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ABBREVIATIONS AND TERMINOLOGY

The following abbreviations are used in this report:

AADD
ANC
BLA
BODA
CAPEX
CASE
CBOs
CDE
CIP
CRDC
CRCS
CSIR
CWSS
DAF
DANIDA
DBSA
DC
DCFE
DFA

- DWAF
ESA
ESCOM
GIS
GNU

GSWCA

GWCA
GWS
IB

Annual Average Daily Demand |
African National Con_gréss

Black Local Authorities

British Overseas Dév‘eldpmént Agency |

Capilal Expenditure

* Community Ageiicy for Social Inquiry

Community Based Organisatiohs
Centre for Development and Entcrprise

Cépital Investment Plan

- Community Reconstruction and Development Committee

Crocad ife River Catchment Study
Council for Scientific and Industrial Research -
Comunwunity Water Supply and Sanitation

Dissolved Air Fio'tat_ion

- Danish International Development Agency

Development Bank of '_Soulhem' Africa
District Council

DiSCOunted Cash Flow

‘Development Facilitation Act
‘Department of Water Affairs and Forestry

Extended Supply Area of Magalies Water Board as gazetted in April 1996 ‘
Electricity Supply Commission '

Geological Information System

~ Governmeit of National Unity -

Government Subterrariean Water Control Area

- Govémment Water Control Area

Government Water Schenie

Irrigation Board



IBS
IDT
IFR
IMT
INR

JicA

LAPC
LRDC
- LWC
MSF

MEC
MW

NELF
NGOs
NPV

NwWP

NWWA

0&M
ODA
ono
OECF
PLP
PMC

' PSC
- PWB
PWG

" PWSSD
PWV
RBC
RDP

Trrigation Board Scheme :

Independent Development Trust (NGO)

Instreamy Flow Re(juiremems

Interim Management Team

]nsliiutc of National Resources

Japan liternational Coopération Agency _
(the official agemy respansible for the mlplementanon of thc technical
cooperation prograimes of the Government of Japan)

Land and Agricultural Policy Ceﬁir’e | _
Local Reconstruction and Develcrpment Commlltee (Local RDP Commlltec)

Local Water Coimmilice

Medicines Sans Frontiers

- Member of Exe(iilli\'e Comimiiitee

Magalies Water Board

National Lleclnﬁcauon Fonim (ESKOM Database)
Non-Governmental Organisations

Nett Présc:ilt Value

North West Province

‘North West Water Supply Authority
‘Operation and Maintenance .
'Official Development Assistance

- Organisation Déevelopment Officer

Overseas Economic Cooperation Fund of Japan -

| Prestdential Lead Project

‘Project Management Committee of the JICA Siudy

Project Steering Committee of the JICA Study

Phalaborwa Water Board

Project Working Group of the JICA Study

‘Provincial Water Supply and Samtatlon Dlrectorate

Pretoria Witwatersrand Vereem ging lﬂangle (geographlcal area)
Rotating Biological Comactor

Reconstruction and Development Programme



RSA - Republic of South Africa

RSC Regional Ser‘vicé_Cbuncil
(r.egio'nai bodies established to facilitate and coordinate scrvice provision
across local boundaries. To be réplaced by Regional and District Councils)

RWB Rand Water Board |

SV " Scope of Works

SAMWU Soﬁih'Afribah Muinicipal Workers Union

'SANCO ‘South Afriééhﬁali(’m’ai Civic Organisation
SCOWSAS  Standing Comimilie on Water Supply and Saniiation

SDD Summer:Daily Demand :

" Setplan  Settlément Planning Services Consulting Engincers
SGT Self-Govemning Térritories
SR Service Reservoir
STW Sewag’é Treatment Work
SWET  Sanitation and Water Education and Training Program

CTA Tribal Authority _
TBVC - Transkei, Bophuthatswana, Venda, Ciskei (former ""independant"” |

homelands) | |
TDS - Total Dissolved Salts
THM ~ Trihalomethanes
TLC - Transiticnal Local Council
.ETM’C " Transitional .Metropoli.tén Council

TOR " Termsof Reference |
TRC Transitional Rural Council
YIDP Vent'iiated.lmproved Double Pit toilet (latring)
viP . Vel_ltilatt_:d Improved Pit Latrine |
wp o White Paper '

~ WRC Water Research Commission

WRYM  Waler Resources Yield Model
WTW Waler Treatmient Works



UNITS =

¢ Cent - (100 =RI)
ha Hectare
kg/c/year  Kilograms per capita per year

Kl - Kilolitre

kid  Kilolitres per day

km Kilometre

km2 | Square kilometre

Véfyr Litres per capita per year

lcd Litres per capita per day
m3/elyr Cubic nietres per capita per year
mem | Million cubic metres

ment/a Million cubic metres per annum
mg/l Milligrams per litre

Mid Megalitres per day

R ‘Rand  (R1 = 100c)
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CHAPTER 1 INTRODUCTION
1.1 Baci&groun’d

In August 1995, the Governmeiits of South Africa and Japan agreed the scope of work
for a technical co-operation programme ‘focused on the expansion of the capacity of
Magalies Water (MW). The Japan International Cooperatlon Agency (JICAYis currently
undertaking the study in close ¢o- operatlon with the Department of Water Affairs and -
Forestry (DWAF) in South Africa. “The initiative to expaitd the capacity of Magalies
Waterisa direct outcome of South Africa’s new Water and Sanitation policy, which is
based on the Reconstmchon and Development Programime {RDP) In terms of the policy,
institutions hke Magahcs ‘Water will extend bulk supply networks in the longet term, and
will assnsl m stiniulating and suppomng local level water supply and managc:nent
msmuhons in the short to medium term.

The overall framework of th’o’Jl(,A Study isas follows:
PHASE 1 - Formulation of a Masier Plan
Stage 1 - Sitnatliona'l Analysis

Stage 2 - For;n{ll:ition ot_‘ a Ma‘stét Plan up to the year 2015 and
priority proje'ots‘ to the year 2002

 Stage 3. Recommendanons on smd) imethods and terms of referencc
for Phases 2 and 3

PHASE 2 - Feasibility Study on priority projects
' PHASE 3 - Implementation of sclected water supply'and sanitaiim\ pilot initiatives

Agamst the background of the overall framework descnbcd above, the present JICA
Study is concerned only’ with the Phase 1, formulation of an overall and strategic
framework / masler plan for the appropnately phased, long term, sustainable development
of water supply infrastructure and sanitation, mcludmg appropnatc Second and Third
Tier support, in the Study Area. The formulation of a pnonly project to the year 2002,
and an extended programme up to the year 2015 is included in the present JICA Study.

The ﬁrst Stagc of th;s Phase was a Sltuahonal Analy31s The’ purpose of this was to
' understand lhe sotio- economic conditions, hydrotogical and hydrogeo!oglcal resources,
~ demand for waler supply of water, existence and condition ‘of infrasiructure; present
' standard and coverage of services, enwronmental ¢onditions, policy :nlpllcatlons
'_capactly and roles ‘of the First; Second and- Third Tlers water supply aluludes and
‘practices at the community level financial situation, and water tariffs and cost recovery
systems. :

i-1



The second Stage of the Phase i$ to formulatc a Master Plan which includes the Gap -
Analys:s the Pollcy / Slralegy Recommendation { Plan, the Prcllmma:r} Study of Water
Supply - System (Technical Solutmn) and the Economic/Financial Anatysm of the
formulated project(s) under pre-feasibility level mcludmg an mmal capital investinent
plan.

The objectwe of the Gap A11a1y51s was to estabhsh a complete understandmg of the Gap
belween the Current State (mshrunonal technical and fi nancial) of water infrastructures
in the Magallf:s Water Study Area and the desired future state, as presented in the Water
Supply and Sanitation pollcy The current state has been determined in the Situational
Analysis. The future state is identified through key pcuhcy docuiments'such as the White
Paper on Water Supply and Samlanon as well as the needs and expectauons of the
communities and othér consumers in the Study Aréa.

