24
hours) was only 4.5 times that of the river (63 tons per 24 hours). See
Figure 14, p.56. '

This apparent contradiction was a2lso observed during the rainy
season, particularly during flood periods, On 16th February, 1963, for

example, both the Vaal and Kiip Rivers were in flood and although the flow

Of /.t.ifll
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of the Vasl River (7,080 cuseos) was approximately 6 times that of the

Klip River (1,2% cusecs), the total mineral load carried by the Vaal River
(1,810 tons per 24 hours) was only one half that of the Klip River (3,65C tons
per 24 hours).

The abovementioned phenomenon can be attribuited only to mineral

pollution,

Mineral poliution

A survey of natural sources indicated quite clearly that the dissolved
mineral salts from these sources could not account for the loads ohserved,
nor for the rise in TDS concentrations in the Vasl River during the rainy
season, In order to demonstrate the extent of this mineral pollution, =
guantitative survey was made of the dissolved mineral load carried by the
Klip River at Vereeniging, both before and after its confluence with the
Natalspruit. The quantifative survey was extended, in somewhat lesser detail,
to the upper reaches of the Klip River and the Fatalspruit in order to obtain
an approximate picture of the relative magnitudes and constituents of

contributions from the various areas.

The data recorded at all the main sampling points-AAde, Adle, ALlL

ard AAla - indicated iwo main types of dissolved mineral pollution,
(i) Regular mineral pollution from other than natural sources:

There was regular discharge of mineralized waters from other
than natural sources. It appeared that, in the dry season, both
the maximum and minimum daily discharges occurred with considerable
intermediate variations. At Vereeniging (Addc) the maximum and
minimum mineral Ioad contributions from regular effluent discharge
were 105 and 10 itons per 24 hours respectively. During the rainy
season ninimum and maximum mineral Joad contributions from regular

effluent discharge did not differ very materially,

(ii) Accumulated /.....
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(ii) Accumulated mineral pollution:

During the rainy season and particularly during heavy rains,
the Xlip River carried a dissolved mineral load greater than could
be accounted for by the regular effluent discharges and natural
flows, nemely springs and run-~off water., This mineral load was
due to the dissolving of mineral salts which had accumulated in the
s0il under irrigstion, in sand dumps and slimes dams in mining areas
and due to irregular discharges of large volumes of penstock waters.
This type of mineral pollution has been termed accumulated mineral
load, The magnitude of this accumulated mineral load depended
largely upon the rain that had fallen, and during floods as much
as 4,035 tons per 24 hours were measured at the Vaal River confluence
(AMdc), During the rainy season it was found to be many times
greater than the dissolved mineral load contribution from regular
effluent discharge (See Tables 26 and 27, p.50). The average and
maximam values at Afc for accumulated minerzl load were, respectively,
nearly 15 and 49 times as great as the corresponding values for

dissolved minerel load from regular effluent discharges.

The accumulated mineral load reaching the Vaal River during
the rainy season appeared to be largely responsible for the rise
in TDS of the Vaal River water after confluence with the Klip River.
The magnitude of this mineral load was of such an order that the
~vmbined diluting effects of the run-off water in the Klip River
catchment area and of the Vaal River were complefely masked, even
during heavy floods - see Figures 1 and 14, p, 56, Had no mineral

pollution been present the TDS would have been less than Oppm.

QUANTITATIVE /.....

AAMAAAMANAANA
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QUANTITATIVE SURVEY OF THE SUIKERBOSCHRAND RIVER

AAAAAAAANAAANAANAA AAAANAAANANNANAAAAARNAAAANANAAAANAADNAA

AND ITS TRIBUTARIES, THE BLESBOKSFRUIT, THE SHMALL

ANDBARAADNAMAAAABAARARANAARAANAARARAAADNAAAARMAMAMAAANANDNAAMANAAR

BLESBOKSPRUIT AND THD UPPER TRIBUTARY OF THE

AAAAAAAARMAAANAMARAALANDARARNAAAAARNANAMAANAPDARARANDNANN

BLESBCESFPRUIT

NAAAAAAAAMADAN

{(Map Sections E, F and Q)
(Tables 18 to 25 and Diagrams 14 to 21),

Suikerboschrand River at Vereeniging

AAAAAAAAAANRAABDAAABAMAAANAADMANRAAMARANN

(See Map no. 4, sempling point GlSa)

The mineral load and TDS data are represented graphically in
Pigures 7, 8 and BA, p. 63 to 65, and some specific data are summarized

in Table 28, p. 51,

Observations

(a) During the period, May to July, 192, no appreciable flow was recorded
and accordingly the mineral load contributed by this river was negligible,
Rain was recorded for the week that ended 1léth July, and as a result the

load increased the next week from 10 to 25 tons per 24 hours, After more

rain in the following week, there was a further increase to 40 tons per 24 hours.

(v) Following the rainy spell, there was a dry period lasting from
Auvgust to the beginning of October, 152, The flow stopped completely
during this period. Although it started raining in October no flow was

recorded before the middle of November,

{c) Cn 17th November, 1952, the observed mineral load exceeded the
naturel mineral load by nearly 250 tons per 24 hours. Thig figure represents
the excess mineral load, which reached a value of 2,385 tons per 24 hours

on 15th December, 1952,

(@) The average dissolved mineral load - Figure BA, p.65 -~ carried by
regular effluvent discharges reaching the Suikerboschrand at Vereeniging during
the dry season was 4.5 and 8.0 tons per 24 hours for 1952 and 1563

respectively, and the maximum and minimun loads were 18.4 and nil tons

respectively /.....
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respectively, During the rainy season the average was 10.0 tons with a

maximum and minimum of 13.5 and 5.5 tons,

(e) The observed mineral load exceeded the expected mineral load
throughout the reiny season, indicating en sccumulsted mineral load carried
by the Suikerboschrand during the normal rainy season. The maximum and
minimum accumvlated minersl loads for the wet season Yovember, 152 to April,
1953, were 2,385 and nil tons per 24 hours respectively, and the average for

this period wes 220 tons per 24 hours,

(£) Ag in the case of the Klip River - Natalspruit system, minersl
load contributions by regular effluent discharges were reflected in

two main characteristics:

(i) Towards the end of the dry season contributions

decreased to almost nil,

(i1) During the rainy season or a wet veriod (July, 1%2)

it increased snd remsined fairly constbant.

The Suikerboschrand River before

AARAAMANNAN AR ARMANANAAAANAMMAAANMAAA

confluence with Blesbokspruit

AAADMNMDADBDDNAAANADNANAANDANAANAAMAAN

(Sampling point G17b)

Although regular sampling was carried out at this point, no flow was
recorded. Approximate flows were obtained for a few selected detes from
the differences of recorded flows at Vereeniging on the Suikerboschrand
end at deidelberg on the Blesbokspruit. Calculated mineral load and

IDS data are represented graphically in Figure 9, p.66. .

Observations

(a) It will be seen that the observed mineral load never meterially
exceeded either the expected or the natural mineral load throughout the
dry seasons, The only conclusion dreawn from this fact is that, up to

this point there was no mineral pollution in the river.

(b) During /.....
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(b) During the rainy season the observod minersl load exceeded the
expected mineral load to only a limited extent. This indicated very
limited solution of accumulated salts. The accumulated mineral load
which was recorded vprobably originated from land which had received

fertilizer treatment. The maximum accumulated mineral load recorded

was 5.75 tons per 24 hours on 6th Jenuary, 193, when it rained in the area.

(e} The mineral lozd data for this point clearly illusirate the
definitiong given for expected and accumulated mineral load given in

(f) and (g), p. 11.

The Blesbokspruit (in the Heidelberg area)

AAMAAAAAANAAANAAAAAMAMBAAARADNALANNAADANANAANAAN

before the Suikerboschrand.

AAMAAADRANAAAAMAANDAAANAMANMNAAAAAN

(Sampling points Gi5b, Gl5a, Gl5¢, Gl0a and G1lb)

The analytical date for Gl5a and Gl5c are presented in Table 18,
P. 35. Gl5a is an effluent from a tanwnery in Heidelberg. It is
offensive in nature (note, OA 4 hours) and has a very high concentration
of dissolved scolids. The mineral load and TDS data for point G15b are
detailed in Figures 10 and 104, p.67. Table 29, p,51, summarigzes

outstanding specific data.

Observations

(a) Only a limited number of recordings per month were made at point
G15b end consequently the maximum and average data for the rainyseason,
as represented in Table 29, p.51, are of limited value only. In Table
28, p.51, however, more accurate assessment of the maximum mineral load
contributions arising from the Blesbokspruit catchment area iz recorded
for point Gl8a, where regular recordings were made. And it may be noted
that only limited additions of accumuiaied mineral salts were mzde between

G152 and GlBa. (See Observations, p.55).

{(b) Minimum data for the rainy sesson, recorded in Table 29, ».51,
can be teken as a true reflection of run-off conditions when flow and

TDS variations were limited, Consequently, in comparing minimum data

recorded /.....
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recorded during dry spelis in ithe rainy seasgen or poinis Fi8e and GISD
(Tables 28, 29, p.Sl) it will be noticed that material reduction in
mineral load occurred between these poinis., There appear to be two
reasons for this reduction, viz. use of the water for irrigation

purposes during dry spells, and infiltration into sub-strata.

(c) During the dry season the maximur and average mineral load
contributions recorded at point G15b (Table 29) were consistently
higher than those recorded at point G18a (Table 28, p.51). This
reduction in mineral load is also ascribed to the factors detailed
in (b) above, For the period September to November, 1%2, flow

ceased at both points Gl5b and Gi8a.

(a) Mineral load comtributions by regular effluent discharges
during the rainy season or wet period in July 192 - Figure 104,
p.67 — remained fairly constant and fairly high, whereas towards

the end of the dry season the decrease was very rapid.

(e) The exceptionally high TDS concentrations recorded here afford
ample confirmation of the high TDS data observed at point Gi8a, which is
on the Suikerboschrand River after confluence with the Blesbokspruit.

(£) Flows at points G1ib and GlOa were mainly due to matural springs

and, although mine seepage was observed, it was not revealed in the analysis,

Blegboksprulit - Vliakfontein stream at Nigel

MNARAAANDA W AAADAAAARANDNNRNANAAANAARANABLPRANADNBAN

(Sampling points GBe, (84, G5a, (4e, GO,
G2c, Glc and Fle)

Analytical data for these sampling points are presented in
Tables 19 and 20, pp. 37 to 39.

Observations

The Vlakfontein stream drains a mining area, a fact which is clearly

reflected in the minsral load data for peint G8c.

A1Y Jnaans
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Al]l the remaining points receive mine effluents which are reflected
in the total hardness and sulphate data. Similar- to points G18a and G15b,
the TD3 concentrations recorded at GY% were exceptionally high throughout

the dry and rainy seasorns.

The Small Blesbokspruit Springs area

DAAALDAADRANAANAAAAMAANDMAAAANANNANAAAANNAD

{(Sampling points F2b, F4c, and F3b)

Analytical and mineral load data for these points appear in Teble 21,

p.4l.

Table 30, p.52, presents mineral load data for the dry season at Féb,
Analytical data for the rainy season were recorded too infrequently for

gven an approximate estimate of minersl load data toc be made.

Qbservations

The general conditions prevailing in this stream are identical with
those in the Suikerboschrand at Vereeniging and the Blesbokspruit at
Heidelberg.

Sampling points Mde and F3b yielded typical examples of mining
effluents., The total dissolved solids concentration at F3b was 83,870ppm
in August, 193, and throughout the period of survey it never dropped below
26,000ppm.

The Blesbokspruit - Upper tributary confluence

ARMAAANAANNAAAANMAAAAARNAANAAAAADNNDNAAANAMRALADNAANANAA

with Blesboksprulit

ALBARAAAAMAANAAAANADKNL

(Sampling points Elic, Ellb and El0c)

Tgbhles 22 to 25, pp. 43 to 49, should be consulted in connection with
analytical data relating to this section, It will be observed that the
Blesboksvruit above the confluence with the upper tributary (Ellb) was not
flowing during dry periods. The data recorded did not indicate serious
poliution, if any. In the case of Elle, however, there are very definite
signs of pollution caused by the inflow of the upper tribuary (sampling points
F10c, E10b, ElCa, E9, ESa, E8a, ESb, B8d, E7a, ETb, E5d, ESb, E5a, E3s, E3L).

Figures 11 /.....
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Figures 11 and 12 illustrate graphically the mineral load data for points
ElQc and E9c, viz the effluents from Cowl's and Geduld Dams respectively.
These were the only two poinis in this section where regular flow recordings

could be made.

Summaries of the outstanding data are contained in Tables 31 and
32, vp. 52, 53,

Observations

(a) A%t Cowl's Dam the gauging weir was too small to record high flows
during the rainy season, and the mineral load contribution from this dam to

the Blesbokspruit could, therefore, not be calculated during flood periods,

(v) The regular mineral load leaving the Cowl's Dam is considerably
higher than that contributed by the Geduld Dam. Consequently a very heavy

mineral load is added between the Geduwld Dam and the Cowl's Dam,

{c) A1l these sampling points receive mine effluents, except Eilb,
BE3b and E3a, E10b is an effluent from S.A, Pulp and Paper Industry;
E3b is an unpolluted stream entering the Laundry Dsm at Benoni, and E3a
iz a storm water drain carrying treated sewage effluent which enters the

Laundry Dam,

(d) The general characteristics are the same as those of the Suikerbosch-
raryd at Vereeniging (GlBa).

DISCUSSION OF THE RESULTS OF THE

AAANAAMARANAAAAANANLMAANAAADNMARADNNAMAM

QUANTITATIVE SURVEY OF THE

AAAAAAARMAAAAAMANAMAALNAAMAAANAN

SUIKERBOSCHRAND RIVER SYSTEM

HAAAANAAAAANAAAAAAANAARLPRAAMNANAANAN

Comparison of the Vaal Dam discharge and

BAAAMAANABALALMAAAANMAAANAAAANAAANADNAANAANAAN

Suikerboschrand River at its confluence

AAAAADMAMANAMAAAMAANANAAAAANAAAAALNAMAANAAAAANL

with the Vaal River

AAANRAAAANAMAAANAMNMNMAA

The comparative mineral load dats are presented graphically in
Figures 7 and TA, pp. 63, 64,

Observations /v..ee.
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Observations

() The TDS of the Suikerboschrend River, like that of the Klip River,
is affected by seasonal rains., There is an immediate increase at the
begiming of the rainy season, with continual fluctuations throughout

the season. The maximum TDS during the period of the survey was 2,540ppm,
recorded in November, 192, wheress the winimum was Dppm, recorded in
Pebruary, 19$3. This latter figure, however, was recorded vwhen only the

Suikerboschrand River was in flood and the flow in the Blesbokspruit was low.

(b) Increase in flow during the wet season resulted in general increase

in the TD3 concentration, and here again the increase in the dissolved mineral
lozd was entirely out of proportion to the flow in the river, In the Vaal
River, however, the TDS concentration remained remarkably constant throughout
the sampling reriod and the increase in dissolved mineral load was in

proportion to the flow in the river - see Figure TA, p. 64.

(c) Az in the case of the Klip River, the heavier mineral load carried by
the Vaal Dam discharge, and the lesser leoad of the Sulkerboschrand River, were
not in proportion to the respective flows. This is illustrated by the

following examples:

(i} On 15th December, 1552, the Suikerboschrand River was
in flood and its flow was equal to that of the Vaal River,
Yet its observed mineral load was more than 16 times that of

the Vaal River.