The objectivc of the Policy / Strategy Recomméndation / Plan was: to facilitate and guide
the expansion of Magaties Water through practical recommendations regardmg policy
and strategy; to identify arcas of national pohcy that support/hinder the expansion of
MW, and to propose aclions to be taken; (o 1dennf) areas of pohcy in specnﬂc water
sector and related institutions that require attention, and {o propose appropnate actions;
and to propose strategies to deal with institutional and technical gaps that are likely to
hinder the expansion of MW, together with strategics that mll facilitate thé éxpansion
process. -

The "objective' of the ‘Technical Solutioﬂ was (o quan'lif')i the techitical requirements to
achieve the standards and levels of service identified in the desired future state and bridge
the Gap mapped out in the Gap Analysis.

The ob_lectwc of thc Economic/Financiat Analysis is to quantlf) both the cost and the
‘benefitto be mcurred by and arising from the proy:ct proposals whmh are (o be evaluated -
from various viewpoints of RSA’s national’ economy and the second and third tiers’
entrepreneurial stance. The lessons obtained from a series of analysxs will be fed to
further Phases 2 and 3 of this Study. '

Key to the success of the HCA Study is the support and nwo]vement of the main
stakeholders in water supply and sanitation in the Study Arca- Magahes Water Board,
~ national and reglonal oftices of DWAF, local authorilies, dlstnct coungils, !ocal and
- Provincial Goyemment, commumtlcs and their represematwe organisations, and NGOs.
To ensure that this involvement oceurs the following lnsmuuonal arrangements have
been put in place



o The entire JICA Study is managed by a Project Managenient Comrhiliec (PMC),
on whichi sits representatives of Magalies Water, Departnient of Water Affairs
and Foreslry and JICA. ‘The PMC sits approximately once a month; and

s Project ‘.Vorkmg Groups (PWGS) have been established to oversee the activities
of the Study Team and the local consuliants, Three PWGs were established,
which include representatives of key slakeholders as well as MW, DWAF and
JICA.

1.2°  Composition of Master Plfiil Re'port'

The Final Report is composed. of an erculwe Summary,’ ’v[am Report Supporhng
Reporls and a Data Book. Each Supporting Report covers ati individval part of the Study

“and has been prepared to provide detailed inforination to the more interested or specialist
reader. The Supporting Reports are as follows:

“General Affairs : - -
- Situational Analysis '

“Gap Analysis

- Policy and Strategy Optlons

‘Preliminary Stidy of Water Supply System

Institutional Development Plan”

Economic/Financial Ahalysis

cj-n O

The Data Book contains primary data and mformahon and only alimited number of hard
~ copies will be produced which will be held by key stakcholders (such as DWAF and
- _Magalles Water). The contents of the Data Book will be madc avallable in electromc
' format whenever applicable. o : :

13 Suppo‘rtmg ReportB

: ,The first stage of the JICA Study mvolved a detailed srluauonal analys:s i.e.areview of the -
existing conditions prevailing in the Study Area in. the Study Area which included
mst:tut:onal and technical aspects as shown in the table. The work was completed mid 1996
* and'a$ circumstances in the Study Area are constantly evolving, some of the findings may
alrcady have become out of date. Also certain findings have: subsequently been developed
and are explamed in more detail in other pans of the Report. The information from the
 situational analysis still provides a good overview of circumstances in the area and prowded
a good basm for the subsequent v«.ork therefore it is pn,senled here.

13



: TECHNICAL STUDY : - INSTITUTIONAL $TUDY
Background (physical, socio-economic - * Watéf study, including issues of policy and
conditions) 1 costrecovery

. Investigation of pcnphera! afreas L Issue scoping with s{akcholders
Review of policy on Second Tier roles, + Audﬂ of capacity and readinéss in the
tesponsibilities . : ‘Third Tier _
Water study (infrastructure, demand . ¥ Case studics of 30 selccted communities

~ forecasts)

* Profilé of Second Tier orgamsanons o

Key findings were as follows: -

1.3.1

M
@
o
@
)

(8
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Infrastructure and Resource Issues

 Water avaiiability in the 'St:udy'Area is adeqiate at preSeiii By 2015 1ﬁe population
“of the Study Area will grow froi 3.1 million to over 5 million.” However the

increased demand is expected to be offset by mcrcased return flows.

Water is imponed into the St_udy Area, and the stc‘)rage capa‘city_of dams i'js ¢lose to
the natural mean annual runoff. Water resources are highly interdependent and -
require integrated planning and dcvclopménl.

'lhere is potential for lmproved surface water utilisation (eg mcreased use of
Klipvoor Dam) more efficient use of water, and reallocation of water resources. .To
mieet growing primary demand, transfer of irrigation quotas (with compcnsanon), to
primary users may be required.

~ Certain existing supplles (especrally groundwater) do not meet potable water quahty

standards desirable for the Study Area.

Water tréatment infrastructure is generally ina good condnlron There are relatwely
few sewage treatment plants.

The Study Area is generally characterised by poor avallabrhty and prcdrclabrlrly of
groundwatcr reSOUrces.

Policy Issues
'The policy and Icgal frameworks for water supply ancl samtauon are stlll evolvmg

There is a necd for new policy in certain areas, for revision of existing policy, and’
for more integration.
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Policy sees water suppl) o be a tocal govemment responmblhty Interim Second
Tter rofes must support but ot undermine local officials.

!nstilutional Issues

‘The merger of Magahes Water and most of the areas of NWWA fallinig into the

Study Aréa is going ahead. There are niany challenges, including subsidy reduction -

"~ in former NWWA areas, and the effective short and long term deployment of former

NWWA staff

4

" Cost recovery vanes among Second and Third tier authormcs administerinig water

schemes. Magalies Water has full recovery, but the chiallenge is to improve recovery
elsewhere. Lowest recavery lev els are in the fornier homelands.

Non-payment has two sides. 1t hinders the phasmg otit of subsidies, but also causes
implementing agencies to shy away from projects in the areas where they are most

urgently néeded.

Stakeholders in the Magalies expansion see the following challenges ahead: linking

- the best attributes of MW and NWWA,; clarification of short and fong term roles for
‘Second and Third Ticrs; the cost iniplications of expanded supply for MW.and its

customers; the feasub:hty of achieving RDP targets in the Study Area; and the

' moblllsanon of broader represcntation on the board of M.

‘Capaony among Third T;er orgamsahons is hlghly varied. Clarity on roles and

sources of support is emerging. District Councils have a key stategic and
integrative role. Success will depend on capacily, development expemse and ability

" .to mobilise rcsources at and for the Thlrd Tier level.

- Commiunity capacity is diverse. In some cases there is organisation around water,

and a readiness to manage local supply. In other places this is absent. Key obstac!es
(in some places) include limited community participation in water managernent
issues, “factors leading to non-payment; weak and conflicting local organisations,
unauthorised connections (sometimes supported by local ofhc:als) and lack of water
knowledge. :
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. CHAPTER 2 BACKGROUND STUDY
21 .Deseription"of 'the-:St'udy Area and Topography

. The Study Area is srtuated between 24°30' S and 26°08' S and 26°28‘ E and 29°l9' E, and
extends from the erpopo River in the noith to Gauteng in the south and from the western part
of the erpopo River to the conﬂuence of the Olifants and Blands rivers in the cast.

: On ihe western side of the Shrdy Area, the Crocodrle River rlses on the Wrtwa(ersrand just north
‘of Roodepoort at a height of approxlmately 1,700 m above sea level. It then flows i ina generally
' 'north-westerly drrectron for 280 kim, during whick it is joined by the Marico Rivet, at just below
900 m'above sea level. Aftef (He confluence the river becomes the Limpopo River which forms
the border of South Africa with ZrmbabWe and Botswana. :

The watershed in the south between the Vaal River catchment and’ the Crocodlle River
catchnient, is formed by the Wltwatersrand with the Magalics Mountains situated just 6 the
north. The average slope of the area decreases from soith to north.