(ii) On 12th Janvary, 1973, the flow of the Vaal River was
approximately three times that of the Suikerboschrand River,
yet its observed mineral load was only one fifth that of the
Suikerboschrand.,

{iii) During the dry seasgon, the observed mineral load of
the Vaal River always exceeded that of the Suikerboschrand,
but not in proportion to its different flow. On 5th May,
1952, the totsl mireral load of the Vaal River was twenty
times that of the Suikerboschrand River, yet its flow was

300 times as great.

hs /oc-o--
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Ag in the case of the Klip River, the excessive mineral lozd of

the Suikerboschrand River can only be explained by heavy mineral pollution,

Mineral poliution

Unlike the Klip River system, the Blegbokspruit and Suikerboschrand
River do not carry much natural spring water. Consequently, the effects
of mineral pollution are much more obvious, as evidenced by the exceptionzlly
high TDS concentrations during both dry and rainy seasons. Mining and
industrial effluents are discharged directly and indirectly into the
Blesbokspruit almost as far down as its confluence with the Swuikerboschrand,
and the dilution afforded by natural springs, perticwlarly during the dry
season, is negligible. The natursal flow from the Suikerboschrand exerts
a significent diluting effect only during the rainy season. The data
indicate that a substantial reduction in mineral load of the Blesbokspruit
occurs between Heidelberg amd the Suikerboschrand confluence., The use of
the Blesbokspruit for irrigation purposes is one of the main reasons for this
reduction in mineral load. It may, however, be stated here that the
prolonged use of this water for irrigation will result in irreparable

damege to the soil.

The complexity of the Blesbolspruit system and the limited technical
assistance available did not permit a sufficiently detailed recording of
mineral load data. The mineral load data presented in Pigures 74, 8 and 10,
pp. 64, 65, 67, therefore, although presenting the same general picture as
Tor the Klip River, do not reflect the trus mineral load contributions during

the rainy season. Thus, for example:

(a) On 16th and 23rd February, 193, both the Vaal and Suikerboschrand
Rivers were in flood but the Blesbokspruit carried only a small flow,
Consequently the observed mineral load for point Gl8a - Figure BA, p. 65 ~
on these dates congisted mainly of natural dissolved solids (see page 54
for Suikerboschrand River data).  The TDS concentration of the combined
flows from the Blesboksypruit and the Suikerboschrend was almost identicsl
with that of the Vaal Rivér water,

(b) On /......
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(1) On both 5th and 6th January, 1993, the Blesbokspruit at Heidelberg
carried a mineral load of 400 tons per 24 hours {Figure 10, p.67). Yet
less than 100 tons were recorded before the confluence with the Vaal River -
Figure TA, p.64. This reduction was roughly in proporiion to the decrease

in flow.

(¢)  On 25th Pebruary, 1953, the Blesbokspruit (Figure 10, p.67) carried
an observed mineral load of 606 tong per 24 hours. No corresponding
anglytical rocordings were made at ihe Vereeniging sampling point -
Figure 74, p. 64; flow recordings, however, indicated that this mineral

load sctually reached the Vaal River.

4s in the case of the Xlip River system, data for the Blesbokspruit
area indicated two main types of dissolved mineral pollution, viz regular
effluent discharge and accumulated mineral load, The characteristics ~f
these two types of pollution are gimilar to those in the Klip River system.
In comparing data for the Blesbokspruit and Suikerboschrand sampling points,
viz, G182z and G15b, with those for the ¥lip River after its confluence with
Natalspruit (see page 45 and Table 27, p.50), it appesrs at first that the

Fatalspruit system carries a much hesvier mineral load.

Thig conclusgion, however, is shown to be somewhat controversial, if
the dry season data for the Small Blesbokspruit (Table 30, p. 52) and for
the Cowl's Dam overflow (Table 31, p. 52) are carefully examined, These
two systems, apart from minor mineral effluent conitributions from the
Viskfontein stream and other sources in the Heidelberg area, drain the
bulk of their mineral load from indusirial and mining areas. By totalling
the dry season data for these two systems (Tables 30 and 31, p. 52), it
can be shown that during the dry season the Klip River - Natalsprult system
carries 50 per cent more mineral load than the Blesbokspruit -~ Suikerbosch~

rand system.

For the rainy season no conclusion could be drawn as to the relative
mineral load contributions by the Xiip River and Blesbokspruit systems,

gince fluctuations were wide and frequent and too limited a number of

samples /.....
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samples was taken for a statistical evaluation to be made. The maximum
accumulated mineral losd of 2,385 tons reportsed in Tsble 28, p. 50, was
recorded on 15th December, 1952, Subsequent to this date higher flows
were gaungeé in this system, but no samples for analysis were taken.

Consequently it is impossible to conclude that the reported figures were

the true maximam,

CELPTER FOUR/.,.
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CHAPTER FOUR

- e wm e e W —own .

THE TOTAL EFFECT OF EXCESS MINERAL LOAD CONTRIBUTIONS BY

AAAANNAANANANNAANLANANRANAARRARRAAAADNNADNNAAANARNARNANAAANAAANAANA

THE KLIP RIVER AND THE SUIKERBOSCHRAND RIVER SYSTAMS ON

DAAAAANAAAAAANANANARANNNRANANANAARNARAARARNAARAANANAANDNANNANAN

THE VAAL RIVER WATER AS SUPPLIED TC THE CONSUHMER OF THE

HAAAAANANAARAARNDNAAAAAAANANARANAARANNAARAADNAANARNARNRAANNARARANAANANAA

WITWATERSRAND

MABDNAAAANAANNN

The results of the quantitative survey indicated two main types of

unnatural mineral load contributions:

Regular minerslized effluvent digscharses; and

Accumilated mineral sslts,

The total mineral load resulting from contributions of these fwo types

constitutes the total excess mineral load discharged into the Vaal River
by the two river systems surveyed. The second Type of minergl polluticn
is the most significant quantitatively and manifests itself only during the
rainy season or other wet periods, This accumilated mineral load is many
times greater than the load carried by regular effluent discharges. The
cumulative sffect of the total excess mineral load derived from the two
sources mentioned on the guality of the Vaal River water and the water
supplied to the Witwatersrand, becomes of peramount importance, The
water is no longer of the quality required for many usages, and as a
result water conditioning systems have to be designed for industry to deal

with the big differences in quality.

The effect of total excess minerzl and

AADMAAAARNAANAAADMAANLDMANNRLDNAAANNNPNAANNALNN

hardness loads on the Vaal River water

AAAAAAAAAAAARNAAANARAAAANAANARNANARARAAAANANNAN

The total excess minersl and hardness loads discharged by the Klip
and Suikerboschrand River systems into the Vaal River are presented

graphically in Figures 13 and 14, pp. 70, Tl.

The /......



- 65 -

The data illustrates guite clearly the effect of increased run—off

water on the minersl and hardness loads carried by these two river systems:

(a) During the dry season the excess mineral load contribution is at

& minirmum since there is no run-off water to leach out accumulated mineral
galts. During this period excess mineral leoad contributions sre mainly
from regular effluent discharges and, Jjudgsd by the low TDS of the Vaal

River, the polluting effect is at s minimum,

(v)  During the rainy season both TDS and %otal hardness (r) in the
Vaal River increased very rapidly and the normal diluting effect of flood
waters wag not noticeable at all. This ummatural increase in TDS ard TH
of the Vaal River water always occurs simultaneously with the heavy
contributions of excess mineral and hardness leads from the Klip and

Suikerboschrand Rivers.

(e) It can be obgerved from Fgure 14, p. 71, that the excess hardness
load contributed by the Klip and Suikerboschrand Rivers is in direct
proportion to their excess mineral load contributions. As a result of the
very heavy excess mineral and hardness loads that thege rivers contribute
to the Vazl, this phenomenon manifests itself even in the resultant Vaal
River water, Figure 15, p. Ti, illustrates quite clearly that the incrsase
in TDS is directly proportional to the fotal hardness, This proportionality
is futher clearly illustrated by the mirror imsge relationship of Figures 18
and 19 (p., 74) for excess mineral load and total hardness. Furthermore, this
observation is compatible with current knowledge (only recently established)
of chemical and microbiological reactions which occur when pyritic material
in uvnderground workings of minss, in slimes dams and sand dumps, comes in

contact with air and the forces of nature.

The effect of total excess mineral and hardness

MNARAANRAAADNAANADDNAANANNRDNARAAALAANANAARAAAANRAMAAAANAA

loads on the water supply to the Witwatersrand

AAAAANRMARAALRANNADARAAABAAANDARRAANARAAARNANBAARAAN

In order to evaluate the relationship between the TDS and TH of the

Vaal River water after confluence with the Suikerboschrand and Klip Rivers,

and /......
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and of the purified water supplied to the Witwatersrand, tap water samples
were analysed daily during the period of the quentitative survey (pp. 43 - 67).
Pigures 16 and 17, pp. 72, T3, illustrate the relationship clearly, and show
that any changes in the TDS and TH of the Vaal River water are proportiomately

refiected in the purified water supplied to the Witwatersrand.

From the foregoing considerations it is, therefore, quite clear that
the excess mineral and hardness load contributions by the Suikerboschrand
and Klip Rivers are entirely responsible for the steep increase in the
mineral content of the Witwatersrand's water supply during the rziny geason. - These

observations are illustrated in Figures 18 and 19, p. 7.

Figures 18 and 19, p. 74, also give a guantitative assessment of the
excess mineral salts in the water supply to the Rand, which originate entirely
from the unnatural excess mineral load contributions by the Suikerboschrand

ard X1ip River systems.

The excess mineral load contributions occur mainly during the rainy
seasons when, according to the data recorded on pp. 43-63, thousands of tons

of mineral salts are leached from industrial areas.

During the dry season, when excess mineral load contributions
originate mainly from regular effluent discharges, the water supplied %o
the Rand is at its best and the effect of these excess mineral salt contribu~

tions is hardly noticeable.

The effect of excess mineral salts on water

AAAAAAADNAAANAAAANNAAAARAAANNNARAAAAAANMANAANAAN

uses in the Witwatersrand

AABMANARARMAAANNAMDNAAAAANAAMNRA

For purposes of evaluating the effect of mineral salt pollution on
the Witwatersrand water supply, the uses of water on the Rand can be classified

into two main categories:
Domestic use

The effect of the quality of the water on its use for domestic

purposes can be assessed on the basig of the excess harduess carried by the

water /....
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water (Pigures 18 and 19, p.74) as well as by increased dosage of chemicals

required for water purification.

(a) Table 33, p. 53, was compiled from records of the Rand Water Board
and illustrates very approximately the relationship between TDS and
aluminium sulphate dosage. Lime dosage and recarbonation data have nof

been analysed since very little significant variation has occurred.

In compiling Table 33, p. 33, the exceptionally high aluminivm
sulphate dosages recorded during the pericd 17th to 28th December, 1952,
were ignored; they are recorded in Table 34, p. 54. During December,
1552, high minersl load contributions were recorded as a result of heavy
rains, The guality of the Vazl River water changed considerably and
there is no doubt that the high sluminium sulphate dosages were nscessitated
by this change,. The TDS concentrations reported in this Pable were
determined on gpot samples, It is known that very wide fluctuations may

occur bhetween consecutive determinations.

) ~ The inerease in soap consumption csused by an increase in total
hardness of water is detailed in Figure 20, p.75, which was prepared from
data published in 'Water treatment for Industrial and other Uses'® by

Bskel Nordell”, p. 52.

(c) According to the records of the survey, the average total hardness
of the Vaal River water before contamination with excess mineral salts is
between 30 and 50ppm, and during the dry season when these effects are at
a minimum the average total hardness of the Witwatersrand water supply is
aporoximately 7Oppm (Figures 18 and 19, p. 74). If this latter amount is
accepted as a normal limit (i.e. including the swall effects of regular
effluent discharges) the increase in the daily soap consumption by an
increase in the T of the Rand's water supply, could be determined from

Figure 20, p. 75.

(d) On the Witwatersrand the average water consumption is 70 g=llons ter
head per day (White and non-White population). It is generally accepted
that of this one gallon of water per head per day reacts with soap.

Therefore /.....
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Therefore, L/7O of the daily supply of Vaal River water to the Rand

reacts with soap, nemely approximately 1.5 million gallons. Figure 21,

D. 75, was prepared from these data and serves to show the costs resulting
from the increase in daily soap comsuvmption caused by the wmatural increase
in the TH of the water supply to the Rand. It is quite likely that this
ineresge in hardness will encourage the domestic consumer to use synthetic
detergents. Experience has shown that where softened water is supplied to

a community, soap is used in prefer:nce to synthetic detergents,

(e} The rise in the TH during the rainy season results in an increase
in the scale-forming properties of the water. It is logical to expect
undue scaling of household hot water systems during such periods,
Unfortunately, no statistics have been compiled on which to base estimates
of the daily costs which the population of the Rend has to face for repairs

and damages to hot water systems resulting from increased scaling.

Irdustrial use

The varied irdustrial activity on the Rand requires, in addition %o
the data .¢ollected up to the present, somewhat more specific information for
an evaluation of the costs to industry caused by the sudden and material
changes in water guality during the rainy secason. It is, however, possible
to make a few observations on the effects of these changes in water quality

on equipment and pre-treatment costs generally.
(a) Cost and other implications due to an increase in total hardness

The formation of scale in boilers and cooling water systems glves
rise to heavy treatment and supsrvision costs, damage to equipmeni and loss
of power, The hardness of the water supply to the Rand increases very
materially during the rainy season as will be seen from Figures 13 to 19,
pp. 70 to 74; the most alarming feature of this change is its unpredictable
suddenness and magnitude. Consequently industry has to face, in addition to
high treatment costs, heavy investments in elaborate and flexible plant,

the maintenance of which also invelves heavy expenditure.

(v) Technical /....
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(b) Technical implicetions due to an ingresge in TDS concentration

Quite apart from hardness, the TDS concentration in the water supply
of the Rand, with all its unpredictable characteristics, constitutes a
constant source of worry and exvenditure. This is because steam and
power-generating plants, and cooling and evaperator installations require
water with a constant TDS. Where an increasse in TDS necessitates blow-
down or bleed-off operations, a low dissolved mineral content is of primary
importance. Blow-down and bleed-off cperations neceassitate the provision
of make-up water with its concomitant treatment costs and problems, and

als0 result in unavoidable loss of valuable heat,

(e} Secordary treatment by certain indusiries is
necessitated to acquire water conforming to
their own syecific requirements

Many other types of industries such as textile factories, canneries,
mineral water factories, ice factories and process industries require water
of specific quality and esch industry has to treat the water to make this
conform to its own specific requiremenﬁs. The TDS and TH in the water
supply are determining factors in the treatment costs. A few specific
examples are quoted to show the extent to yhich the concentration of dissolved

mineral matter in water affects costs of water treatment and make~up water.

(1) Cooling water blow-~down:

A cooling-water plant with a designed circulation capacity
of 156,000 gallons per minute and with a continuous automatic
blow-down, at a TDS of 1,200ppm, may require the quantities
of meke~up water for different TD3 concentrations in the raw

water intake that are presented in Table 35, p.54.

In the absence of pollution by ezcess mineral load contributions
the TDS of the water supply to the Rand should not exceed 150ppm.
Therefore, any increese in costs, for operating cooling-water systems
necessitated by an increase in the TDS of intake water beyond 150ppm,
must be regarded as the result of mineral pollntion of the Suikerbosch~
rand and Klip Rivers.

(ii) Boiler /e.vs..
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(i) Boiler blow—down (Eypothetical illustration):

A boiler producing steam at a rate of 106lb per hour
at 400 to 5001b per squave inch, with 70% make-up water and a
continuous blow~down at a TDS of 2,000ppm, would require the
rates of blow-down for diffefent TDS concentrations in the

nmalte-up water as listed in Table 36, 1.55.

As in the case of cooling-water blow-down, =ny
increase in costs necessiteated by an increase in the TDS and
TH of the make~up water beyond 150 and T7Oppm respectively,

mist be attributed to mineral pollutior.

{(iii) Ton exchange yrocesses:

Teble 37, p.55 illustrates the type of relationship
between TDS concentration of a water supply, and costs of
chemicals and depreciation of ion-exchange materials, in a

complete demineralization plant.

In the case of ordinary base-eXxchange processes using
sodium chloride for regeneration, Table 38 gives an example of
the type of relationship between the TH of the water and the

costs of chemicals and deprecisztion of base-exchange material.

Observations and discussion of the effects of pollution

The results of the present survey indicate quite conclusively the
effects of the mineral pollution of the Vaal River on the quality of the
water supplied to the Rand.