The Crocodrle Rlver ﬂows through the Wltfontermant and the Vheepoort Mountains, which run
in-an east- westerly direction, in the région of Thabazrmbl Thé Hoek mountains form the
watershed in the north-éast between the Crocodile River aind the Mogol River. The well known
' Prlanesberg is in the west of this catchment :

_ Towards the east, the Waterberge mountams, whrch are about 1 800 m above sea level are -
located belween the Crocodrle and Mogalakwena Rivers. The Mogalakwena River rises as the -
Nyl R;ver, just north of Ny]stroom at an a1htude of between 1,000 and 1,500 in above sea level.,
It then flows in an easterly direction through the flat, poorly dralned Nylvlei wetland, at _
appro:-.rmate!y 1,100 in above sea level, after which it flows through a wetland. - About 45 km
north west of Potgretersrus the Moga!akwena Rwer is Jomed by one of i its main trrbutanes the
Sterk River, and as it flows northwards it is fed by numerous small tnbutanes until it finally
ﬂows mto the erpopo River at approxrmately 600 m above sea level.

The Ohfants Rrver Basit is srtuatcd south of lhe Nyl Rlver Wrthm the OIrfants Rrver Basrn

“both the Wllge and Olifants Rivers risé at a height of between 1,200 m and 1,800 m above sea
level. To the cast, the: Wilge River rises near Devon on the Highveld and then flows ina
norlherly direction until its confluence with thé Olifants River, upstream of Loskop Dam. The
major tnbutanes of the Walge Rlver are the Bronkhorstsprurt Saalboomspru:t and Grootsprunt

The Ohfants Rwer nses to the east of the W:lge Rlver, at an alhlude of belwcen 1 200 m and
1,800 m above mean sea level “The' 'Olifants’ River is joined by the Tnchardtsprmt
o Steenkoo!sprult and the Rletsprurt ‘before its conﬂuence with the Klein-Olifants River of which

' :the Keeromspmrt anc! lhe Rretkullspmlt are the major trlbutanes 'After the confluence of the

| ".Ohl“ants Rrver wrth the Klem-Olrfants Rwer it rs ]omed by the thsprtnt and the erge Rwer |
réspectively.
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' Fo the nor1h oasi the OIIi‘ants Loskop ared is eneountcred mto which the Selons, Bloed and
Moscs rivers flow. This catchment inchides the Springbok Flats area (900 m to 1,200 ni above
sea level), in the north and the undulating Highveld (1,200 m {o 1,800 m above sea level) in thc
soulh

The Elands Rivér rises hear Kaztan and is smlatcd to the south-west of the Ohfanls—Loskop area.
The h}ands River flows in 4 northerly direction through hilly country for about 60 km, until it
reaches the Rust de Wmter Dam where it ums ina wesierly direction to :ts conﬂuence wilh the
Ohfants Rwer, just to the soulh of lhe Spnngbok Flats. :

2?..’.'!- Clrmate o

For the j purpose of considenng chmate lhe Sludy Area his been subdrvrded mto three reglons '
the westeri reglon {Crocodile Rivér Basm) the northeim region (Mogalakwena River Basin) and
 the castérn région (Olifants River Basin).' The Study Area is reviewed froni west to east for {he
purposes of ihls section of !he report,

224 Rainfall

Summer ramfall is predo;mnant in the Study Area Tlle westem region recewes most rainfall -
from November to February, and lhc norlhem and eastérn regrons réceive ramfall mairily l‘rom
October to March. -

The mean annual raml‘all in the wesl ranges from 50{} mm to 800 mm. In the nonhem reglon, :
the nican annual rainfatl decreases from 1,060 mm, at the Source of the Nyl River, to 170 mm
at the conﬂuence of the lepopo and Mogalakwena Rivers, On the eastern srde of the Study
Area, the’ mean annual rainfall ranges between 500 min and 800 mm. -

There are ovcr l 000 ramfall stailons Iocated wrlhm lhe Study Area how ever Table 2 1 provrdes ‘
'detalls of siX representahve statlons .

There is an increase in the o'cou'r'rence_ of frost from west to cast, with the west receiving little
frost ini'winter and lhe'east receiving f‘rOSt in the lo'w lying =area\s from May (o Se'pte'niber..

Hailstorms are common in the eastern reglon wrlh !yprea]!y four to seven rncrden!s occumng'
annually in any given tocation.

The annual evaporatron rate inéreases from 1,700 mm in the ¢ast to 2,240 mm in the wést. The
evaporation rate is higher in summer than in winter. Evaporahon is measured at 26 stations -
wrlhm the Study-Arca and Table 2- 2 shows a\ferage evaporahon al lhree reprcscntahve statrons

2.2.2 “Femperature

Average monthly texnperatures range from 8°C o 28°C in lhe wesi and 1 1°Cto 27°C m the east, :
The geeatest extremes in temperatire are expenenced in the westem’ “part of the Study Area,
where the temperature can fluctuate (‘rom -1 1°C to 40. 6°C Represenlalwe average temperatures
are reflected in Table 2-3.



2.2.3 Wi'nd

s dlrecllon, and occasmnally south eastcrly in winter. In the eastern region; the prevallmg wind-
direction is fron the south-cast. The representative average wind spced is reftected in Table 2-4.

23 En‘wronmental Seusnmty :

It is necessary to conslder the sensmvuy of the nalural em'tronment to water resources
development because of the mter-relatlonshlp between these factors within the river ecosyslem
Human aclivities can have major impacts on the ecological system, which in turii can resull in
changcs in lhe quality and quanhty of water available for water users,

: Therc are a num'ber of proclaimed nalure reserves and olher areas of specaal conservauon
1mp0rtance in thc Sludy Azea.

: The Magahcsberg Mounlam range from Pretoria to Rustenburg, has been deciarcd an area of
- special conservation importance in terrii of the Environmental Conservation Act of 1989, Act 73
'ofl989 :

The vegetat:on and wnldhfe of the Study Arca wnll be brleﬂy d:scussed be]ow _

2.4 Vegetat:on

. The wes{em reg:on of the Study Area is predommanlly bushveld, however the: central and

_norlhem reglons are represented by a variety of veld types, and the eastem rcgmn consnsts of
grasslands in the south and savanna in the north.

The wes{em reglon of thc Study Area 1s predommamly bushvcld wnh the followmg lrees
Acacia’ galpinii,- Acacia erioloba, Acacia nigrescens, Combrefum ‘imbrebe, Spirostachys
africana,” Scizemcmya caﬂ}a Lannea discolor and Ficus nataleisis. The other types of
vegétalion present in this region are Turf Thomiveld, (whlch is also present on the eastern side
of the Study Area oii the north western banks of the Elands Rivér), Kalahari Thomveld and
Sandy Grassveld. Turf Thoraveld is a naturatly opcn thornveld, which tends to thicken as a
resull of poor grazing prachces : :

Fulther easi, ‘Sour Bushveld is found in thc south westérn area of the Waterberg mountains, and |
along the south-western banks of the Nyl River. This veld type consists of an open savanna of
tall, stralght Faurea sahgna trees in a tall, tufted, wiry, sour grassveld in the less rocky areas and -
adense mixed bushveld in the mgged areas. Sour Bushveld is important for catchiment protection -
and a number of red data specles are endemic o it.

To lhc nonh easi Sounsh M:xed Bushveld is folmd along Nyl Rwer ﬂood plane, as we}l as on
 the castem side of the Study Area, at the confluence of the Olifants and Wilge rivers, where il

o 'borders ona neglsgnbiy small aréa of Mixed Bushveld. This veld typo occupies an jrregular belt

onthe lower slopes ¢ of motintaing, between the sour types (both grassveld and bushveld), and the
mixed types of the plams and valleys. Like the Sour Bushveld it is also an open savanna,



however the dominant tree type Is Acacia caffra, w ithin a faitly tal, dense grass vetd which is
dommated by Cymbopogan p!urmodas Themeda !rmndm Elionurus minicus and Hyparrhenia.

Funher northwards Mtxed Bushveld is present along the lower reaches of the Ny] Rwer and the
middle reaches of the Mogalakwena River. - Mixed Bushveld contaiis a mixture of
Temtmaha/Dtchapemhzm and tends to bé quttc dcnse thh siall trees. It usually occupies sandy :
plateaux and talley reglons : _

At the source of the Mogalakwena Rwer a vanety of veld typea are present North bast :
Mountain Sourveld, Springbok Flats Turf T homve!d and Pietersburg Plateau False Grassveld.
Spnngbok Flats Turf Thomveld is a naturally open thotveld, which tends to thicken up when
the grass cover is reduced by grazing mismanagemént, and Pictersburg Platéau Faise Grassveld

" is an open, clumpy Souiish Mixed Bushveld, with Amcm rehmanmana asits most common tree.

'And Sweét Bushveld i is present within the nuddle reaches of the Moga!akwena River ancl _|ust
' before the confluénce of the Linipopo and Mogalakwena ijers

: ln the far north of the Study Arca at thie conﬂuencc of the Mogalakwena and Ltmpopo chrs

: Mopam Veld is present Mopani Veld is a typically short, fairly dense growth of shrubby
' Colopkopermum mopane, which is usually associated with & number of other trees and shrubs’
“within a sparse and tufted grassveld. :

* Further cast Turf Highveld, whlch is.a pure’ grassveld type is encountered wuhm the southern
region of the Wilge River and the upper reaches of the Olifants River tribitarics; Stecnkoolcpmtt
and Trichardispruit, ‘Bankenveld, a false grassveld type, is found in the central regions of the
Wilge River catchment (covering a total of 70% of the entire catchment), the rhajority of the
* lower Olifants River catchrient; the south westem part of the Elands River catchment and i m the
- central reglons of the Olifants- Loskop area, : : :

.In the far eastem region’ in the vicinity of the Ofifants- Loskap area, North Eastern Sandy '
‘Highveld is encountered. Itisa vety dense veld type whichi is dommated by solir grass spemcs

2.5 : Threatened Plant Spec:es

“Threatened plant specms are found in the castof the Study Area, where there aré usually less than
10 threatened species present, excepl within the Wilge River catchinent, wheré 20 threatenéd

“plant species are found, The number of vulrierable plant speciés increases in the welter arcas at
the confluence of the Wilge River with the BronkhorstSprutt and Ohfants rivers, . '

2.6 Atlen chetatton and Bush Encroachment

The prescnce of aticn p]ant SpCCles has a number of senous ecologtcal 1mphcattons t‘or both
~ indigenous vegetation and the productton poténtial of the land,” The banks of rivers is the habitat "
which is most affected by the presenice of alien plant species. *Thé most sngmﬁcant of these alfen -
plant species are; .Sjvrmga the grey poplar (Popu!us cmzescens) and the gtant reed’ (Ar iindo
donax). : .
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3 In places where Syrmga is present it becomes the dominant canopy tree and is a sérious threat
to mdlgcnous rivering vegetation and the associated faina.

" The grey pprar occurs in dense thickets, which sUppress indigenous vegetation, as well as
blocking and narrowing river cours'es

The giant rced invades water courses and tends to go largely unioticed at the expense of the
mdlgenous riparian vcge!ahon

27 Wildlife
271 F;sh

Therc is ho data avaﬂable for the westem part of lhe Study Area. In the northcm and central '
' regions, 26 specnes of fish are present. Of these, 24 are indigénous and 2 have been infroduced.
Somie of the species found in this region include: Tilapid rendall, Tilapia sparmanii, Clarias
garrepnms Labeo cyhndnczrs and Barbus rrmmcuiam.s

Fuﬂher easlwards wnhm the Ohfams Rwer Basin, there are 61 fish specxes prcsent The Olr fants
River Basiii can be subdivided into the Wilge River and its tribularies, the Elands River and its
_ tnbutanes and the Bloed, Olifants and Moses Rivers and their tributaries.  The smallest number
of fish species is found in the Wilge River, where only 13 species occur, 4 of which are classified
as having the i maxinium sensitivity to environmental conditions and one (Barbus ‘argeifens,’
which is found in the Bronkhorstspmrl) is of special conservation concern.’ Within the Elands
‘River, 29 fish species arc found; 6 of which have maxinium scnsmvrty to environmental
conditions and one, namely Chrlogfams sweirstrai, is of special conservation concern as a result
of it-been habitat specific and confined to the fast ﬂowrng sections of streams over sandy or
pebbly beds. Wllhm the Bloed, Ohfams and Moses rivers, 44 fish species are found of whrch

9 have maxirinm sensrtwrly to envnromuemal condmons and one Chrloglmns sweirstrai, is of
specral consérvation concem : :

T he fish specres which have maximum sensnwrty to. envrronmental condmons include, Barbus
trimaculatus, Barbus pahra’mosus Tilapia sparmanu Clarias gariépintis (whlch depends on
raplds or well oxygenated water) and Cypmms carpio. o

Wrthm the Upper Ohfants Rlver, 17 ﬁsh Specres are found, § of which have maximum sensrtwrty
to environmental conditions. 'Of these, only Austroglanis selateri has been identified as'a
threatened specres

_ 2 7 2 Rephles and Amphrbrans

_ In the uorthem central regrons of the Sludy Area a vanety of rare and vuhrerabte reptrle and
: amphlbtan spec:es are found wnhm the Mosdene arca. :

Further eastwards in the Ohl‘ants Rwer Basm there are no endangcred repule or amphlbran
species within the Wilge River and Elands River regions. thm both the Upper Ohfants River
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‘ and the Olifants- Loskop Reach, fewer thaii § speeies of repu!es and amphlbrans have been
 classified as bemg endangered rare of vulnérable, In the Upper Olifants River region, theré has
been habitat destmctton as aresult of the deve)opment of agriculture,

There is nodata avanlable fo‘r the Weslern region of the Study Area.
2.1.3 - Manimals

A vanety of raré and vilnerable mammal speeres are found in lhe norlhem anid eentral reglons :
‘of the Study Arca. Within the Sterk River region, the tare and vulnerable species whichi are
encoumered include Cape hare, bushbables and leopard.

_Easlwards towards the Olifants River Basm a vanety of mairimal specres are enceunlered some
of which are noted as red data specres A breakdown of the lotal number of species and red data
species present within each region is shown in Table 2-5. :

At present, thére is no data dvailable for the westem rcgmn of lhe Sludy Area

The servat, hé hrppopotamus and the water rat are found w:lhm the Wllge Rwer region. These.'
species are of parficular imporiance as aresult of their aquatic habltats which are can be affected
by cither an increase or a decrease in river flow. -

There ar¢ 34 mammal species found in the Upper Oht‘anls Rwer area. 01“ these, only the
hedgehog, which has been classified as “rare” js  listed Red Data Spemes ‘

2.7.4 "Birds

In the tlro'rlher.ﬁ'and central regrdn’s of the Stddy Areéa over 300 bird s'pecres are found. Of these,
only 25 are Red Data species. Within the Sterk River cafchment, Speeles which are present
mclude the Peregrine falcon, Cape vulture and the black eagle

Further eastwards towards ihe Ollfants Rnrer catchment lt is ﬁ)und that the number of blrd'
speeles present in each regxon varies greally

The greatesl vanely of brrd specres are found near Selllers (350 specres) the Loskop Dam (3{)0
species) and the Wilge River (300 species). Elsewhere, the greatest vanety of bird species is
found near the Elands River (250 - 300 species), and.the lowést variely in the Upper Olifants
River (50 - 100 species). There are less than 5 Red Data’ species present in each reglon except
for the Upper Otifants River, where there are less than 10 Red Data species present

2.8 hcologlca! Flow Requirements |

' Although the need to allocate water resources ‘for mamtaming nvenne ecosystems is not at
present recogmsed in law; curcent practise is to take cognisance of the so-called Instream Flow -
Requirements (IFR), in-the plannmg and design of new water supply schemes.’ Proposcd
amendments to South. Afrrean water law atso give prommenee to the needs of Tiverine
ecosystcms _



'Dove!opment of the water tesourccs ofthe country dates back inore thari 70 yéars and in some

cases no consideration was given to JFR's. As a result; feleases from storage dams gencrally do
~ not include any allowarice for ecosystems and the résult has been unp!anned and uncontrolled
environmental 1mpact usually in'a negalive sense, sometimes resulting in serious damago which
is very costly to put right, if it is possrble at all.