The outstarding features of this present eveluation of the effects
of mineral pollution of the Suikerboschrand and Klip River systems on the
Vaal River water and the Witwatersrand water supply, can be summarized as

follows:

(a) During the rainy season, the mineral composition of the water

supplied to consumers and industries is subject fto alamming and unpredictable

fluctuations /.....



- 71 -

fluctuations, This variablse mture of the Rand water supply is imposing

a gerious burden on industry.

(b) Quite apart from the sudden and wide variztion which occurs, the
magnitude of the total hardness and the total dissolved solids of the Rand's
water supply must contribute materially towards increasing running costs

within industry.

(c) There is no doubt that domcotic consumers, as a whole, have to

face certain costs as a resuvit of mineral pollution, Increased
consumption of detergents and clearnsing materials, increased depreciation

of clothing dus to washing in hard water, and repairs to domestic equipment
due to scale formation cannot be regarded as insignificant when one takes
the whole population into comsideration. The details for soap consumption

given in Figures 20 &nd 21, p. 75, illustrate this guite clearly,

(aj The effects of mineral pollution are confined mainly %o the rainy
seagon when the accumulated mineral salts are leached from industrial areas.
A most outstanding finding of this survey is that the effects of accumulated
mineral loed contributions to the Vaal River are of alarming magnitude,

many times those of regular effluent discharges,

(e} The effect on the Vazl River water of mineral salt contributions
from regular effluent discharges is exceedingly small and insignificant

when compared with thet resuiting from accumulated mineral load contributions.

(£) The results of the whole survey, and the present evaluation of the
relative effects of different mineral contributions to the Rand's water

supply, indicate quite conclusively thet regular effluent discharges

present & mere facet of the problem of mineral pollution arising from
industrial activity within the catchment areas of the Suikerboschrand and

¥lip Rivers. In fact it is an insignificant part of the whole problem

of the accumilation in mining aress of mineral salts (acid and ferrous

sulphate included ). Any future investigations into mineral pollution of

the Vaasl River by the Klip and Suikerboschrand streams must be directed towards

towards finding a solution to the problem, or practical means of mindimizing

the /oo-.o
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the access of these salts to the streams.

(g) The need for investigation, and the extent to which the vroblem
of mineral poliution should be investigated, sre determined by four main

factors:

(i) the total costs which the domestic consumer and

industry have to pay anmually for mineral pollubtion;

(i1} +he limitation which mineral pollution imposes
on the exploitation of the Vaal River, particularly as

regards re-use of water;

(iii) evaluation of codes of practice for the management
of the release of high accumulated mineral loads during

rainy periods; and

{iv) the implementation of codes of management of effluents
on mining property, of codes of construction of slimes dams
and of codes of closure of mines, with due regard to the
factors which are responsible for the oxidation of pyritic

material.

In this connexion it should be noted that the present
magnitude of pollubion from mines is not so much attributable
to a general sloveniiness in regard %o effluent management,
as to the lack of exact quantitative informeftion with respect
to the role of slimes dams, sand dumps and of the oxidation
of pyritic material, This data is now available and the
core of the problem has been identified, consequently mining

industry could be assured of {the success of corrective measures,

CONCLUSIONS/....
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CONCLUSIONS

Gen?ral

The results of the survey show that both the Klip River and the
Suikerboschrand River systems are polluted, The principle pollutants
are mineral snd acid accretions from various sources together with sand
which accumulates on the river beds., The mineral pollution loads carried by
these streams, have a marked effect on the guality of the Vaal River,

particularly during the rainy season.

?ou{ces of Pollution

The worst pollutants are derived from the ercsion of slimes dams
arnd duvmps and the oxidation of pyritic material: to sulphuric acid and iron
sulphate with the corcomitant leaching of salts from mineral material.
This chemicel peoliution is aggravated by the accumulation of mineral salts
which de not reach the streams in the dry seagson but are washed inteo the
river during the rainy season, so that gquite contrary to expectations, the
effects of pollution on the river are much more pronounced in the rainy
than in the dry season. Another major source of mineralization of streams
during the rainy season is the irregular discharge of large volumes of
penstock water from slimes dams, Briefly the worst pollution effects
are due to run-off waters carrying sccumulated mineral salts into streams

during the rainy season,

The effects of regular effluent discharges (zee rage 11) as reflected
by data of the dry seasons, are of secondary importance as far as the quality
of the Vazl River is concerned., During the dry season, the dilution capacity
of natural flows, purified sewage effluent and of certain industrial effluents
are quite adequate to maintain the mineral quality of the water in the Klip
River, the Blesbokspruit snd the Suikerboschrand River (after conflue?ce Wigh
2,7,9

the Blesbokspruit) at the acceptable levels for & second grade water.

Industrial /......
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Industrial effluents from 2 variety of sources other than mining
property, enter these streams and pollute them. Agricultural pollution

also occurs to an appreciable extent,

River Recuperation

AAAAAAAAAAAAAAAAAN

The recuperative powers of a river are highly dependent on the fauna
and flora in the river water and the henthic crganisms in che mud deposits.
Under favourable conditions, this biological life can effect purification
of organic pollution to 2 marked extent. Destruction of these organisms

reduces the self-cleansing capacity of a river,

Long stretches of river bed have bheen obzerved in which biologiceal
life was completely absent because it had been smothered by mine samd or
exterminated by highly concentrated mineral and acid 'slugs' pessing down

the river,

The problem

AANAAAAANANAA

The main pollution problem arises when erosion from siimes dams, sand

dvmps end mineral and acid accretions mentioned previously, enter

the streams, Not only do they destroy the organisms which bring about
natural biological purification of the organic pollutants but they also
impair water quality. To overcome this second problem the pollutional

load must be removed or prevented from entering the river, or it must be
controlled so that it enters the river at such times when the deleterious
effects are minimal, To implewent such control would require large capital
expenditure and engineering skill., The problem would be less complex if

the main pollution occurred at times of low flow since storege and controlled

discharge would balance 'shock' discharges of pollutants into the streams.

The analyses of water supplied to consumers c¢learly reflects the
necesgity for special purification treatment, comsequently the high costs

which will be incurred in protecting the quality of the water supplied to

domestic /......
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domestic and industriel users, warrant early planning of remedial measures.
Coupled with the fact that the Vaal River's ultimate capacity will be
reached within the next 30 years, the problem becomes quite urgent since
mineral pollution has a deleterious effect on the value of water for re-use,
a factor which could have a limiting effect on the exploitation of the full
capacity of the water rescurces of the Vaal River for industrial, domestic

and sgricultural purposes.

RECOMMENDATIONS /veuu..
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RECOMMENDATIONS

- e MMy Am e M A e R e me A me

It was not within the scope of this survey to examine the possible
golution to the problems outlined above, This would require research and
fact finding of a different nature, probably in the fields of civil

engineering, mine menagement and legal administration,

The problem has‘been formulated, however, and it is suggested that

the following avenues should be explored further:
(a) Continued survey work

The survey needs to be reinforced by further sampling to reveal
specific tendencies with respect to flows carrying heavy mineral loads.
Some sampling was done at certain key points after the completion of this
survey and valuable resulits were obtained which are to be used in plamming
& pollution abatement programme., The need for continuing such sampling

is stressed here,

(b) Control of pollution at the source

It would be appropriate if a thorough investigation were made into
the conditions in mines and industries where the mineral pollution, especially
the accumulated mineral salts and sand from mine dumps which are washed into
watercourses by rain, originates. Such an investigation could best be
carried out bj the pollubters themselves and any remedial measures necessary
applied by them. A code of practice imvolving special techniques for the
abztement of pollution, edministered by a central controiling body, could

seyrve as a major step towards improving the quality of the streanms,

(c) Major supplementary measures for
the abatement of pollution

While much can be done towards keeping undesirsble effluents out
of the river by the measures suggested above, it must be reslized that the

rivers will remain polluted. The pollution will originate from sccumulated

mineral /o--uao
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mineral loads and sand from sbandoned mine dumps and mining sites
when they are washed over by storm-water and from water pumped from old

mines,

Some method must be found for dealing with the pollutants from

these sources, still present in the river.

When the graphs linking mineral l¢ed with time, are studied, a
feature which is immedlately noticeable, is that very sharp peaks occur
immediately after rainfalls, Thig would suggest that although heavy
mineral loads are carried down the river immedisteldy after rainfall, this

only happens for periods of short durstion.

The walve of storage dams for holding back these shock admissions
of pollution should be investigated, Tt seems that dams of large camacity
are unnecessary since only peak-flows of run—off should be considered,

The following benefits which would accrue from such storage dams could well

Justify their construction economically:-

(i) 'Balancing' dams in the tributaries draining into the

Veal would hold & good second-grade gquality water suitzble

for many industrisl uses. There would be a better utilization

of water because of the improved qualiiy of water in the river systems
and in the Vasl River. Industry and agriculture would both

benefit by this diversion of second—grade waters,

(ii) The disposal of effluent into streams and drains above
the dams could be sllowed greater latifude than is otherwise
poasible,  The whole aspect of pollution control would be

placed on an orgenized basis.

(iii) These dems would be available as recreation centres for
varied types of water sport. Thepeare in fact 2 number of
thriving recreational areas in these river catchments and

these could be exploited to the benefit of the community.

(iv) The /ueuvun..
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{iv) The whole Bast and West Rend is known to have subterrancan
dolomitic compartments of almost limitless capacity, suitable Ffor
storing water. Thig nztionsl ssset, which would be of great
value in times of war, must sooner or later be used as an

immense evaporation-free storsge reservoir, The acid-laden

and mineraligzed waters originating in mining areas on the
Witwatersrand must be prevented from penetrating these dolomitic
compartments, otherwise they will be rendered useless for the
aforementioned purpose. The bhelancing dems would serve
admirably to ensure that only good quslity water reached the

dolomitic compartments.

(v) In cases of emergency (Quring war, for exemple) a whole
series of small dems from which emergency supplies could bhe

drawn, would be available.

(vi}) The costs of the secondary purification of water to suit

specific reaquirements ¢f industry would be considersbly reduced,
(d) Research

The problem of the oxidation of nyritic material with the concomitant
production of waters carrying, in accordance with envirommental circumstances,
high concentrations of iron sulphaite, sulphuric acid, sulphaites of celcium
and magnesium, will always be present. The uliimate eliminaticn of
pollution could only flow from resulis of research on these problenms,

Research into four main directions seems necessary:-

(i) deselination aimed at removal of sulphates from

concentrated efflusnts;

(ii) elimination of air penetration into slimes dems by e.g.
egtablishment of wvegetation, c¢lay walling, and reducing moisture

content;

(iii) inhibition of sulphur oxidizing organisms, e.g. in copper mines,
vhere pyritic material als¢o occurs, this oxidation process is

at & minimum or absent; and

(iv) recovery of pyritic maberdial,

CO~-WORKERS /.....
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SECTICHS A AHD B,

TAMLE 1, CENICAL ANALYSES PICURSS OF U5 WATERS OF THE UPPER KLTP RIVER iND KIIPSPRUT? - SECTIONS A £HD B
Total Total
Suo— . Chlo— | Sul- Ak~
22:2?: diz- pended Na.x‘md Hard- rddes | phates| 4 Hr. 0/4| linity Rearks
Ho. Saaple Flow # {micro- golved solids ‘End‘;s ?uus as C1'| as= 30‘:‘ {pou} (P}!ﬂ}
zhog) z;;:f;s (pp) | “FF° ci«z:%}) (ppo} | (pp=) CaCOs)
Sanplods  5,2,1951
4 inj Run—off from stone |Trickle| 7.0 116 1046 92.0 5.0 1028 46.0 545 8,0 -
crusher
A1 | 200 yas velow o1d  |Veax | 31| 3636 | 4E0 | 23.0| 135 | 696 | - | 3420 [ B3O -
dam wall
A Sa| ¥lip river before Steady 3.2 1042 527 Prace| 52,0 162 14,0 354 3.0 -
cenfluence with
Roodepoort sirear| " ;
455 Rnodepooﬂ stresn |Strong | 4.8 1613 | 1470 | 142 | 610} 696 | 42.0] 1005 [ 220 ~ | *Organic
before confluenca pollution
with Klip river
4 Sc | Bolow cunrsuoncu of iStrong 4.5 1563 1369 121 50,0 665 38,0 980 18,0 -
A5n and ASb
A 4a| Stroam fros Roodo- |Steady | 4.2 357 261 114 | 24.0 124 | 14,0 150 12,0 -
poort dama
A 4b | Stream from Roode- |{Stesdy { 4.6} 2500 246C 104 [ 126.0 | 1362 | 58,0 | 1700 24,0 -
ort Dae
A 4¢ Belpgw conflllzance of |Strong 4,3 2145 2037 140 | 114.0 1080 42,0 1590 20.0 -
Ade and adb
4 4o | Sowsge * affluent Steady | T.2 905 453 504 8.0 170 6B, 0 jlul 65.0 - *3eptic
into cozbined sewags
Reodepcort stroam
#5'b | Stroam H,of Doowne |Steady | 8.5 204 139 a 3.0 §% | Trace| Trace Nil -
kop entering Xip
river
A 6c | Klip river at Pot— [Strong 2.7 1316 1608 Prace| 23.0 510 24,0 675 2.0 -
chefatroon-
Johannesburg road
¥
Sampleds 13%,2,3951
A 4f |Below lime troat- Steady {12.7 3846 2849 1066 nil 1ma £5.0 1620 20.0 ~ )Sampled
went plant ILR. Jafter
Desap atream }heav? rain
Jon pree
A 4g |Imzmediztely above Steady 4.9 2410 2650 7.0 24x 1475 8%.0 2080 1z.4 - Jrious
live-treatment Yay.
plant
Saspled: 21,2.1951
Ad%a |Stream inte upper Steady 5.1 3l T Trace | 10.0 6.0 4.0 nil 0.4 10
Roodepoort dam
from eant
44'b |Stroam into upper Steady G4 T4 T7 fraca 7.0 10.6 8.0 nil 0.4 25
Roodapoort dam
fyom north
Adle (Overflow from Steady 6.9 161 135 12 12.0 3.2 12.0 nil 0.8 50
upper Roode—
poort dam
Ad'h {Stream running into | Steady 7.4 480 - - - - 44,0 - 92.0 81 K¥unicipal
lower Roode— recorda
poort dan from
oagt
Ad'd {Stream into lounr Steady 6.5 k1 65 Trace [ 13,0 5.0 4,0 nil 2.4 15
daz from north
Sawmpled: 21.2,3951
Adte |Overflow from iStrong 6.5 123 107 Trace 6.0 21,2 10.0 Trace 2.4 22.5
lower Rotde-
peort dom
Adtf [Drainnge frem mine [Trickle | 3,2 2439 2259 32 616 298 1568 | 1360 27.0 -
dump aron into
Adte
Sazeled: 27.2,1951
BiZe i{EBffluent from Blue [Steady 8.2 560 473 33 8.0 107 &8 52 0.0 76
Star duam at Antes
Bl0a {Stream flowing cast— [Stoady 4.5 455 420 Trace | 19.0 174 14 88 mil -
ward from Marnle-
burg
B 9» [Influsnt to Connda |Styong | 7.5 735 635 44 Ta0 252 ] 115 7.6 T6
dar from nerth
B 8¢ |Effluent from Cansdn Strong 4.8 1852 1248 Traca | 25.0 1038 74 107 nil -
dam
B 9b |Influent to Canoda |[Steady 5.4 1667 2004 1 66,0 818 6B 1190 5.8 -
dan frow east
B 9d |Influent to Canada |[Steady 8.5 2185 2235 - 26,0 1131 44 1094 57.6 147 |Runicipal
dem frow wast records
B &b |Btrean from Crown Steady 8.8 2103 3958 22 16,0 1622 134 1080 0.4 54
aines at Orlando
boundary
3¢ |Bffluent from Rand [Strong | 8.0 1754 2166 i 10.0 1023 74 1460 0.4 26
Leases daz

B30/ uae




TARLE 1

(iv)

Upper ¥)ip River and ¥Qipapruit Survey - Soctions 4 and B

Ho,

Sanple

Flow

Dicnic
cond,
{miero-
mhoa)