Recent serious attempts to assess and fake dccount of TER's in new water resource development
pro;ecls include cases where the negative effects of past negléct of IFR’s affect the feasibility of -
new proposals toa degree which inakes theim non-viable. ‘In extreme cases, capital investiient
in new storage facilities would be necessary to meet modest” envrromnental managemcnt
: objoctwes without adding to the availability of water supplies.
Although not yet fully documented, there is strong evidence to show that the need to provrdo
streamflow downstream of éxisting and proposed storage dams, and 16 retain streamflow in
unregulated rivers, has a ﬂgmﬁcant effect on the quantity of waler whlch can be made available -
for domesirc use or for any ‘other purpose.

29 Envr ron mental Laws

‘Many orgamsatrons are actlvely engaged in, or have rosponsrbllrhes for planmng, management

local administration and dafa collection of natural resources in the Study Ared. The main Jaws
goveming lhese activities are as follows:

Enwronmental Conservatlon Act (Act No 73 of 1989): This law perlams to all aspccts of
development arid the environmient and basically prowdes for “the éffeclive prolechon and

controlled ulrllsatlon of 1ho etivironment". It niakes provrsron for:

- the protectron of ecologlcal processes, nalurai systems nalural heauty and the preservahon
of biotic dlversrty in the natural environment;

- the promotron of sus(amed utilisation of species and ocosystems and the effective applrcatlon
and re-use of natural » resources and , :

- the 'proteoti_on‘ of the envlromnent agams"t disturbance, defacenient, poisoning and destruction.
!t al!ows for

e the protechon of the natural envrronment 1f it will promolo tho presorvallon of ecologlcal
processes, natural systems, natiral beauty or mdrgenous species, or biotic diversity in

general

- "the deciaranon of any area as a spcolal Nature Reserve oras a lnmled dovelopmcnt arca for
. lhe purposos of protcchon of the envrronmont land or water resources; and

e lhe ldentrﬁcatlon of any actwrly wh1ch may delnmentally affect the envrronmenl mcludmg

Water use and dlsposal and may require that an Envirorimental Impact Assessment (BIA) is
' 'conductod for any achvrty identified above. - _ , '
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:Allhough it has the potentlal to be tmmensely powerfu! a iack of regulahons S0 far makes this-
Actincffective. This law was rewritten and published in 1982 as No 100 of 1982 Envi ronmental
Conservation Act, 1982. Implementcd by the DEA. _

Mountain Catchment Areas Act (Act No 63 of 1970) and the Mountain Catchment Areas
Amendment Acts (Acts No 41 of 1976 and 76 of 1981)

These acts prov1de for. lhe "consewalwn use, managemenl and control of land sutuated in’
‘motintain catchment areas”, and are of particular relevance to water resources managemenl

However, no areas within the Study Arca are listed and thus the Act is currently 1rrclevant to this
Study Implemented by the DEA Co o

(,onservation of Agrzcuitural Resources Act (Act No 43 ol‘ 1983)

This act prowdcs for "control over the utlhsahon of thc natural agncultural resources of Sotith
Aftica to promiote soil, wafer and ‘vegetation conservation and combal weeds and invader
species” and is thus importaiit as far as any development which | may affect the végetation and
agncu!lural potentlal of an area, in¢luding water fesourees, is conccmed Implemcnted by the
Department of Agriculture. -

Weeds Act No 42 of 1937 as amended by Acts No 2 of 1939 No 50 of 1952 and No 32 of
]964 aid No 74 of 1969

This Act prowdes fo'r the eradication of such plants as may be declared to be weeds by

proclamatron of the State President (formerly the Govemor-General). A duty is placed on the

occupier or owrier of land to eradicate such weeds. Previous to the passing of Act No 50 0f 1952

(Section 4), the cxtlrpatlon of noxious weeds was under the control of the Provincial Councils.

- The Jointed Cactus Eradication Act, No 52 0f 1934, was repealed by the Weeds Amendment Act,
‘No 32 of 1964 and jomled cactus is now dealt with under lhe Weeds Act,

Water Act Act 54 of 1956 and amcndments

Relates to th‘e poliution of the 'environmenl and is discussed in another seclion |

These are not the only laws relalmg to the envnromnenl and many laws and bye-laws are at’
present being rewritten however they serve as a guide to the variety of relevant laws lmp]emcntcd
by different Govemment Depanments and illustrate the complexlty of env:ronmcnla] law
enforcement. : o

2.10 ‘Environmetal Managémcnt

. Enwrmnncma] management is done ona provmcral basis and the followmg isa ]iSf of mstllunons
involved in the Study Area: '

2-8



- Gauteng (Mr S Furrey)

T he Drrector

Nature Conservation

 Private Bag X209
PRETORIA

0001

‘North Wés‘t Provirice: (MrP van Rooyen) - -

Thé Director
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PO Box 4303

BRITS

0250

Mpumalanga (Dr G Baichelor)

The D1rector

Environniental Managerent
Private Bag 11233
NELSPRUIT

1200

211" Geology
2.11.1 Lithology

The lrthologxes represented in the Study Area comprnse a wide variety of sedlmentary, igncous
and melamorphlc rock types. These spana geologlcal history of some 3,500 million years, the
_ oldest ‘being. represented by unnamed gneiss and migmatites’ formed towards the end of the
Swazian Erathem and the youngesi by Qualemary alluvium, sand and calerete formed less than
18 million years ago.  Other chronologlcat penods of significance aré recogmsed as ‘the
followmg : :

() Between approx;mately 2 300 and 2 100 mllllOIl yeare. ago, dunng Ihe Vaahan Erathem,
when' the Chumespoorl Pretoria and Rooiberg Group rocks as well as the Bushveld
Complex were formed _ :

() o Around 1 300 mllhon years ago, dunng the Mokollan Erathem, when the alkalme
S intrusive Complcxes such as P:lanesberg were fonned and : .

: Q) 'Belween 345 and l90 mdllon years ago durmg the late Palaeorolc and early Mesozmc-

" Frathéms, when the Eéca Group shales, the Clarens and lmgasre Formation sedlments
and the Letaba Formation basalt s were l‘onned : C



.A broad subdwls:on of‘ the major geological formahons is presented in Table 2 6 togelher with -

a bnef description of the rock types relevant to each and statistics perlammg to their surface
extent. Note that the order of their listing from top to bottom mirrors their’ chronosiraugraphic
relationship to one another from youngest to oldest,

2.1 1.2 Structural Geology

The structural gcology of thé Study Area is characlensod by numerous large scale featuros stich
as the regionally exténsive Bushveld Complex and the smaller ring-like P;lanesberg Complex, -
an alkaling intrusive. More specific to the groundwater regime, howevér, are smaller siructural
featuires such as linedr fault zones and dyke intrusions. :

Subsequent to the solid)ﬁcauon of rocks emplaccd during the fmal phase of i 1gneous ac(wnty.
associated with the Bushveld Comptlex, tensional conditions in the earth’s crust led to the
' development of normal faults in the westemn part of the Study Area. The strike of these features
is mainly north-northwest. - ‘The Rustenbiirg fault represents one such structure. Others are
~ recognised in the vicinity of the Crocodile River between Thabazimbi and Brits. The existence
of these rcglonal scale features points to the hkely existence of many more such bul smaller,
features. " An inspection of the 1:250,000 and 1:50,000 scale geologlcal maps confirms this.

These structures offer preferred targels for the siting of successful water supply borehioles.

In(rusions of § yenite and diabase charactense the dyko structures, which are of pre-Karoo age.

The Pilanesberg swanm of north-northwest trending dykes are rcpresenlahve of these intrusions.

They are characterised by their generally negalive magnetic signatures relative to those of the

: surroundmg country rock (Day, 1980), - These structures generally ¢ constitute miportant largets
for the siting of successful boreholes in the Study Area.

2. ll 3 Economio‘ Geology

' The economic geology of the Study Area is characlensed by a rlch assemblagc of :mnerals

According to Coetzee (1976), these range from precious metals (the non-ferrous platinam-group

“nietals, gold copper and lead), to basic metallic: minerals (the ferrous ‘minerals chrome,
manganese, iron, molybdenum and nickel), to non-metallic minerals (kaohn dimension stong,
wollastonite, limestone, phosphate, glass sand, fire clay and road bulldmg malenals) The

* mineral wealth of the Study ‘Area is exploited by both larger scale mining operations, ¢entred on

the extraction of the more valuable minerals such as thie platinum-group metals; chrome and fron -

ore, and smaller opérations such as those producmg dimensmn stone.

2,12 Surl‘ace Water Quahty
2.12.1¢ Imroducnon

South Afnca isa water deﬁcnent counlry lhereforo the Water Act (1956) reqmres that efﬂuenl
be treated and retumed to the water course from which it was abstracted. As a result of this
praclise, salination, polluhon and eulroplncahon occur and the quality of | many water sources in
the Study Area is declining. - The urban areas of Pretoria, northern Yohannesburg’ and the
surrounding communities are located i m the upper catchments of the Cracodile and Olifants river
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systems whrch ﬂow lhrou gh the Study Area and asa resuIt any of the sewage lrealment works
~serving these communities are focated just utside or just within the southern fringe of the Study
Area and discharge into watercourses which in tum feed most of the targe 1mpoundmg TESEIVOIrs.
therein.

In the pen—urban and rural parts of the Study Arca, partreularly in the north and east poor

sanitation comprising the use of pit {alrines of othér low-flow sanitation options is wrdespread

. Thishasa parlrcularly adveree effect on groundwater quahly which is discussed in more detail

elsewhere. The use of oxndat:on ponds without mixers is praetlced Avithii the Stidy Area

: however slnct criteria govcmmg the design and operahon of such facilities are intended to

“prévent any srgmfrcant impact on groundwater or surfacé water quality. -Current legislation
permits the use of such poids for efﬂuent ﬂows of !ess thah 750 m’fd

' Mmmg operatlons are wrdespread wrthm the Study Area and the level of trealment of Ilqmd
‘waste from mining opéeration varies considerably. Such treatment faelhtles are often designed,
cotistiucted and operated by, or under the supervisron of, mining engineers rather than specialists
in wastewater engineering.’ However DWAF applies the same effluent quality. standards to
mining faellmes as for other ifdustrial operauons and enforccmenl nieasures are taken against
those eausmg sérious pollution. -

2.12. 2 Salin:aiiorl'

Nalural sahnahon of water sources is recogmzed asa problem mtematronally in arid and semi-
arid regions. ‘This natural problem has been exacerbated by urbanization and industrialization.

Waler is a scarce resource in South Afnea therefore indirect reuse of water is widely practiced -
~ and retam flows are a vital water resource in the Study Area. T here arc various degrecs of
salinily above which waler becomes unsuitable for use for potable water supply, industry-and
agriculture. ‘Although' the WHO (1984) drinking water goidelines specify 1,000 mg/l TDS,

possible adverse health effects from potable. water with- high TDS will depend on the
eoncenlrallon of mdwrdual constituents. - In the casé of mdustry, different sectors will have
different maximum values of DS above whiich théy cannot use the water without {urther
{trealmént and the level of certain e!emenis will have major economic rmphcalrons for certain
‘indystrics such as mineral - processing. . -The problem is compounded ‘when desalination
techniquies. such as ion exchange are used by industry and a concentrated bring waste is
- generated, It is necessary to estabhsh controls for the safe disposal of such brines to prevent
“further salination of water sources. For agncul(ure the provallmg soil conditions and the crop
concemed wn!l determme what levei of TDS can be tolerated for irrigation.

"_'Mrugauon measures curremly used mclude blendmg usmg a secohd source and the use of the ';

- -river chainel for'returs flows white water for primary use downstream is carrled in a canal (such !
as the oné from Roodeplaat Dam wlneh supplres the water treatment works at Wallmannsthal and -
Temba) :
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2.12. 3 Pollutton Preventlon Control Measurcs

Effluent stand'rrds were mtroducod in South Aﬁrca l‘or the ﬁrst ttme in the Water Act 1956 The ‘
treatment of any water resulting from industrial use is obligatory and three types of standards are
currently applreahle

Gcncral Standard (applled umversally},
- Specral Standard (for spectﬁed streams), and
- Speora] Standard for Phosphorous (l‘or sensrtwe catchments)

The requrrements apply only to physrcal and chemtcal (but not blologrcal) paramcters The _
_ po]luhon preventron pollcy has been fommlated prtmanly ofi the polluter pays pnncrple

In addition to these standards DWAF has establtshed water quallty gutdelmes for various uses
based on the Reteiving Water Quatity Ob_l ective (RWQO) approach 10 ensure that waler rémains
fit for use by downstrear users. Thisis done by i imposing stricter standards than the general

' requiréments where riecessary due to local conditions. Caichments studies for the Olifanis and

Crocodile basins include gurdelmes for critical parameters.

Inthe long tcnn surface water’ qualrty in Study Area wnll continue to déteriorate as the volume
“of return flows and urban ruioff increase, with urbanization and with the expansion of water
supply and sewerage systems, whilé the natural runoff will decrease. The rate of deterioration
“will largely depend on activities south of the Study Area, which will be the origin of much of the’
return flows, and will be of great significance to downstream users, particularly for primary’use.
The development of water guality models as a tool for mtegrated catchment management is
strongly recommended, ' : :

The long term trend of detenoratmg water quahty in thc Study Area w1lt have a slgmﬁcautr

'lmpact on MW as treatment costs and possrbly the level of trcatment rcqurred are likely to
~ incréase. ‘The need to use powdered actwated carbon wrll become more frequent and at sorie -
point in the future, probably beyond the target date of 2015, it rnay be necessary to mtmduce a
funher stage of treatment such as GAC absorbers.

2124 Eutrophrcatron of Surt‘ace Water
Eutrophtc water 15 that wluch contams suﬂrcrent nutnent materral (mtrogen and phosphorous in
the context of water supply), to support prohﬁc growth of aquati¢ plants.’ The problems caused
.- by eutrophication are numerous and are deseribéd in detail in “Mauagement of Waler Resources
of the Republic of South Africa” published by the Depanment of Water Affairs in 1986. '
n the context of the Study Area, these problcms mclude

- mcreased treatmeut ¢ost, (addrttonal process stages such as nucroscreens and DAF aud

additional ¢hémicals, sich as powdered activatéd carbon,. are necessary- for effective
treatment at watcr works such as Wallmannsthal 'i‘emba Kudube, Bnts elc. ), :
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. control of algal growth is necessary in rmgahon canals (as for the Hartbeesport aind Loskop
' schenies); _ _

- control of algac i is necessary in the storage feservoirs to enable rccreatronal actlvmes to
confinue;

- loss of aesthetlc appeatance whlch in tuim affects the value of properttes located close to
water bodtes (lake—snde homes, leisure related busmesses elc. ) and -