Total
dis-
solvad
solids
(ppm)

Sun-
pended
g0lids
{ppx)

Kixed
cxidas
(pmm)

Total
harde
nesa
{pp=

c\uco})

Chlo—
rides
&n Cl!
{ppe)

thates
ao SO%

(ppm)

4 8. OfA
(pr=}

linity
(pp=
Cacoz)

Ranarka

B Ja

B %

B 6a

B 7a

37T

Sampled: 27,2,195)

Streen from Durban
Roodepoort Deep
entering fand
Lsasea dam

Stream from Florida
Lake entoring
Rend Leasos dem

Kipspruit abova
strean from
Orlande dos

Strean from Orlando
dazx

Bevage irrigated
Yand drainage —
Pioville area

Hondowlands stresm
entoring Xlip-
Spruit

Efflusnt from
Moroka conimct
beds

¥lipspruit erosaing
Potchefatroom
road

Steady

Trickle

Sireng

Stoady

Btendy

Steady

Staady

Strong

9

T3

8.1

Ta7

5.9

2062

465

1785

1020

g7C

125

606

1667

250%

429

82

500

96

509

1946

sz

1z

Trace

g2

Trace

4.0

13.0

4.0

102.0

760

180

1023

94

200

1023

70

162

Trace

54

1520

49

595

570

Trace

390

515

52.0

35.0

2.4

22.4

186

116

T8

150

Manicipal
rocurds

Bl&a

B18b
Bl9b

B17a
1T
Bléb

Blsa

Bldh

T

mpied:  7,%,1951

Storm-wnter drain
from Fordsturg
area

Storm-water drain
from Markat aron

Drainage from Hobine
zon Desp wmine

Stormewater drain
from city at tar
Plant, Booysens

Storm~-water drain
from Turffontein
at tar plant

Canalired ztroaz
frow south,
approximately
300 ydx below
tar plant

Dincherge from
{rown minea -
a%ove Concordia
dnn

Stream into upper
Concordia dam
from south

Steady

Steady
Steady

Steady

Steady

Steady

Steady

Stuady

.3
3.4

6.6

4348

500
5400

15915

2941

2222

1563

7480
1014

3451

2168

1589

224

74

a1

Trace

1286

11.0

421.0

110

13.0

2125

350

1260

1150

110

0

140

2460

1510

950

110

1290.0

B3.6
85,6

T2.4

46,4

3.2

8.0

310

12

g0

54

samples
taken

e e e

Bl4a

Blis

Bi3e

A1)

AT

T

Sampled: 1951

Hain siream enter—
ing upper Con-
cordin dom

Stream ino lowar
Concordia das
from north

Effluent from
lower Concordia

Horrington aprult
leaving Qlifanis—
vlel

0ip River at
bridga — Jehanbeg-
burg-Vanderbijl
Park road

Klip rfver at
Jecksonts drift

Strong

Trickle

Strong

Trickle

Strong

Strong

7.1

4.0

2326

833

222z

970

1660

943

2613

748

2413

568

1580

901

824

Trace

280.0

12.0

3.0

1100

A47

- 1192

764

490

24

180

100

65

1690

360

1600

844

360

28.8

a1

70

57.5

Hunicipal
rocords

Municipal
racords




TABLE 2 CHEMICAL ANALYSES FIGURES OF THE WATERS OF THE WATALSPRIIT, ELSBURGSPEUIT, RIETSPRUIT FROM BRAKPAN
aamasnn AND THE MIDDLE REACHES OF THE KLIP RIVER - SECTIONS C,D, CC AND A FORTION CF Ad,
ol ol R IR ol TR NS IR PP
No, Sample o cend, solved | PeP9%% | oridon | mesa rides | prates /4 ity Rozarks
{ntero- | T | solids (ope) | (opm |22 01" Jas 807 |Pn {p
rhos} {ove) (pp) CaCO,j) {ppe} | (ppa) cacoj)
Cla | Strosm entering ¥eomer 6.8 78 210 Trace 7.0 100 26 44 1.2 &4
Pan from south
Cle | Overflov from Wommor 4.0 645 581 Trace 11,0 240 48 440 7.0 -
Pan
G2b | Run-off and anepage 4.1 13684 1262 343 46.0 650 88 880 T2 -
from diraction of
City-Doop Reduction
Worka
$2c | Coobined Cle and ¢2b 3.6 | 1667 1677 33 | 397.0 480 56 2030 1.2 -
at road bridge
G3b | Seopage from alices dap 8.3 | 2708 2674 5563 1.0 1530 126 1830 2.0 52
into Wezzmer atream
£4z | Storm water drain 4.6 1190 1151 105 2.0 BEQ 120 870 62.0 -
(Matalopruit) st
Walhuter
C5b | Btream entering Rosher— | 5.5 | 2657 3x12 146 4.0 2030 120 2080 32,0 1z
ville dam from north
C5¢ | Ovarflew {rom Rosher— 5.3 2083% 2167 Trace 18.CG 1400 Ta 1360 1.8 10
ville dam
o7 Stream froz Klipriviers- § 7.0 65 60 Trace 14,0 30 10 Trace 1.2 18
berg at road from
Rosettenville to
South Hills
Chn | Stresm from Klipriviors- | 3.7 1015 950 Trace 48.0 450 56 660 2.2 -
borg at Iurban road
Q6c | Conbined CSa and C6a Rot sampled
(Hatalspruit)
€8b | Geldentmis stroam nt 35 | 335 3620 Trace § 436.0 1680 lg4 1640 30.8 -~
Ratd Adrport road
012k |Run-off from mine 4.0 | Z48 4084 234 | 5000 3360 23c 208 32.0 -
south of Goldenhuts
G 9a |Strean from Oakdene, 7.5 143 90 Trace 32.0 g0 8 4,3 2.4 56
before entering
Hatalspruit
£10a |Xatalspruit tefore 3.8 | 8 2015 Trace | 82,0 1150 96 1440 1.8 -
confluence with
Elgburgapruit
C10b {Elsturgapruit befere 1.2 1923 1716 Trace 28,0 980 138 1110 21.6 108
canfluence with
Fatalsprult
ClCc |Betalspruit after Hot | sampled
confluence with
Elsturgspruit
D 1b |Storm woter drain eater-~ | 8.5 2632 266 A0T5 20,0 1760 104 1820 26.4 8
ing Victoria lake
{rém north—esst
D 1o [Stresm entering Victoriz 9.4 3333 4383 955 22.0 2560 114 2355 Hil 35
lokta from north-west
D lo |Overflow from Victoria 5.5 - 4141 - - - z2) - 2.8 - Germiaton
lake Hunicipal
records
D2b [Georgetown spruit in 6,5 4 401 Hil 10,0 329 304 110 2.1 100
Germiston
D 5b [Qverflow from dam in 46§ 2500 3259 86 [13t.0 1930 24 1630 5.6 -
Daimore valley
LY IO




TABLE 2 {114)

T CR el [ ER I il P 17 SO N D
Ho. Sazple LB cond. selved ponded oxides | ess rd_desl yhatc:f V4 Linity Romarks
(micro- soridg | POLids {712) (e as C1* | as S0y {or=) (pp=
zhos) {op2) (ppa) cacoa) (pp) | (ppz) caco,)
D 7a |Streas ontering Angelc 4,3 6061 13110 12850 2664 2650 56 6520 452.0 -
pan from north-weot
of Bokaburg
D Te | Stream {rom Angale pan 4,6 | 3175 4347 81 271.0 1578 &8 2900 19.3 -
entering dam 'B!
D &4 | Strean froa north 5.0 | 3030 3785 250 | 260.0 1382 192 2100 50.3 Ta5
entaring dap 'B'
" D 6f {Streaz from north of 4.3 | 3335 4480 100 73.0 2234 96 3000 1.3 [ Ry
hngolo atetien befora
dam ‘At
D fe | Stream from wost 4.7 909 1281 538 | 128.0 277 136 475 §154.8 | Hil
entering D&l
D 6a |Cverflow from dam 'A° Hot sampled
- D6h | Seopage froz dua 1B 3.5 | =030 690§ Il 125.0 1798 12 1840 6.4 1 1
D 6o {Combined BSa and D&b 4,6 ZB57 3752 47 362,0 2350 12 21e0 23.6 -
D 3o |Flaburgspruit after 4.7 2273 2729 16 108.0 2050 4] 2000 12.4 -
confluence with
Victoria lake effiuent
D 4b |Overfiow froz Cinderella [ 4.5 | 1961 2085 Trace | 69,0 1038 80 145¢ 14.8 -
dam
D10b |Effluent from Satmar. 9.4 | 1687 11 244 6.0 209 226 288 | 504.0 255
D 9a jRun—off from ERFY Yo rur~off at time of mampling
entering Satmar
efflvent
b8 |Overflow from 4.3 526 476 Trace 30,0 308 28 304 3.2 -
Beksburg loke
D12b |Rerdetult Purification 7.0 - 1020 - - - 131 - 11.% - Geruiaten
Works reepage water runieipal
records
C11b |Rietnpruit before 7.9 550 369 Traca Hil a8 26 119 2.8 210
entaring Hatalapruit
CC1 |Rietspruit helow van Tad 1613 1438 Trace Nil 627 85 B804 1.3 T8
Dyk'a mine southern
ohafit
CC2 ¢Strosn from 5,4, Lands 7.3 1425 1210 Hil i1 574 142 546 3.6 34
mine before CHL
AALD |latalapruit before B.2 1408 1476 Trace 3,0 830 a3 540 - 62.5
Kiip rivor
Ahta |Kiip river before 7.9 10850 T96 race Hil 463 90 364 1.4 |132,0
latalopruit
Ao [K1lip river aftor 8.2 1117 1i06 & 5.0 £20 az 420 - 1z22.5
confluence with
Fatalspruit

5



TABLE 3

{Sections B,7,C and A4)

Chemical analysis figures of the waters of the upper tributary of the Blesbokspruit, the 3lesbekspruit
and the Szall Bleshoksprult in the Springs aros, the Blogbekspruit in the lNigel-Heidelbsrg arca, the
Suikerboschrand river and tho Lower Kip river.

Sample

Flow

Dionic

Total
din—
solved
golids
(pr=}

Suse
perdad
solida
(ppa)

Mixed
oxides
(pr=)

Tetal
hard-
ness
(ppma
Ca003)

Chlo-
rides
as 01t
{rpa)

Sul-
rhates
ag sQv
{ppa)

4 Hr.

{ppm)

Alkow
Linity
{rm= )
CaCO
-

Rezarks

Sozvlad:

Ellb

T3
E 3a

E 3c

E 5a

E 58

E5d

ETh

E Tn

1 to Ju 1951

Blegbokspruit befors Woak

confluence with
Benoni stream

Benoni strean Steady

entering Laundry dam

Storm water drain Steady

entering Loundry dem

Bffluent from Laundry |[Steandy

dam balow
Kleinfontein mine

Benond strenm before
canfliuvence with
Rynfield loke
offuent

Rynfisld lake Yoal;

efflvant
Purrow from Hoddey-
boe mine entering
Bonond otrennm
Benonl strenm entering
Ceduld dam

Steady

Steady

Strean from Brakpan Steady

mine entering
Goduld dam

8.1

TaT

T.4

963

227
1100

2273

T&9
1653

3175

628

252

2762

650

3509
4791

Hot

118

296

Traoe

50

120
10

11

flewing

13

238

55
198

1510

1540

2640

124

A0
140

68

T2

64

64

100

46

Trace
123

1800

1260

2300

3000

13,2

5.2

9.8

|
Samppied:s Anril o Ji 1951

B &b

E 8a

E S

E 9

El0n

Ead

Elle

F 3b

Water pumped from
Prakpand{¥ake to
Goduld dam

Furrew draining from
State aminea inte
Goduld dam

Steady

Furrow from Geduld Steady

mine, Fo. T shaft
entaring Geduld dan
Goduld dem overilow
Benonl stresw
entering Cowla dom
Brokpan Sewege Worka
offluent
Bleabokoprult at
bridge on 8prings-
balmac road
Droninage from rock
dump at Springs
nines
Small Blesboksprult
before confluonce
with Ancor ¢f{luent

Strong
Skeady

Steady

Strong

Wanlk

Steady

8,0
3.1
3.2

T.2

2.8

3.8

1282
1857
3448
2273

&850
2083

17240

3448

1182

3942
2114

478
2471

56530

3439

63

Trage
51

82

Trace

Yot

i1

1z

360

64

30

az

18565

58

flowding
450

12&5

1540
a0

181

970
4360

820

134

150

68

T2
&00

200

93

450

113¢

2260
1300

9680

33000

1850

2.0

3.0
Hii
11,8

19.0

1.2

10.5

[
Sagplad:  April to July, 3051

G 2e

G 4de

G Sa

Aneor sewvage offluent | §
Bleobaksprult: after 5
conflutnce with
Small Blesbekapruit
Bleshokeprult at 8
CANSOWAY near
Earievale mine
Blesbokapruit at 5
bridge on Higole
Baifour Horth
road
Vlakfontein atream ¥
2t bridge on
Springs-liigel road
Slizea dam seepage: W
Sub-ligel mine,
Batty shaft

toady
trong

trong

trong

eak

eak

Tlakfontein stream Steady

entering dans
north of Higel

Effluent from Nigel Steady
dans

4.3

625
2000

2435

2718

2632

2667

2374

2722

422
1613

1997

2366

2270

2453

1748

2654

26
14

Trace

Trace

Trace
18

13

15

25

114

10

170
10

219

978

895

540

S00

256

206

400

13
575

795

945

905

1375

915

1230

3.6

3.6

22.4

i
50

&5

60

54

]

Ssmpied; Aerd) to July, 1951

G 9e

GlCa

G15b

517

1T

Glés

Blesbokopruit below g
Higel Sewnge Works
¥ent Spanrwater 3
stream at Rigel-
Heldelborg road

trong

tondy

Blestokapruit above Streng

tarmery in
Heidelberg

Hleabokspruit befere [
confluenge with
Suikerbogchrand
river

trang

Suikerboschrand river |Strong

before confluence
with 3lesbokspruit

Suikerbosehrand river |Strong

bafore confiuvence
with Vaal river

T4

5

T.6

7.8

T.3

2564

233

2128

1750

170

1000

2132
m

1748

1324

125

T47

10

Traca

Trace

Traee

12

14

23

27

=]

123

597

62

339

490

400

292

108

850

17

645

545

Trace

365

2.2

8.3

2.2

3.3

40

80

40

40

78

52

Aaze fuuee

Nd



(v}

TABLE 3 Apalytignl resulis
Tetal Total
— - Mca-
o Sampl - ) ﬁﬁ?i“ di;: ; ::zaed fead | harde ;c—}::z:; i:iton g/ﬁ:. Linity —
e ample ou M {micro— Zol:l:a zolids ‘E;ﬂ)s t(l:?:‘ 23 C1F | as 504 (ppa) (prm s
whoa) {e5) (prm) cacoj) (ppm) | (ppoa) cact,)
Snmpled: Aprdl to July, 1951
AA 3p [Effluent frem Klip |Steady | 8.7 375 27 6168 3 154 2z 119 | .2 100
Power Station
A4 4o |Kifp river at bridge |Streng § 7.9% 885 823 1 5 490 58 260 - 135
% on Vereeniging-
Vaal daz read
AA 4a |Effiuent from S.A4, Trigkle | 7.8 550 328 Trace | il w0y 92 66 6.5 90 { Floating
Foarm Implesent oil
Henufacturing o,
AALOb | Effluent from Steady | 6.0| 325 134 33 53 115 a2 72 4.2 26 | Floating
- Stewarts and eil
Lloyds factory
iAlOa |Effluent froz Unjon |Steady 3,0 900 kil 77 283 10 ki 485 8.5 -
Steel Corparatienb
northorn factory
A1l |Houticopapruit abave Yot flowing
factory effluenta
AAl3 |Wator from Wenk 13,2 | &oeo 3478 183 14 2487 22 | 1435 42,5 | 1950
Yerceniging Power
Station ash
dispogal plent
814 |Efftuent froc Union |Steady | 8.2[ 270 262 69 109 125 14 51 7.1 76 [ Floating
Steel Corporation’s oil
southern Tactory

HITHATERSRAND STRIAM SURVEY ~ KLIP RIVER SYSTEM

TASLE 4

Total disaolved solids concentration in
pp of unpolluted apringa and rurface
water in the Witwatersrand area

Source Porled of =
sanpling Min, [ ¥ax, | Aver.
¥anl River, below Veeldam, Jan, 1950 ] 110 95
diacharge {surface water) - Doc. 1953
Al' Xlip River souree at July 2953 7 3% 30
Lowighan {spring) ~ Jan, 15854
Ad'a Stresm entering upper Aprdl 1953 2 =3 43
Reodepoort dam frem cast {apring) ~ Jan. 1954
Blo Stream entering Hamburg Japt. 1951 17 % 44
dan froa the west (apring) - Jan, 1954
Blb Rye at Discovery (spring)} Nov. 1950 1 35 F)
« Jan. 1954
- Bba Stream {rom Headowlands Fab, 1951 81 176 115
’ {spring) —~ Sapt. 1953
B4'a Balley's stream entering Fay 1949 53 135 a4
Orlando Powor Station dam (apring) - May 3953
Ad*h Stroan into uppor Roodepoort Fab, 1951 One sample 7
P dam from the north (surface token only
wnter)
Ad'd Streen into lowor Recdepoort Feb, 1951 &5
dam from the north {surface
water)
Zuurbekon wall 1950 ~ 1953 Very constant 146
Ad'c Upper Roodepoort dam Lov. 195¢ 95 | 157 | 108
overflow (mrface water)
Ad'e Lover Roodepcort dam gverflow Hov. 1950 5% 142 102
{surfoce wator)
G7 Klipriviersberg stroan (spring) Fob, 1951 46 | 148 90
— April 19%3
€91 Dakdene ntrean {apring) Feb, 1951 66 1 189 | 123
- Cet. 1953
&17b Suikerboschrand River April 1951 60 144 113
shove BHleobolspruit ~ Dee. 1953
L
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Choagenl nnd minoral Joad data for Kiiy River at and abave
Jncltson ! ofdrift Sections A ond Bi

WITHATERSRAND ST

SUHVEY -

TAELE 5

{Read in conjunction with dlagram J.)

KLI¢ HIVER SYSTEH

Sampling . Total
and Tear g:::ilved Totn]lasa Sulphates :K:g:d axcenn ::::’:ﬁ“tad
gmging Jund oonids | es Gaco, |22 %% 3| 10nd 1n/] MROREL load n b/
point Honth in in o 24 hours load in 24 houra
numbora pra PER “ | 16/24 howre
%52
A1z Apri 820 440 292 73000 64100 nix
Hay 865 495 337 86600 G600 11
June 835 400 321 80100 70500 nil
Juky 950 580 420 97000 86800 HiY
Aug, 960 550 449 96000 86000 Hil
Sapt. 740 460 259 55000 47600 Hil
et €60 a5 210 47600 40400 1
Hov, 1420 85 186 2315000 | 2151000 2091000
Daa, &0 595 449 785000 657500 638000
1953
Jan, 940 495 477 491000 438700 372550
Fob, 740 423 222 £7700 58500 Hil
Haveh BAQ 463 420 756000 666000 599700
April 930 493 451 486000 433600 367550
Hay 820 453 362 161000 141400 B
June 860 a83 333 84200 TALO0 nit
July 900 463 350 #4300 T4900 N
hog. 10 488 b1y 72000 63100 N1
Sept, 690 480 185 58300 49800 Hil
ot 660 303 148 47600 40400 Mg
1
Al0 April | 1361 522 168 )
Sept. | 1269 534 & }
pi:i3] ’
Hay 871 342 128 )
1952 )
A3 dprit | 1220 570 175 )
Sapt, 96z 424 91 Ji  #o flow recordad
1953 3
Hay st 345 7}
952 )
A8 Aprdly 1210 550 101 )
Sept, 785 268 83 )
1955 }
Hay 557 161 16}
3952
A7 April 1605 820 452 2756500 259250
1953
Hny 1208 602 252 167500 154500
June 1320 630 T80 32000 23500
June 1330 T40 650 21350 19400
July 1463 745 590 19700 18400
Oct, 2203 995 L] - -
1954
Jen, 1383 725 785 238500 217700
Fab, 9z 422 530
1953
Juna 1457 e05 1100 )
B 208 July 1400 755 605 ) | ¥e flow recorded
1952
&b Fune 178 868 573 )
1953 )
Jung 1010 540 418 )
Jung 98 520 630 )
July 1008 565 470 )
Oet. 218 T4 33 )
2952 ]
A Sc Jon. 1937 Bad - )
1953 !
June 1198 510 1080 )
195 )
A 5b Juno 1288 1050 62)
g5 )
A 4p June 2664 1450 683 )
Sept. | 2500 1406 ™ )
2953 )
June 2140 1180 g1 )
3952 3
Adn Juna - 32 54 )
1953 ]
Tuna 342 8 - )
235 )
FELH Hay 552 36 a6z )
Sapt. | 1718 146 752 )
2953 )
Jure 401 106 WL )
Oet. 42 47 )
prird )
Adtg Moy 91 44 77 )
Sapt, 142 46 32 )| Mo flow recorded
1953 !
Tuna 53 16 13}
1953 ]
A% * 1 June 08 54 3% )
1552 )
Adto Yoy ] 38 6 )
Sept. 98 64 24 )
195% )
June 59 5% 3)
1932 )
A5 Feb, 615 00 - )
Feb., 0T 238 617 )
Hay 1649 1009 657 )
2953 )
Juna 941 360 00}
cet. [ 26270 1256 25713 )
X
FiAd TFab, 7256 1480 -
Hay 16450 723 2720 155000 154000
1
T‘E? 2314 262 945 - -
June 2349 - 1570 8350 8000
oct. | 18850 1083 695 67000 £6600
* Direet infiow Lrom wmines,
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JRSEE R

E

VITWATENSEAND STREAM SURVEY

TABIE 6

= KLTP RIVER SYSTEM

(foad in conjunction with dingrsam 2)

Cheazigal and minoral ioad dete for Kiipsneuit {Section B)

Soapling | Year Total Total. Sulphaten | Obzerwod Total excons
and and dissoived | hordnesa | in pym mineral einaral lesd
gouging { Month | solids in ppm as 50, load in in 1b/24
polnt 85 Cac0, 1b/24 houra | hours
nunboxa [
1732
8T Hay 1778 868 572 TE500 72000
Sapt. 1470 650 451 43000 39000
i3
Hay 1324 T30 620 185500 171000
Jure 1010 540 418 185000 167000
July 1514 845 590 258500 213400
Oct. 1615 70 500 150000 142000
1334
Jon 1597 850 - 352500 131500
Pl
B7a Hay 393 130 15 )
Sept. 407 118 6 )
June 429 220 47 )
952 ]
Béa |fept. % 82 - )
195% )]
June 115 % 12 )
Sapt. B4 &8 2 %
D5 | April 1110 380 159 )
Sept. 978 3% 76 )
1953 )
May 1093 427 155 )
1552 !
B5b |April 929 260 168 )
Yopt, | 1194 34 S )
Pl }
Hay 860 258 62 }
1952 J
pad fapril 03 206 85} Mo fiew recorded
¥ay 935 340 175 )
952 )
B 4% | Aprsl 109 &4 4}
Sept. 174 12 1)
1953 )
May 298 103 w0 )
1332 )
B 4ta April [:2] 46 9 )
Zapt. 63 32 2 )
1653
Yay 2 32 8 )
1952 }
B3c* |Jun - 1260 -}
Eay 2572 1340 575 }
Sept. 2305 1770 w015}
1953 !
Juna 220 1100 s }
9% )
B3 a* |Feb. 2087 1304 -
oy 24846 1320 815 )
Sapt. 2195 1200 944
1
April 2500 1520 492 TI500 74500
June 2350 1300 790 99100 95000
Juty 2073 1w 900 67800 645060
Auge 1653 950 1020 53000 48000
1952 ] :
BIu*€ |Feb. 722 436 -}
Pab, &79 508 356 )
Hay 598 348 )
Sapta 1050 568 404 )
195% ) Yo flov recorded
4pril 480 175 3% )
June 1100 470 347 )
Tuly 1155 602 550 )
953
Aaagge 308 200 145
cat. 2320 1170 1030
Dec, 2168 1240 1370
1954
Jan nis 650 20
pl-Fr
Blb Hay 24 3 5
Bept. 35 T T
195%
Jun? 24 8 4
July 17 12 -
A 28 8 6
Dac. 23 6 7
1954
Jan 35 T -
195
Bla May (11 o4 5
Sapt, 3 34 13
1953
Fuza 7% 0 1
*  Dirgct inflow from mines
I 1

11
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WITWATZRSEAND STRiAM SURVEY - KILIP RIVER SYSTEH

{Read in conjunction with diegram 3)

Chemical and mineral load data for Klipsoruit {Cont,) Section B

Sampling IYear Total Total Sulphates | Observed Total excess
and and disgolved | hardness | in ppm mineral mineral load
¢ zaugzing | Honth | polids in | in ppm as 504 load in in ib/24
point pEm as CaCO. 1b/24 hours | hours
numbers 3
952 :
- B&b* |May 2930 1680 1140 } - -
Get, 3050 1274 1075 ) No fiow zecerded
1933 g
June 2355 1257 911
Uot 2625 982 700 )
1932
BSe Jan. - 1070 -
Cet. 3091 1463 1072 16620 16000
1953
June 2119 1314 985 91200 87000
Oct, 3878 1700 587 197000 192000
1952
B 9d Jan - 980 - )
Feb, 2305 1210 1083 )
May 2385 1280 a8 )
Oct, 2276 2154 B95 } .
1953 }
June 2752 1382 97 )
Oct. 2690 900 396 )
1952
BQa¥* | Jan - 360 -
Hay 1642 857 561 Ho reliable flow records
Oet. 2425 1065 787
1953
June 1140 599 |- 380 45450 41450
Qot, 3130 1074 483 )
1952 )
Bllic | Hay 229 98 es )
Oct. 273 40 . )
1953 )
June 159 &3 51 )
w5 )
B9b Jan. - 770 - ) No flow recorded
Feb, 2007 870 1040 )
May 3163 . 1520 1250 )
Oct. 4488 1433 1650 )
1953 )
June 3480 1604 1385 }
Oct. 3114 1102 566 )
1952
B13 ¢ |May 366 1570 1230 26800 26000
Oct. 3340 1234 1422 - -
1953
June 631 1652 1445 50200 53000
1952
B 14 b |May 395 120 69 }
Oct. 369 119 54 )
1953 }
June %66 125 57 )
1952 )
Blda |Hay 3304 1430 1350 )
oct. 4126 1483 1430 )
1953 )
= June 3587 1622 1400 )
2952 )
Bl6 b |HMay 2154 578 790 )
Oct. 1665 701 624 )
1953 ) No flow recorded
b June 1553 682 575 )
1952 )
B 1S b * |May 5338 2490 2240 )
Oot. 5077 956 1870 )
195% )
June 5315 136 2240 )
Oct. 12050 2239 1670 )
*  Direct inflow from mines
! I !
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HITWATERSRAND STREAM SURVEY

~ KLIP RIVER SYSTEM

TABLE 8

L S N ]

{Bead in conjunction with diagram 4)

Analyticel and mineral lound dats for Rietspruit before
confluence with the Natelspruit {Sections € and CC

Sa:plmg Y Total Total Sulrhat Observed Total Accumilated
g ezr dissolved | hardness |, PRATes | ineral excess mineral
BRETE | fonsn |s01ids in]in pem R EER i1ced in mineral load in 1b/
iznl;gers o .| ppm as 03003 as ot 1b/24 hours | Load in 24 hours
1b/24 hours
1952
€11 b | June 321 258 49 1600 1120 wil
July 269 283 25 1200 780 Hil
1953
Jan. 492 3% 14 13000 10490 7400
Peb. 348 130000 93400 189100
April 406 293 87 5700 4500 Wil
June 450 290 125 5700 4340 Nil
Aug. 360 350 T2 7800 5400 Nil
Oot. 333 300 - 2TLO0 19000 15600
1952
o3 March 630 480 435 )
April | 1400 770 740 )
June 600 360 123 )
July 1500 912 798 )
Sept. 1000 750 493 )
Oct. 300 - . 205 )
Dec, 1150 554 563 )
1953 )
Jen, 610 608 610 )
Jan, 840 430 840 )
Jar. 790 400 399 )
March 700 220 450 )
May 600 360 304 )
June 900 570 300 )
July 830 230 493 )
Oct, T84 490 - )
Nov. 5700 - 316 )
1952 ) Yo flow recoxded
cce March | 1550 1080 633 )
April 2700 1060 1192 )
June 2400 172 1233 )
July 2500 1260 1205 )
Sept. 3500 1890 1890 )
Oet. No flow )
Dec, 1400 1200 814 )
1953 )
Jan 540 700 292 )
Jan 1190 580 637 )
Jan 1440 695 769 )
March 1300 500 459
May 1600 780 332
June 1520 804 T0
July 1400 540 680 }
Oct. 4426 2250 - )
Nov. 50C0 - 2754 )
1352
G 1 March | 1400 808 805 - - -
April | 1700 760 757 3940 3708 -
June 1300 632 652 2310 2132 -
July 1600 636 617 11190 10517 -
Sept. | 4000 600 2400 635 619 -
Oct, | 10000 - 5506 1076 1065 -
Dec, 1220 490 617 8210 7537 -
1953
Jan 1050 330 246 Over 11320 - -
Jan 500 150 115 " 5390 - -
Jan 1580 150 102 "317000 - -
March 400 60 209 2695 2122 -
Hay 700 - 243 )
June 1000 560 353 ) Gauvge ouf of order
July 640 450 370 )
Oct, 2740 1040 - 14150 13633 -
Nov. 1600 - 3976 1800 6375

15
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WITWATERSRAND STREAM SURVEY -~ KILIP RIVER SYSTEM

(Read in conjunction with diagram 5)

TABLE 9

LY

ARAAAAAN

Analytical and mineral load data for the Natalspruit before confluence
with Elsburgspruit (¢ 10 a) Section C

Year |Total Total Sulphates | Flow Obgerved Total excess | Accumulated
and disgolved | hardness | in ppm in mineral mineral load | mineral leoad
month |solids in|in ppn |[as SO} cusecs | load in in 1b/ in 1b/
ppm as CaCO3 1b/24 hours | 24 hours 24 hours
1952
April 2398 1370 1525 11 142000 136060 36000
May 2702 1380 1618 Yo record
June 2118 1530 1725 " 1
July 3500 1740 1911 10 188000 183120 Nil
Aug 3717 1870 2056 10 200000 194120 Nil
Sept 4215 2040 2298 Nil - - -
Oct No flow
Nov 2897 1760 2261 150 3140000 3059100 2960000
Dec 2313 1210 1345 111 1380000 1320100 1221000
1253
Jan 1760 890 877 17 161000 152370 Vil
Feb 1439 880 887 57 442000 411300 123000
March 2098 1140 1177 78 1250000 1207900 920000
April 1709 1010 1012 39 . 358500 337410 49500
May 2518 1470 1439 41 566000 533900 246000
June 2810 1600 1570 25 378000 364500 Nil
July 3100 1710 1757 19 327000 316480 Nil
Aug 3490 1710 1368 17.5 329000 320090 Nil
Sept 3030 1700 2139 6 977800 94560 Nil
Oct 6020 1900 3666 100 3240000 3186200 2898000
Yov 4010 2250 2509 80 1730000 1686800 1399000

17
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WITHATERSRAND STREAM SURVEY - KLIP RIVER SYSTEM

TABLE 10

AnAAAAARA

{Road in conjunction with diagram 6)

Analytical data for the Natamlspruif below Roshervilie dam before
confluence with Blsburgspruit, Section C