- adverse heallh 1mpact ori ﬁsh ltvestock pets and possrbly humans

It is esttmated thal 80 to 90% of nutnenls in water souices or1gmate from pomt ‘sources.
Therefore; in order to control nuirient levels in an effort to reduce eutrophlcatron the South
Afiican Governmient introduced a phosphate standard of 1.0 mg/l soluble orthophosphate as P~
for effluents dtscharged in seven critically sensitive catchiments. The standard was introduced
in 1980 and full implementation was required by 1985.  Two of these seven critically senisitive
areas fall withiii the “tudy Area: the Picnaars and Crocodile rivers upstream of their confluence
and the Olifants Rwer upstrean of Loskop Dam. Together these catchments comprise more than
half of the Study Area, :

ﬁAlthough there is not consenstts amion gst hmnologrsts concemmg the nutnent ‘conceiilrations
‘above which eutroplucatlon takes place, it is informative to assume sore such levels in order to
‘assess the vulnerability of stored water in the Study Area lo eutrophication. General features of
a entrophic lake and of an origofrophic lake were described by Okada (JICA Text) and levels of
nutrients above which eutrophic ¢ characteristics are exhibited were greater than 0.2 m g/ for total
mtrogcn and greater than 0.02 mg/} for total phosphorous ‘

’l‘able 2 7 shows data from the DWAF database whlch was revlewed for the pumpose of analyzmg
the surface waler quality within the Study Area. The values whtch exceed the above levels of
nitrogen and phosphorous are underlmed :

'Although the parameters réviewed (mtrate!mtnte and phosphate concentratlons) do not fully
répresent the total nitrogen and total phosphoreus concentrations, the analysis below does
mdtcate reservoirs where eutrophrcatlon is l|kely to occur. - - :

_ The table mdlcates that based on average mtratefmtnte and phosphate concentratlons the mtrogen
and phosphorous levels exceed or are approaching (he nutrient levels requrred for eutrophication
to take. place at many locatlons Algae does cause problems at many of the water trealment
) works S

2, 12 S Exrslmg Surface Water Quahty

_ In Order to make an aSsessment of the condmons prevaxlmg inthe nvers and raw waler reservoirs
within the Study Area, use was made of inforthation from the. water quality database of DWAF
. Representattve points weie setected from all of the survey stations within the Study Area. The -
loeattons selected included all tmpoundmg reservmrs, mtermedlate stations, when avatlable,
located on the watercourscs between such reservoir$, and such additional potnts as were
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necessary to provide an overa]l pzcture of water. qualrty in the major Tivers. Recent data was
“analyzed statistically and the resulis are sumimarized in Tables 2-8 and 2-9.° The detailed data
obtamed from DWAF is included in Pait C of the Data Book

It should be noted that the p'enod and frequenoy of somphng was nol necessarily the same-at all
stations. This is especially tiue of the rivers, some of which are also subject to considerable flow
variation.- Unfortunately for some slations no flow data is avaitable for correlation with water
quality. ‘The absénce of data for metals for most stations, ospeczally iron and aluminium, is
unfortunate as the lcvels of thcse paramctcrs is nnportant in assessmg treatmcnt process
suiitability. :

]u addrtron to the mformalron obtamed from DWAF samplmg and analysrs was camed out
under the supervrsron ‘of the Study Team to investigate the quality of water bemg consumed
'water freatment works performanéé and the qualrly of potentral new raw water sources within
the Study Area. The sampling was carried out in two stagcs aiid the repoﬂs are included in Part
E of the Data Book :

2.12.6 Suiiab'ility of Surface Water ro‘f Treatment

In order fo derive possrblc raw water quality criteria for treatabrhty of water for domesuc use,

a technique proposed in a paper pubhshe{l in 1988 by the Hydrological Research’ Institute of

: _DWAF “Water Quality Objechves for Raw Watér for Potable Use” (PL, Kempster and HR Van

© Vliet), was used which proposes the followmg {hiree relatronshrps to relate raw water quality to
the water quality standards recommended in SABS 241-1984 "Spec;ﬁcauon for Water for

- Domestic Supplies”. ‘The approach secks to take into account the variability of raw water quahty

and the effectiveness of the treatment process for each parameter, The relationships proposed

are;

P ﬁR xr‘
M x f
,m—fo

: where P50 is lhe 50% non excecdence pcrccnhle, Py thc 90% nion cxceodencc percenirle Piy the
100% limit, fis a purification removal correction factor determined for each paramcter and R,
the Recommended limit in SABS 241, M,; the Maximum allowable limit in SABS 241 and Q
the “Crisis limit” proposed in the NIWR cnteria (“Proposed aesthetic / physical and inorganic

: dnnkmg waler criteria for the Republic of South Africa”, Kempster’ and Smith, 1985), as there -
is no equivalent criteria in SABS 241, Table 2-10 below is reproduced from the 1988 paper and
~ shows the above levels for each parameter The data obtained from DWAF and summarised in

" Tables 2-8 and 2-9 was assesscd with respect to the values shown in Table 2 10

In the main, the data indicates thal watcr qu alriy is surtable for convcntronal lreatmcnt it must -
be noted however that the parameters considered are limited and soime koy parameters are not
included as data was not available froin the database (e g 1ron manganese fotal phosphorous,
~ total nitrogen etc ). ‘ .

With respe'ct to impmmdéd water, exceedance of the above values was mainly with fespect to
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: TDS whlch éxceeded the P, level al Roodekopjes Dam, Bospoort Dam and Leeukral Dam. At

" Olifantsnek the Pso level for pH was also marginally excceded. ‘The TDS levels which are in

-~ excess of the Py, level by about 10% ail fall well within the WHO recommended level of 1,000
'mg/l and do not present a problcm

A snmlar trend ¢an be seen in the rivers with TDS levels in excess of lhc P, figure in the
Crocodile River at Crocodilepoot, Vaalkop and Hatrdekoolbult. The Py, Pos and Py, levels for
nitrates and mtntes are cxcecded in the Crocodﬂe River at Kalkheuwal.

' Although not in exceedance of ihe gmdclme levels i  the above table, ttic level of ﬂuondes in
the Moses River at Untspannmg and in the Elanids River al Weltevreden, (both in the extreme
‘north-cast of the Study Area), and in Vaalkop Dari sortietimes exceed the recomimended limit
of 1.0 mg/l hence care must be taken to énsure that if this water is treated, that the le\fel of
fluorides present i the raw water is reduced. :

213 Water Quality Standards

The South Afman Water Qualnty Guidelines (1993) published by DWAF govern water quality
and will comprise eight volumes as shown below.

Volume L: Domestic Use
- Volume 2: Recreational Use

Volume 3: Industrial Use’
Volume 4: Agricultural Use

+ Volume 5: Natural Environment
Vohime 6: Integrated Manual -

~ Volume 7: Estuarine _
Volume 8: Coastal and Marine Environtient

Only volumes | to 4 have been pubhshed to date, the first five will relate to inland surface water

 and groundwater A revision of Volume 1 which relates to domestic use is due to be issued

shortly. It niust be noted that comptiance with these Guidelines is not mandatory and éannot be
enforced nor does non- comphance warrant pumuvc measures. The 1993 edition of Volume 1:

- Domestic Use, was based on South African Standards 241-1984 “Specification for Water for
Domestic Supplies” where apphcablc and reference was also made to standards used in other
coiinlries. SABS 241 specifies a “Recommended Maximum Limit” and a *Maximum Altowable
Limit” for various physlcal chemical and bacteriological parameters. :

The parametcr:. mcluded in Volume 1 of the Gmdelmes differ from those in SABS 241; some
- parametera are included in the Guidelinés but not included in SABS 241 and vise versa. For each
parameter mformauon is glven on:

- the occuence of lhe substance in'the natural ehvironment
= -'standards used in ‘other countries S
s background information -
~ inter-dependence with 6ther constltuems and properues
-~ interpretation of measutements.
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For a series of diflerem ranges of conccnlrahons, the possablc health cf fects ancl lreatment
options are descnbed for ¢ach substance and a targel guideline range is indicated.