Sampling end Year Total Total Salphates in
. gauging poeint and dissolved hardness P as S0 4"
¥ numbers month asolids in in ppm
ppm as CaCQ
3
g5z
w C10 4 June 362 a3 4
July 406 100 1583
Oct a78 161 7
2953
Jan 932 220 190
Feb 768 35 524
June 616 160 188
Aug 474 ™ 83
1952
G9a March 66 - 12
Hay 100 40 i1
June 105 48 22
Sapt 101 - 14
1953
Jan 158 12 23
Fab 140 62 29
April 14% =3 24
May 108 ! 25
Oot 185 120 -
1952
c8s March 3538 1675 2940
April 3637 1330 2330
Hay 4497 2000 2940
Juns 4548 1925 2920
Aug 4889 17135 2960
Sept 4147 1990 2200
1953
Jan 2414 1124 1680
Yeb 2476 1150 1410
April 3002 1149 1700
May 4016 1070 2080
Aug 3451 1680 2040
Qct 30%0 1340 -
Hov 3565 - 1910
1952
Gl2n * Jan 22089 3460 -
Aprit 17601 1625 30040
May 16078 2220 16000
June 13588 1750 8200
g 13031 1810 7440
Sept 13568 2130 TE40
1953
Jan 12120 2630 8720
Fab 3066 2075 1940
April 6930 2425 4810
Hay 8674 1375 5550
Aug 5271 1920 3240
Oct 4426 1510 -
Oct 9617 940 -
Hov 8553 2150 4650
1952
Céec Feb 2641 1500 1900
- Harch 1922 1325 1290
April 21%3 1300 1245
May 2070 1400 1500
June 3050 1800 1830
: Aug 2688 1800 1760
- Sept 3103 1872 1740
1953
Jan 1760 1254 1300
Fab 1440 240 T90
Aprdl 1783 1040 1210
¥ay 2494 1030 1510
Aug 3034 1500 1875
Qet 1895 1050 -
Hov 3T64 2085 2250
* Direct inflow from mines
!
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WITWATSRSRAND STHEAM SURVEY - KLIP RIVER SYSTEH

TABLE 11

(Rond in conjunction with disgram 7}

Analytfcst and minoral lead data for ihe Wollwier and Neorthem
streans entoring Rogherville Mam and the Kiprivierstergfdtroan

ento, Hatalopruit, Section C©
Seapling | Year Total Total Sulphates | Cbaorved Tetal axceop
and and diasolved | herdnesa | in ppm minersl l¢ad | adnera) load
gauging [wonth | nolida dn | 40 pm | &s in Inf24 in 1b/24
point Pra BgG Cacoa k) N houra hourn
nucbera
1952
C6a My 939 490 580 )
Juna 932 430 580 )
ug. 1079 503 504 )
Sapt. 1154 550 620 )
1453 )]
Jex 856 5 400 } Ho flow Ttocorded
Feb. 842 400 4085 }
April 1061 450 630 }
Fay ;8 450 555 )
Avg, 844 440 480 )
Oct., 1329 600 - )
Hov. 344 183 156 )
1952
CSa ¥arehn 2279 1485 1420 27200 15447
Hny 2758 2030 2240 8910 8587
Juns 3050 1510 1960 69800 67540
dng T4 1912 1550 51250 49635
Sept 33 2085 1920 25550 24797
1953
Jan 1700 1030 1290 159300 187600
Fob 1554 1020 1010 G0500 84800
April 1760 n 1260 142000 133930
Hay 2596 9EO 1435 147000 141350
Aug 3382 2% 2150 25450 124697
[ 2704 1470 - 20350 19597
[ 5 260 - 5690 4937
Hay 3904 pak) 2300 88200 85940
igs2
5L ¥arch 2384 1450 1470 )
April 2364 1410 1470 )
¥ny 2062 1500 1460 )
June 2851 1750 1670 )
Aug 1365 125 0 }
pisd
Jan 798 395 %
Fab ke 370 463
April 965 500 454 }
Hay 1452 7o £5
g Re flow
Gat. 1967 655 - ) Ho fiow recorded
Hav, 516 1150 1445 )
1952 )
x Céc April 945 530 )
Hay 910 540 - )
Juna 1066 520 555 )
dug 1151 562 500 )
Sapt 1532 35 835 )
1953 . !
Jan 1028 450 473 )
Fub 6556 300 360 )
April 803 me 590 }
Hay 1200 820 800 )
1932 )
*C40b | Aprdd 5182 2810 3300 )
June 5268 2800 3440 )
hug 5491 2600 3740 )
Sept 5148 2450 3540 )
1953 3
Jan 5918 2830 4300 )
Fab 5458 @925 2840 )
dpril | 6055 1575 4700 )
June 6476 2140 4350 )
Oct 496 2020 - )
2352 )
¢4 a | Harch 1056 440 580 }
April 157 80 5 )
¥ny 173 470 60 )
June 1364 500 565 )
g 1243 468 405 )
Sept 500 250 215 )
1053 )
Jan 1804 498 1005 )
Fob 692 265 0o 3
Aprii - 302 - )
Yay 2200 560 630 )
hug 975 480 330 )
Ozt o4 50 - )
ot 295 58 -
Hov 1759 395 951 )
* Direct inflov from mines
X Sswoge effluent
] [

21
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WITWATERSRAND STREAM SURVEY - KLIP RIVER SYSTEH

TABLE 12

AnAAAAARA

{Rezd in conjunction with diagram 8)

Analytical and mineral load data for Southern stresm entering
Rosherville dar, Section €

Sampling Year Total Total Sulphates | Observed Tatal excens
and gauging | and digsolved | hardness | in ppm mineral mineral load
point month | solids in | in ppa a3, lond in in 1p/24
numbers ppe as Ca003 50, 1b/24 hours | hours
i 1952
C3e April 5581 1020 3320 140000 157500
Hay %802 . 1550 3540 250000 24569
June 3786 1520 2360 16300 15689
. Aug 4514 1850 2220 147200 143940
Sept |52 1730 2350 49400 67500
1953
Jan 1568 §06 1050 51106 47840
April 1838 885 1460 59900 36640
| June 1918 880 1200 21200 20090
Oet 2584 1220 - - -
Nov 2249 1280 - 24500 23390
1952
3D March 3698 915 2460 )
April 3274 1360 2070 )
Moy 3230 1690 1980 )
June 2557 1299 1400 )
hug 2104 150 1000 )
Sept | 2188 1040 1376 )
1933 )
Fan 2216 1240 1350 )
Feb 2210 1070 160 )1,
April'| 2181 1200 1295 )
June 2090 1020 1240 )
Aug 2153 1040 1230 )
Ot 2344 1080 - )
Hov 2268 1190 - )
1952 )
* g2 e Jar. 3107 958 - )
Harch 5474 1100 3450 ) No flow recorded
April 1413 175 830 )
Hay 12110 2400 aass )
June 10254 1220 5840 )
Aug G504 1980 3200 )
Sept 706 1755 4880 3
2953 . )
Jan 1540 472 1220 )
Faob 1444 230 760 )
April 2136 920 1480 )
Juna 5206 500 2550 )
g 10569 &0 7000 )
Oct Ti86 80 - 3
Oct 7534 1576 - )
1952
*ga2p Jan 1498 572 - )
Harch 2401 1477 1450 )
Hay 1715 BAG 1190 )
June 2046 640 1200 )
Aug 2541 1470 1215 )
Sept 2013 1057 1265 )
1953 )
Feb 1174 635 © 695 )
ipril 1559 1270 925 )
Hay 2013 T30 1220 )
g 2184 1330 1450 )
Oct 4588 1250 - )
im2 )
. Cle Earch 661 402 435 )
June 930 427 522 )
1933 )
Jan 673 360 334 )
Feb 604 278 328 )
- April 618 272 352 )
Hay 790 287 496 )
Aug ¥o flow )
Oct No flow ) fto flow recorded
1952 )
tla March 277 153 @ )
¥ay 220 g7 18 )
June 274 95 5 )
hug 297 194 )
Sept 174 50 4 )
1933 }
Jan 364 198 % )| ¢
Feb 2&2 118 36 )
April 201 124 10
Hay 130 108 38 )
et 257 135 -
¥ Direct inflow from minea
| I




24

from ELSBURG

Seepage from sewage

effluent. fo BRAKPAN

Vi
Y,

#  _.=—1to DURBAN
///?(’

T

ALBER (S5ee TABLE 9 )
L NATALSPRUIT

N
=
C10d = ROAD TO

NATALSPRUIT SEWAGE WORKS.
FUCH'S FACTORY

DIAGRAM 9




HITWATERSRAND STREAM SURVEY

KLIP RIVER SYSTEM

TABLE 13

AARAAALAA

(Read in conjunction with diagram 9}

Analytical end mineral load data for the Elsburgspruit before
and after the Hatalspruit confluence (Sectiomns € and D)

Sampling Year Total Total Sulphates | Observed Total excess
and gauging and dissolved | hardness | in ppm, minersl load | mineral load
point month | solids in| in ppm as 50, in 1»/24 in 1b/24
numbers prm as C&CO3 hours hours
1952
€10c Aprdl 2263 1390 1338 )
May 2258 1200 1302 )
June 2470 1270 1295 )
July 2470 1240 1229 )
g 2377 1360 1514 )
Sept 1870 w70 " 595 )
Oct 1746 1020 973 }
Tov 1513 910 800 )
Dec 1919 1010 862 )
1953 ) No flow recorded
Jan 1590 870 1008 )
Feb 1202 800 693 )
Hazch 1786 940 &9 )
April 1476 970 797 )
¥ay 1678 1200 848 )
Juns 1890 1930 g72 )
July 1810 1100 1048 )
aug 1530 930 773 )
Sept 1609 950 857 )
Cct ¥ot sampled )
¥ov 1843 1210 11093 )
1952 )
Cl0b April 2756 1610 1552 )
May 3002 1540 1742 )
June 2612 1270 1353 )
July 2420 1210 1163 )
Aug 2487 1230 1244 )
Sept 2424 1320 1207 ) Gauge resdings
Oct 2909 1530 1502 ) incorrect
Hov 3380 1760 1858 )
Dec 1707 800 634 )
1053 )
Jan 1970 570 926 )
Peb 1649 930 739 )
March 1752 940 861 )
April 1376 890 667 421000 350400
May 1672 1210 a3 526000 494600
June 1820 1430 901 251500 218800
July 1620 1010 895 95800 89870
Aug 1850 1200 722 169700 160700
Sept 170 1010 625 57100 53760
Oct 2010 1100 1103 - -
Nov 1740 1200 1064 32700 30815
1952
*D12b April 1016 560 453 )
ey 867 470 292 )
June 905 420 290 )
July B75 410 268 )
Aug 1124 530 313 )
Oct 1190 530 396 )
Hov 909 440 285 }
Dec 834 500 258 )
1953 )
Jan 915 550 247 )
Feb 842 520 200 ) ¥o flow recorded
March 876 540 227 )
April 795 420 23| )
May 926 50 346 )
June 970 - 282 )
July 870 540 395 )
Ang 1700 456 415 )
Sept 1030 450 310 )
Oct 950 390 532 )
Nov 1010 550 367 )
* BSeerage Ifrom Ronldebult sewage works
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WITWATERSRAND STREAM SURVEY

KLIP RIVER SYSTEM

TABLE 14

ARAAAAAAN

(Read in conjunction with diagram 10)

Analytical end minersl load dats for the Elsburgspruit

at Elsbure Bridee (D 3 ¢} Section D

Sampling |Year { Total Total Sulphates { Observed Total Accumulated

and and dissolved | hardness {in ppm mineral excess mineral

gauging |Month | solids in |din ppm as load in mineral load

point ppm as Ca003 SO4 1b/24 hours | 1oad in 1b/24 hours

numbers lb/24 hours
1952

D3e April 3268 1500 1832 176000 170620 148410
May 3816 2090 2101 61600 53985 Nil
June 3782 1950 2103 - - -
July 3437 1510 1966 18500 17562 Nil
Aug. 3288 1850 2014 14150 13719 Wil
Aug. 3188 1800 1915 ¥il Wil Wil
Oct., 2770 1610 1736 - Wil Nil
Nov. 2303 1160 1294 - - -
Dec. 2783 1490 1564 96300 92850 70655
1953
Jan 2882 1290 1530 148750 143580 42010
Peb, 4395 1360 1047 23650 23112 Nil
March 2195 1180 1152 63700 60700 Nil
April 2484 1220 1310 136650 135650 il
May 2296 1450 1286 49400 47250 Nil
June 2698 1510 1491 87700 86870 Nil
July 2320 1330 1224 102500 98080 Nil
Aug, =000 1410 1465 - - -
Sept. 3080 1290 1265 136000 131580 Nil
Oct. 1870 1010 1147 516000 483400 386900
Nov. 2910 1700 1713 214000 207200 105640

27
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WITHATERSRAND STREAM SURVEY - KLIP RIVER SYSTEM

TABLE 15

AARAAAS

(Read in conjunction with diapram 11}

Analytical data for stream from George Town and Vietoria Lake,

entering the Elshburgspruit efter Blsburg dan  (Sectior D)

Sampling and Yeur Total Tatal Sulphates
gauging point and dissolved hardness in in ppam as
numbers month s0lids in ppa as 504 "
ppm Gu603
1952
- D2b April 5558 2040 1948
Hay 3685 2270 2023
June 3621 1940 2027
July 4331 2320 2375
Aug 31 2230 2324
ol Aug 3438 1500 1903
Oct 2868 1740 1798
Kov 2912 750 615
Dec 2469 460 439
1553
Jan 1610 640 4546
Feb 2115 62¢ 303
March 1141 530 223
April 1156 640 364
Hay 959 . T40 278
June 2012 810 300
Juiy 2870 810 423
Aug 2090 570 a7
Sept 1940 530 207
Ceot 1910 650 425
Hov 830 650 193
Dle o flow
1952
Dlb April 3524 1620 2055
May 3154 980 932
June 5768 3120 2952
July 6181 2790 397¢
Bug 4524 2100 2686
Aug 4272 2300 2552
Oct 3274 - 1750 3345
Hov 2658 1850 1613
Dac 4631 2400 2644
1953
Jan 6037 2220 2273
Feb 4385 2070 2222
March 3829 2030 2769
April 3240 1720 1810
May 3939 2280 2416
June 4049 2450 2468
July 4400 2410 1741
Aug 4540 2280 2489
Sept 4340 2030 2457
Oct 3000 1600 1656
Hav 3930 2340 2381
2052
DNle April 5823 2200 3472
Hay 5978 2450 3659
June 4409 2210 2434
July 1945 890 904
Aug 4627 2700 2650
Aug 5752 3500 2415
Oct 5353 3180 23322
Hov 6504 2720 3803
Dec 5851 2600 3552
1953
Jan 6012 2430 3545
Feb 7808 2710 4085
_ March T30 2876 2802
April 5604 2540 3040
Hay 6056 2800 3701
June 5370 2420 3343
July 5930 2700 3156
v Aug 6780 2500 3157
Sept 6300 2420 3797
Qct 4520 2030 3263
Kov 4420 1700 2625
* Direct inflow from mines
I
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WITWATESRAND STREAM SURVEY - KLIP RIVER STSTEN

{Rezd in cornjunction with diagram 12)

inalytical and mineral load data for the streans entering
Elsburg dam _ (Seotion 1)

Sampling Year Totzl Total Sulphates [ Cbserved Total excess
and gauging | and digsolved | hardneas | in ppm mineral load | mineral load
point month § solids in | in ppam aa 504" in 1b/24 in 1b/24
numbers Pt as 03003 hours hours
1%z
I5b April 2418 1360 1358 )
Hay 4518 2620 2478 )
June 4406 2270 2460 )
July 3574 2010 - }
Aug 3091 1910 1843 )
Sept 2718 1550 1584 )
et 3465 1550 257 )
tov 2633 1390 1630 )
Dec 2500 1450 1449 ) Ho flow racorded
1953 )
Feb 3007 1540 1571 )
Harch 3632 1590 peed )
&pril 3700 1720 2039 )
Hay 2712 1330 141 )
June 3390 2120 1937 )
July 3696 1880 1695 )
Aug 2510 1320 1350 )
Oct 1360 680 ™9 )
oy 2040 1400 1617 )
1952
D6e April 5251 2440 26878 113000 110850
May 4245 2080 2189 57100 55755
June 4756 2070 2621 67500 66375
July 4195 1560 - 67700 66085
Aug 3425 1650 2022 36850 35775
Sept 3582 1800 2232 43400 42190
Cet 3524 1680 2081 56900 55285
Hov 3766 1760 2377 50600 49255
Dec 5342 2250 2717 176700 143390
1953
Feb 4182 1780 24495 169000 164960
March 4962 1720 2864 - -
April 4944 1970 2711 276000 266330
Hay 4461 1910 2408 24000 23442
June 5314 2310 3055 - -
July 3520 1800 1883 - -
Aug 3490 1860 1764 - -
Oct 61350 2290 3126 520000 511500
ov 4730 2400 28387 50500 49825
252 o
et April Dry
Hay 6196 2820 3384 45 )
Fune 6490 2700 2582 40 ) |,
July 5027 2340 - 4.4 )
Aug 6370 2890 3600 3.7 )}
Oct Dry )
Hov 4481 870 3032 3.2 )
Dec 3960 2750 2223 5.0 )
1953 )} Yo flow recorded
Fob A446 1780 3673 3.4 )
March Dry 3
April 3322 1170 1869 3.4 )
Hay 4557 2220 2869 -
June e flow )
July n n }
Aug " " }
Sept v )
Oct 3800 1860 2187 4.2 )
1952
*D6a April 3942 1740 2308 5.5 }
Hay 4162 1300 2106 45 )
June 4213 1320 2440 4,5 )
July 3584 1410 - 5.0 )
g 3667 1730 1927 5.7 )
Sept 3148 1500 1572 8,2 )
Cet 3254 1530 1908 6.6 ) lo flow recorded
Hov a78). 70 2964 4,1 )
Pec. 5117 1790 1290 4.0 )
1953 )
Feb 4168 1550 2452 4,6 )
¥arch 3940 1760 2259 5.1 )
April 4086 1620 2029 4.7 )
Hay 3303 1590 1729 5.5 }
June 259% 1820 2045 5.2 )
July 2931 1410 1510 5.9 )
Aug 3560 1780 1939 8.1 )
Ost 4600 1850 2293 4,2 )
Yov 4070 2000 2419 5.7 )
B7a See Table 17
[
* Direct inflow from mines
| A
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(Read in conjwiet:

WITAATERSRARD STRZAN SURMEY -

SLIP RIVER SY:

fon with dlagras 13)

Annlytical data fop atryoamg froz Bokabusg Horth entering Cindercila
daz ond .R.PM. ntros enterip, Ancelo Pan (Section D)

Bampling nnd Yeax Total Total Sulphntes | Otstrved mineral
gaupleg polnt § and digaolved | hardness |4n ppm loag in 1b/
mashors zonth | molids in } in ppo a3 50, 24 hours
= an Call,
3
L
DH b April &7 540 297 )
Fay 2235 1000 074 )
June 1139 299 1 )
July 1014 430 -}
Aug 3023 1360 158 )
Sept 1700 910 939 )
fot 1559 420 29t )
Hov 363 220 84 )
Dac 1465 530 £52 ; He fiow rocordad
TFob 570 510 235 )
Harch 583 440 158 )
April 826 730 = )
Hy 1182 540 650 }
June 1559 g50 1050}
Tuly 143 280 655
g 2900 1070 1657 )
oot 70 580 20 )
Yoy 540 00 a55 )
185z
ne April 511 280 28 )
Hay Ho flow }
June " Ll }
Juty 853 450 -}
hog 897 410 ags }
Sapt 87 500 600 3
Oct 932 4z0 510}
oy 196 420 440 )
Das 723 360 38 ) | o flow recorded
1953 )
Fab 595 400 306 )
Harch 551 £30 293 )}
April 554 570 282 )
Yy £32 ¥0 3% )
Juna 720 930 405}
Juty 741 66D #51 )
Aug Ko flovw )
Ozt " " ]
i 850 500 606 ;
F - 857 580 o7 )
oy 2235 1010 W )
June 1139 250 251 )
July 1004 £30 -]
Az, 023 1360 1481}
Sapt 1700 910 999 }
Oat 1559 420 297 )
Yo 533 220 164 }
Boe 1485 536 &z )
1353 !
Fob 630 410 253 )
Farch 563 440 138 }
April a2 T30 o}
¥ay L8z 540 650 )
June 1559 950 1040 )
July 1439 620 635 )
Aug 2900 1020 W69 )
Oat k] 580 23 )
Hov 540 00 433 )
1352 }
*D9a April Yo {r1ow H
tay n " }
June 2270 510 1273 )
July Yo |flow )
Aug o )
Supt L3 " )
Oa% n “ )
Hov 650 220 421 )
Bas 6877 580 2523 )
1353 ]
Fob 531 740 1500 )| Ko flow recorded
Harch Yo | flew )
April | 5856 1170 w094 )
4357 2380 918 )
Juns 832 210 519 )
July 1043 110 47}
Aug Yo |fiow )
Gt 1260 3] 724 )
tiov B850 0 626 )
D1 b april | 1514 480 47
Hay 995 420 150
Juna 830 210 156
July 1021 50 -
Aug 11650 1660 554 ol : 5100
Sapt 625 90 92
et 806 00 210
Y 546 220 144
Dag T2 %00 228
¥ab 462 420 196
Harch 560 450 227
April 636 62 232
Hay 633 290 107
June 410 T80 832
July £99 700 58
g T 510 130
Oot 600 520 221
Tiew no 330 435 B
1952 =3
*D7e April ] sM0 2020 4607 350
Fay 731z 2250 5551 583
June Geg4 1620 5003 7120
July 5816 1900 - 2441
Jug 6581 2130 bz 1169
Sapt 4375 1920 2695 -
Get 4450 1850 2603 -
tiow 1160 5939 2333
Beg 15937 1600 2870 2430
Fob 4519 1110 %10 1144
Harch | 5493 1350 2203 939
Apry | g4 1820 3450 1420
Yoy 3239 2400 1086 2335
Jura €556 1910 3803 1654
July | 10250 1710 1848 3060
dug 5466 1440 3415 1665
Dot 1296 1200 5983 2848
Kov W 1120 1504 -

* Diract 1n?w from aines
|
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(Read in conjunetion witk diagram l4)

Analytical and mineral Iocad dats for Blesbokspruit in Heidelberp — Nizel aren Section G
Sampling | Year | Total Total Sulphates | Observed Total excess | Accumulated
and gaug~ | and diggolved | hardness | in ppm mineral lead in | mineral load | mineral load
ing point | month| solids in|in ppr  [as S0,= 1b/24 hours in 1b/24 in 1b/24
number rom a8 CuC()3 hours hours
¢ 17 See Figure 9

1952
G 15¢ June 2275 1050 880 )

July 2216 1020 g1}

Oct 1997 - - )

1953 ) Flow mnot recorded

Jan 1608 915 T80 )

Feb 1724 890 695 3

April|  1pP0 620 895 )

June 968 515 410 )

Aug 1123 930 480 )

Oct a9c 390 - 0.4, 4 hours

1952 in vpm
G 15a May 4188 1670 1320 231

June 6955 1280 1700 as2

July 4878 940 97G 204

Qet 5578 1610 650 400

1953

Jan, 5254 1340 1050 408

Feb 2526 665 495 224

Apria{ 4880 660 615 &8

June 4270 860 s 13

Aug 3444 665 800 150
G 15b See Pigure 10

1352
¢ 11b * | Kay 178 150 42 )

June 197 98 73)

July 155 98 a )

Qct 308 - -}

1393 )

Jan 220 126 42 )

Peb 175 117 46 )

April 186 11 35 )

June 198 139 59 )

g 161 115 51 )

Oct 241 125 - )

1952 } Flow not recorded
G 10a * |May 129 28 30}

hug 154 &4 17 )

Hav 143 46 13 )

1955 )

Jan 138 44 5 )

Feb 130 49 15 )

Harch 124 71 14 )

Aprit 156 8 15 )

May 199 a7 26 )

June 184 80 20 )

July 196 - - )

Sept 100 51 - )

Hov 86 - - )

* HMining poliution not evidenced yet in these

[

natural streanms

1
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Analytical and mineral load date for Viakfontein stream

TABLE .19

AAAAnAnaAa

{Read in conjunction with diagram 15)

at Migel {Section G}

Sampling Year Total Total Sulphates |Cbserved Total excess Accumelaeted
and gauging | end dissolved | hardness [in ppm mioeral load in | mineral load mineral load
point month solids injin ppn |aa 50, = 1b/24 hours in 15/24 hours| in 1b/24
number ppm as Ca(103 hours
1952
G 8c ¥ Moy 1757 682 320 - - -
Aug 2832 800 1224 - - -
Sept Dry Dry Dry Bry Dry Dry
Oct Dry Dry Dry Bry Dry Dry
tov 3323 1084 1496 Dry Dry bry
1953
Jan 3146 996 1384 - - -
Feb 3408 1114 1516 13820 13511 10788
March 3613 95% 1542 86500 84132 81945
April 2924 B46 1280 90500 87406 84680
Hay 2615 850 1328 2815 2707 Nil
June 2808 826 1350 635 6l2 Mil
July 3064 - - 3790 3666 Nil
Sept 2876 1088 - 124 120 Nil
Qct 2590 ~- - == 1395000 > 1341200 > 1338380
Hov 2106 - - 533 508 Nil
1952
G 8 * May 1928 685 362 )
Aug 21 636 710 )
Hov 1588 624 a4 )
1953 )
Jan 1674 708 725 )
Harch 1885 741 824 )
April 1894 754 810 )
May 1923 808 86 )
June 1902 796 850 }
Sept 1912 774 - )
tov 2556 - - )
1952 )
5 5a ¥ Hey 3496 1406 658 )
hug 3678 1992 1946 )
Hov 3856 1559 1951}
1953 )
Jan 5652 1505 1846 )
Feb 3846 1542 1927 )
March 3979 1556 1772 )
ApTil 3760 1485 1777 )
Hay 3521 1392 1751 ) Flow not recorded
June 3681 1497 1714}
July 3792 - - }
Sept 3893 1532 - )
Hov 5402 - - )
1952 }
G 4o * Hay 2607 639 408 )
Aug 2151 610 690 )
Sept No flow No flow | No flow
Cet No flow No flow | No flow
Nov 2415 848 27
1953
Jan 2384 794 884
Feb 2216 820 895
March 2058 T4 796
April 2308 785 a64
Hay 2312 816 927
Jure 2408 200 846
July 2326 - -
Sept Ho flow No fiow | No flow
Oct Ho flow Hoe flow| Ne flow
Nov 2968 - -

* Mining pollution
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{Rerd in conjunction with diagram 16)

Analytical end minera) load dats for Blesbolespruit in Sprin

5 — Nigel ares

Sections F and

Bampiing [Year |Total Total Sulphates |Cbgerved Total excess Accumulated

and gaug- |and dissolved | hardness | in ppm mineral load in imineral load mineral load

ing point {month [ solids in |in ppn | es S0 1b/24 hours in 1b/24 hours | in 1b/24 hours

numbers pon as Cal'.‘D3
1952

g 9 May 3920 157 560 )
Aug 4342 1788 1645 )
Nov 3928 1461 12l )
1933 !
Jen 2842 1026 920 )
Feb 2096 a4z 695 )
Karch | 1693 722 685 )
April 1654 641 504 )
May 1502 664 811 )
June 1722 754 621 )
Fuly 2040 - - )
Sept 2471 1644 - )
Oct 171 - - )
Hov 1695 - - }
1952 3

@2 * |Hay 4240 1465 558 )
Aug 4410 2796 1541 )
Hov 3139 1066 927 )
1953 )
Jan 2530 g21 a0
Feb 1818 846 784 3
March 1178 32 614
April 2450 904 800
Hay 1836 a1z 702
June 2064 860 189
July 2438 - -
Sept 2063 753 -
et 1744 - -
Yovr 7458 - - Flow not recorded
1952

G le * |Hay 3551 1353 567 2
fug =171 1280 1094
YNov 2592 927 906 )
1323
Jan 1980 742 682
Feb 1640 6l4 519
March 1513 572 463
Anril| 1830 642 576
Hay 2458 1080 951
Jupe 2528 814 754
July 2640 - -
Sept 4128 1593 -
Hov 4826 - -
1352 )

Fle April 3284 1260 1040 }
Hay 3020 1385 1352
June 3096 1375 1235
Aug 2988 1210 1034
Sept 2942 1258 980
Hov 1877 606 84 ‘
Yov 1832 318 -
Dac 2454 £18 1245
1953
Jan 2870 1042 1280 3
Feb 2356 1085 1078
March 2277 1019 1020
April 1139 422 565
June 2485 957 1142
Aug 2670 1100 815
Oct 3617 1530 - }
Hov 3727 1600 -

*  Minipg pollution

|
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Analytical and mineral loed dats for the Small Biesbekspruit in Springs area

TABLE 23

Ta

(Read in conjunction with diagram 17)

(section F)

Sampling and | Year [ Total dissolved | Total hardness | Sulphates | Observed nineral | Total excesa Accumulated
gauging point | and golids in in ppm in ppm load in b/ mineral load in | mineral load
numbers month { pym as GaC0, as 50,= | 24 hours 1b/24 hours in 1b/24 hours
1952
P 2b Aprdl 2274 780 1115 35055 16800
sy 1910 728 837 5837 ¥il
June 3145 1245 1027 20457 Nil
Aug 240% 868 824 203520 Nil
Sept 4237 1015 718 35568 ¥l
Hov 1238 345 268 55640 37550
Dec 2658 681 17386 19246 Nil
1953
Jan 10887 576 Selo 72507 59026
Feb 1582 609 790 30650 17275
Harch 2300 692 1084 5395 Ril
April Ila3 3 916 39250 28875
June 4826 1175 2238 31747 HNil
g 2480 T35 2225 14077 ¥il
Jet 2519 840 - 16247 il
Nov 2870 1340 1330 65563 52150
F3b % 952 R20 in ppm
April 43900 3465 24580 12930
May 41897 2010 22450 12550
June 50410 2490 25400 13130
Aug 44250 3920 25530 13130
Sept 51234 3920 25460 13420
Hov 33700 2620 20080 10150
Dec 25486 2790 16560 8010
1953
Jan 34084 2790 21950 10750
Feb 33828 3070 18650 10220
March 34588 3405 19260 10840
April 27134 2660 15180 6870
June 66133 3940 40760 15260
Aug 83870 4250 37200 19980
Qet 54849 - - 18380
2952
P 4¢ * April 2176 1002 1219
My 1995 882 1132
June 23T 975 1260
Aug 2510 955 1282
Sept 2367 994 1187
Hov 1567 480 387
Dec 2410 T4 1357
2953
Jan 2088 583 258
Feb 1710 705 9Bz
March 2060 824 1107
April 1560 556 2030
June 1858 B38 1428
Aug 2395 915 1230
Qct 4048 1660 -

*

Mining pollution
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{Read in conjunction with diagram 18)

Analyticel and mineral load data for the Bileshokapruit above confiuence with Small Bleshoksoruit (Sectiun E!
Sampling and | Year [ Total dissolved | Total hardness | Sulphates | Observed mineral | Total excess Accurulatad
gauging point | and golids in in ppm as in ppm load in 1b/ minersl load in | mineral load in
numbers monthi ppm Ca €O as 50,= |24 hours 15/24 hours 1b/24 hours

1352
E 114 * April 2421 1360 1320 )
May 2968 1310 1267 )
June 3118 1367 1255 )
fug 2856 1240 937 )
Sept 2862 1241 955 )
Yov 2794 606 335 )
Dec 2254 970 968 )
1953 )
Jan 2595 1180 1308 )
Peb 2158 540 a5 )
March 2087 1069 1020 }
April 1666 741 730 )
June 2582 1045 1348 )
Aug 2127 1085 845 )
Oct 3758 870 - )
tov 2351 300 e )
1952 )
B 1lle April 3091 1420 1341 )}
Hay 3412 1370 1310 )
June 3028 1330 1200 )
Aug 2919 1275 099 )
Sept 2842 1232 91¢ )
Nov 2442 706 384 )
Dec 2055 907 935}
1953 )
Jan: 26595 1040 1230 ) #low Mot recorded
Feb 2576 1105 1077 )
March 2385 1059 1020 )
April 2266 1019 1010 )
June 2630 1070 1356 )
Aug 2682 1100 845 )
Oct 2624 1050 - )
1952 )
B 11b April )
Hay )
June No flow 3
Aug }
Sept j
lov
Dee 518 40 wr )
1953 )
Jan ) )
Peb |} o flow )
March|} )
April 244 45 14 )
June |) )
Mg |) Fo flow )
Det ) )
*  Mining pollution
] 1
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TABLE 23

(Read in conjunction with diagrem 19)

Anmlytical and mineral load duta for the Geduld znd Cowl's dang

{Section E)

JSumpling and | Year | Total dissolved | Totsl hardness | Sulvhates | Observed mineral | Totel excess Acowrnalated
sauging point | and solids in in ppm as in ppm load in 1B/ mineral lowd rineral load in
numbers month | ppm Cu003 g 504= 24 hours in 1b/24 hours | 1b/24 hours
B 10c See Figure 12
1952
2 10b April 1984 Nil 521 )
Hay 3410 114 580 )
June 2140 722 415 )
Aug 2447 880 432 )
Sept 2534 1005 275 )
Nov 2942 1265 781 )
Dec 2550 904 S0z )
1953 )
Jan 2562 910 484 )
Feb 2566 87 425 )
Yarch 2654 970 465 )
April 5715 2460 494 )
June 4390 2305 Tz )
hog 3437 935 551 )
Oct 3212 1260 - )
1952 )
£ 10a * April 332% 1401 1770 )
Eay 2430 1150 1362 )
June 2916 1340 1642 )
Aug 3140 1255 1878 )
Sept 2992 1360 1784 )
o 2456 1160 560 )
Teg 3152 1200 1972 ) Flow not  recorded
1553 )
2306 868 1485 )
Feb 2476 1120 1450 )
Yareh 2%03 a31 1495 )
April o868 1070 1592 )
Jure 2638 1206 1901 )
hugg 2911 1180 1767 )
Oct 1584 1510 - )
g 9¢ See  Figure I )
1952 )
£ 9z ¥ april 2800 1580 1402 )
May 2753 1590 1568 )
June 2637 16490 1510 )
g 2697 1580 1483 )
Sept 2577 1582 1484 )
Tov 2473 1370 1297 }
Dec 2544 1590 1704 )
1993 )
Jun 25300 1482 1670 )
Peb 3140 155¢C 1578 )
Herch 3130 1980 1930 )
April 3569 2170 2080 )
June 2693 1300 1823 )
Aug 3180 1920 1884 )
Got ~010 1700 - )
¥ Hining pollutionl
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TABLE, 24

(Read in conjunction with diagram 20)
Analytical and mineral load dats for the southern =nd western streaps entering Geduld dam  (Seetion E)

Sarpling and | Year Total dissolved | Total hardness | Sulphates | Observed mineraI | Fotal excess AccumuTated
gauging point | and selids in in ppn uso in ppn toad in lb/ mineral load in |mineral losd in
nunbers month | ppm CaC0, as 50, = |24 hours 1b/24 hours 1b/24 hours
1952
88a Harch 300 - 14
March 600 204 164
April 1200 346 328 23900 21910
dune 2200 228 152 11820 11282
July 1400 850 411 7550 7012
Septh, 1000 550 209 6250 5526
Oct 400 - 139 1805 1353
Dec 610 154 181 13780 11511
1953
Jan 790 295 329 3300 3013
Jan 1580 650 605 4760 4450
Feb 500 300 164 4847 ATEL
Mareh 550 - 123 2185 1561
Hay 16060 1040 599 T23¢C 6779
July 1720 748 g 3330 3134
July 1580 T70 885 3250 3056
Get 1179 585 - azE2 2088
Hov 600 - 205 1162 G68
1952
I gb March Yo flow
April 1300 310 3L )
June ) - )
July KXo flow
Sept
Qct
Des 700 141 m
e )
Jan
Heb 3 )]
Harch Yo Tlow )
May ) ]
July ) )
Oct 164 215 -
Hov Yo flow i Flow not  recorded
1952
5 Bd March 380 102 £6
April, 200 150 B2
June 474 140 47
July 490 312 18]
Sept 500 132 9 }
Oct 400 - 29
Dec 610 234 172
1953
Jan 524 216 9%
Jan 530 155 123
Jan 530 130 8z )
Ot 361 130 - )
192
B 0 274
ETa E:?ch %883 i%gﬂ 1 48 268000 = 264230
Apzrdl 4500 1470 310G 73200 7586
June 5500 1400 3144
July 5000 1392 2552 ;
Sept 7500 - 2959
Oot 5800 - 3083
Lec 2210 500 73
1953 i
Jan S50 1200 1728 Gauge wnrelieble due to siltirg
Jan 7530 1300 3763
Jan - 1600 3801
Fab 6300 3900 501 i
Yarch 5550 2600 3041
¥y TO00 3500 PGS
July 010 1500 1081
July 8460 1400 1880
Cct 2922 1010 -
Hov 10900 - 223 52800 52314

&7
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Analviical and mineral load data for the northern stresm entering the Geduld dem

TABLE 25

ARAL AR

(Read in conjunction with diagram 21)

(segtion E)

Sampling and | Year Total dissolved | Total hardness Sulphates |Observed mineral | Total excess Accurulated
gauging point | and solida in in ppm as in ppm lozd in 1v/ mineral load In | mineral load in
numbers month ppm caco3 as 50, = ;24 hours 1b/24 hours 1b/24 hours
1952 :
BT Feb 2547 1070 1820 }
Harch 3340 950 1561 )
April 8660 1090 2400 )
June 9300 1450 274
July 4500 1588 2756 )
Sept - 1890 2015 )
Oct 3400 - 1150 )
Dac 1710 450 ™6 )
1353 )
JTan 1850 1300 1189 ) Gauge silted
Jan 6150 - 239 )
Jen 6080 2200 2929 )
Feb 2900 1900 1685 )
March 5140 3900 2959 )
Hay 4400 2160 -}
Juiy £700 2000 1471 )
July 2880 1200 811 )
Oct 4381 1760 - 504100 297150
Hov, 1400 - 613 153200 145700
1352
E5d April 2140 1260 1250
May 1594 820 T45 3780 3543
Sept 1700 530 1075 3480 3276
%raﬁ 1594 1010 1090
an
March 2030 1040 850 3 Gauge out of order
May 1631 1175 970 3340 B136
1932
E 5b May 366 136 9 )
Sept 2328 1282 1223 )
Remainder )
of 1952 Dry )
1953 Dry )
E 5a 1952 Dry )]
1953 ] )
Jan 1024 610 640 )
Remainder )]
of 1953 Dry )
1952 )
E3a ﬁf;:ﬂ g;’? 350 . ? ; Plow not recordad
Sept 346 144 3 )
2953 )]
Jan 288 120 43 )
March 648 - 43 )
May 619 222 5L )
1352 )
E3b Aprdl 208 90 28 )
May 265 , 60 65 )
1353 )
Jan 140 68 62 )
Mareh 246 110 61 )
My 128 16 )

75
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TABLE 26

Anannaann

Dissolved HMineral Load Dats

Klip River at Veroeniging  {Point AadC)

(Tons per 24 hours)

Dissolved Dry sesson® Rainy season .
mineral,
Joad Hax, Min, Av, Max, Min, Av,
Observad 120 12 65 (1952) 4470 150 1020
76 {1953)
Accoumiiated Nil Nil Mil 4025 T 860
Regular effluent 105 10 50 {19%52) 82 50 60
discharge 65 {1953)
Total excess 105 10 5¢ (1952) 4080 135 1080
65 {1953)

x .
Figures recorded during wet pericd in July 1952 not conasidered,

Dissolved mineral load data

{Tons per 24 hours)

Klip River below confiuence (Ah 1{c) )} |Kiip River above confluence (44 1(a) ) [Natal Spruit before confluence

{Ahete( D))

Dissolved .

Mineral Dry season® Rainy season Dry season® Rainy season Dry geason™ Rainy seaszon

load
Max, |Min. Aver. | Max, | Min, | Aver,jMax, | Hin, Aver, | Max,| Min, | Aver.{Max. | Min, Aver. | Max,{ Min, | Aver.
Obsepved 150 | 14 j90{1952) | 4400| 150{ 3240 | 100 5| 55(1952) | 1270 105} - 70 5| 2(19s2} | 950 155( -
80(1953) 60(1953) 19(1953)

Accumulated Kil | Mil - 3930 63| 1030 § Nil | Nil .- 1070 401 = Nil| Nil - 970 125} -~

Regular effluent | 137 { 17 [eo(19sz) § 105] 7o| &0 |84.5| 14| 48{(1952) {50.5] 46| 49| &7| =2.5|36(2932) | = 10] 15

diacharge 70(1953) 52{1953} 17(1953)
Total excess 137 | 17 |so(1os2) {4o10| 13511110 |84.5F 14| 48{1952) | 1120] 90| - 67 2.5 |36(1952) | 1000| 140] -
70{1953) 52{1953) 17{1953)

FMpures recorded during wet period in July 1952 not considered.

50



TABLE 28

AnmARARAN

Dissolved mineral load data for Suikerboschrand
River at Vereeniging {(C 18a)

(Tons per 24 hours)

omen * )
Dissolved mineral Dry seacon Hainy season

Load ¥ax, | Mn. aver. | Max. | Min, | ver.

Obsarved 20,0 1 ¥ir | 6.5 (1952} o515 | 6.57 260
10 {1953)

Accumlated ¥il | ol ¥l 2385 | N1 220

Regular effluent | 15.5 | ¥i2 | 4.5 (1952} 13.5[ 5.5 10
discharge 8.0 (1953)

Total excess 15.5 1 31 | 4,5 (1952)| 23901 5.8 225
8.0 {1953}

* Racordings during wet periocd July 1952 not censidered

TABLE 29

Amnamanan

Digsclved mineral load data for Blesbokspruit at
Keidelberz (G _15b)

(Tons per 24 houra )

Dimsolved mineral Dry season ¥ Hot season
Load Eax. | Min, Aver, Max. | Min. | Aver.

Obaorved 29,5 | Nil 8.0 (1952) ] 603} 9.5| 154
10,5 {1953)

Accurulated Hil Wiy nil 56G | Til 132

Regular effluent 28.5 | Ry 7.5 {1932) | 17.5 9.0 ] 12.5

discharye G.5

Totel exceas 28.5 | Nil 7.5 (1952) 572 | 9.0 ] 144

9.5 {1953}

* Recordings during wet period July 1852 not considered,
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TABLE 30

AAnANAAAA

Disgolved mineral load data for Small Blesbokarmit {F 2b)

{Tons ver 24 hours)

Dissolved mineral load

Dry season *

Max, Hin, Aver,
Observed 18 3 10,5 {1952}
10,5 {1973}

Accurmiated 111 ¥il Fil
Regular effluent 18 3 10 (1952}
discharge 10.5 (1953}
Total excess 18 3 10.5 (1952}

1.5 (1953)

*  Recordings during wet period July 1952 not considered.

Disgolved mineral lond dsta for Cowl's dem

TABL=

31

overflow

(Tonz per 24 hours)

* i "R
Dissolved mineral Dry seasan Ralny senwen
Lond Max. | Bin. Avar. ¥ax. | Win. | Av.
Ohserved a5 53 | 61.5 (1952} | ~450 | 46.5 | 204
.6 {1953)
Accumulated Hil Hil Mil 363 Hil 127
Regular effluent 82 1 51.5 | 99.5 (1962) | = 77 [ 24,5 59
discharge 81.5 (1953)
Total excess 82 | 51,5} 59.5 (1952) | 4341 44,5 | 196
#1.5 (2953)

* Recordings during wet period July 1952 nroi considered.




TABLE 32

AARAARAAA

Disgolved mineral load data for Geduld dam overflow (E 9¢)

(Tons per 24 hours)

Digeolved mineral

Dry season ¥

Reiny season

1oed Max. Min. Aver. Max, [ Min, | iver.

Observed 44 61 9 (1952) | 1680 | 23.5 | 460
34,5 {1953}

Accurmlated Nil Nil il 1633 Nil 429

Regular effluent | 42,5 45 | 7.5 (1952) 370 13 27
dizcharge 33.5 {1953}

Total excess 42,5 a5 | 7.5 (1952) | 1647 } 22.5 | 456
33.5 (1953}

*

Relation between TDS and Aluminium sulphate dosage

TABLE 33

Amnnnanan

Recordings during wet peried July 1952 not considered,

TDS of Vaal River

water (in ppm}

Aluminiue sulphate dosage in
tons per 100 million gallons

100 - 300
300 - 400
400 ~ 500
500 ~ 700

1.5 ~ 2.0
2.0 = 3.0
2.5 ~ 3.5
5.0 - 6.5
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TABLE 34

AnmArmANA

Aluminium suiphate dossge data, period 17ih to

28th Decerber 1952

Défii%er TDS of Vazl River [ Aluminiue sulphate
1952 water (in »pm) dose [(in ppm)
17 572 17
18 550 32
19 559 47
20 578 33
21 406 29
22 395 25
23 483 21
24 286 20
25 373 19
26 368 16
27 357 15
28 513 20
TABLE 35

AARAAAAAA

Dete illustratine the type of relationship between
TD5 and coolinz water mzke-up

Total daily coats *
. . {in R)
TDS of intake Daily volume of
water {in ppm) | make-up {in gall} make - up | Phosshate
water loss
150 T&T000 16.2 2.8
250 1400000 37.4 23.4
50 2200000 5.0 6.6
500 3833000 95.8 £3.8
600 53660C0 134.2 89,4
750 8943000 223.6 1459.0

*  fost of raw water = 2.5c per 1000 gallons.

PD‘J1 content of blow-down ~ 10 ppm

Cozt of Calgen = R200 per ton {60% P04 content)




TABLE 36

AnaRAARAn

Illustration of the type of relationship between
TDS and bgilexr blow-down

. s
Dasly volume Potal daily coste*(in ®)
LS of make~ |+ 1] oumdowm :
up water (gal) FPhosphate | Blow-down
g loss
15¢ - - 133000 4.4 15,8
250 234000 7.8 29,4
350 346000 11.6 43,2

* Cosis of water te¢ make good blow-down involve
(i) Cost of raw water (assume 2,5¢/1000 gel)

{31} Costs of softening - chemicals elone taken
at 10c (hardness ineresses ignoved) i.e.
water and chemical costs = 12.5¢ per 1000
gal - capital and operating costs not
included, i

4 content of blow-down =:20 ppm

TABLE 37

AanAAALAA
H

Illustration of :relationship between TODS and
costs of demineralization msterials

1

Cost of chemicals and de-
TDS concentration o preciation of ion-exchange
water supply (in ppm} | material (ifn cent.per

.} 1000 gallens) )

130 . 13.55
180 { - 5.8
250 . 18.80
290 . . 25,18
70 C59.95
TABLE 38

Anmannnnn

H
Tliustrasion af relationship between TDS and costs
of bage-exchange materdall @ -

3

Cost of chemicals and
depreciation of base-
exchenge material (in

TH of water suipply {in
ppm as Cacoa)";

cent pér 1000 gallons)

SEo300 ¢
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IN LBS. PER 24 HOURS,

MINERAL LDAD
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FIG. 2A. DISSCLVED MINERAL LOAD CONTRIBUTED BY REGULAR EFFLUENT DISCHARGES REACHING THE KLIP RIVER AT VEREEMNIGING
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FIGA  MINERAL LOAD DATA (L35 PER 24 HOURS) KLIP RIYER ABOVE COMFLUENCE
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