In the event that lhe Water Quallty Gundehncs do not refer to a parlicular constitiient, then it is

recommended ihat referenice be made to the drinking water quality criteria of the Departmient of

National Health and Populallon Developrient (Aucamp and Vivier, 1990) In thesé critéria, three
levels are specificd for each constituent of which the two most oncrous, “Maximum Level for -
No Risk” and “Maximum Level for Insngmﬁeant Risk™, ‘arc broadly ‘the same as the

Recommended leit and Maxmmm Allowable Lmnt Speciﬁed in SABS 241 -

In Table 2 8] the guldelme levels m SABS 241 and Volume 1 the Water Quahly Gmdelmes and

the Department of National Health and Population Development critéria are shown for
companson putposes with WHO, Japanese and EU water quality standards
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Table2-1: Mo:iilily Average Rainfall for Representative Rainfall Stations

" Monthly Average Rainfall (nim)

Station | Station - | Period of | Jan | Feb {Mar | Apr |May| Jun | Jul | Aug | Sep | Oct | Nov | Dec | Total

No Records N
0591538 [ntarbichatn | 1938 |- 8s] 7s| 49 38| 8| 5| i} 4| 7| 44| so| 05| s0
, Bl AV ‘ s
osis412 |wibaok | 1956- | 10| 89| ss| a2] 12| 6| 4 s8] 25] 6 12| 1] 934

: © 1996 ' : ' '
0589 503A | Warnbahs | 1931 [ 120| ‘84| 2| 37l 9| 6| 2| s| “w6| ss| sei] 124] si0
' 1996 '
0513285 |Pretoria ' | 1916 | 36| ‘75| ‘s2| ‘st i3] 2| 3| 6| 22| u| esfiro] em
: 1996
0548 165 {Pitancsverg | 1995 | 78| 7| ss| 38| | 12} 3| 5| 2s] s7] 1] 10s] 4is
1986 - '
0511524 |Rustenburg | 1918~ | 144| 103[ 95| s6| ] 4| 2| 8] 24| s8] w0f 114] 719
199 :
- Table2-2:  Average Evaporation
"Average Evaporation {mm)

St_alio:‘n".' Jan’ Feb | Mar ‘Ap'i. i\lay Jun | ol Aug ‘Se;‘S' oct | Nov | Dee | Totel
warmbaths | 229| 187|186 143 13a| awr| wae| was) 29| 252|232 10s| 2250
Pretoria | 19s| “17s| t6t] 114] 98| da| . 83| 120f 152 200 81| 10s| 1,746
Pilanesberg | 265] 241|202 17| vss| wis] umi| - ins| 2r0| 238| w36| 12s] 2497
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~ Tabte 2-3: -Ave"ra'gé.Tcinper:_aturcs

. _ Average 'l"'emp'er‘ati;rey(ﬁC)_
MSta‘tion. | gan | Feb | Mar Apr | May | Jun | Jul | Avg sep | 0ct | Nov | Dec
Marbichatli | 254 | 250 237 | 202 | 162 127 | 128 'l_s._‘.r _:»_o.-;f. 2_2:..6 235 ’24.3
Warmbaths - | 235 [ 23.0°] 2t5 [ 187 | 152 :'12._0' 12 | 15| 19 "2:1‘.4' 02 239
Preoia | 230 226 | 208 | 82 | tas Vins [ 120 [ 14| 1gs | 204 | 204 224
pitancsberg | 283 [2d5 | 232 [ 197 | w9l 22 |22 [ asa | a8s | 22| 235 | 204
Table2-4: = Representative 'A\’erage"V-inil Spééd
_ Ai.'e.mge: \Yind Speed {m/s) :

Statlon | Jan Fei_;" Mar Apr | May | Jun’ Jar | Aug | Sep: Oct-| Nov | Dee
Wannbaths | 31| 26| 27| 26| 2s| 25| 26| 29| 33| 36| 33 3;1
Pretoria 20| 26| 24| 24| 24| 26| 26| 32| 23| 33| 29| 23
pitanesberg | 29 | 32! sal 3ol 27| 32| 32| 38| osa|iss| 8| 34
Téble’ 2-5: - Mammal Species Present Within the Olifants River Basin
Region Total Ne of .‘i"quai No of Vulnerable © Rare !h’zie(enn'i‘na!.e
: Species | Red Pala

Species
Wilge River 44 9 . 3 5 A 1
Elinds River 63 14 4 8 2
Bioed, Olifants and Moses. 57 5 3 2 -
Rivers
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Table2:6: Diﬁiﬁ_bt‘liio'n of the Majo Geological Formations

Major Geologikal Foraations / Rock Type k Suri’aée_ Extent
' ' Area Percentage of
. _ _ _ tkm?) Tolal
1. Quaterary Sediments (attuvium, sand, calerete) 903 3
2. Letaba Formation (basah) 496 2
3. lrngas:chla:cns Formations (sandslone, sx[lstone, mudstone) _2,!60' .8
4, EecaGroup (shale} 1,468 s
5, D“}kaTtlhthonnauon (tllhtc, dqamicmc) 475 - 2
6. Basic lntmsa\eRocks and Alkahne Complcxes (foyalle syenite} 2,939 11
17:.'\\’ate:berg Group (cands!onc] 730 3
8. Lebowa Granite ‘Suite (hornblende and b:ome granﬁes) 4,694 17
9. 'Bushve!d Comp]e'( (gabbm norité; anorlhos:tc) 5,200 . 19
10. Rooiberg Group (porphyritic and anygdaloidal rh)ohtc) | 1,449 5
11, Pr_etona Group (quartzlte, shale) _ 16,122 22
12 Chunlespooit Group (dotomite, chert, quaitzite) 664 2
-13. Unnamed Swazian Rocks (gneiss, migmatite) 20 ]
Total 27,320 100
I‘able 2-7: Vulnerébilily of Raw Water Storage Reservoirs to Eutrophication
: Name of Ra“ Water Avérage Concentration {mg/l). " Water T_reélment_ Works . ..
Storage Resenoir : - .+ Using Raw Water
NO/NO; “Ortho- .
o _ asN PO, as P
Bon Accord Damon ApiesRiver 0.47 L0024 | ,
Hartbéespoort Dam on Crocodile River 180 0.02% Brits WTW
Rietvlei Dam on Hennops River .01 L ] T
Roodep!aat Dam o Pienaars River _..083 770263 - [Wallmannsthal, Temba WTW
Lindleysoort Dam on Eiands River : 039 0033 1. _
Koszer Dam on Koster River - 3 OBt “0.025 - |Koster WTW
th\ oor Dam on Pienaars River - o © 008 0331
Roodekopjcs Dam on Crocodile Rn.er o S04 Y TV A N
: Bospoorl Dam on l{et Rner : ' - 016 S 0214 Bospoorl WTW
Wirmbath Dam on Buffels Spnnt 1 008 LI
: Vaalkop Dam on Elands River . o 0,028 .. |VYaalkop WTW
Leukraal Dam on Ap:cs Rner - f . 3.08 1338 Kudube WTW-
Buﬁ‘cispoorl Dam on Slcrksuoom River | 005 0014 '
Olifanisnek Dam on Hex River -~ ..~ A 0039 . : . :
: Sv»ansruggcns Dam on Elands Rncr o038 0.040 . {Swarlsruggens WTW
_ LoskoPDamonOhfaalsRner R - | 00T 0.032 o S
- |Rust de Winter Dam ¢n Elands River. .. < | .. 0.14 0018 (Weltervreden WTW)
.. | Rbznosterkop Pani on F_Iands, River B E 015 0613 Weltervreden WTW -
- |Bronkhorstpruit Dam on Bronkhorstpruit 0.12 0.019 JBronkhorstprull WTW (Cu!lma.n WTW)
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‘Table 2-10:  Value of Pavameters for Assessing Raw Water Quality
_ Déterminant f Py Py Prea

Turbidity NS NS NS NS
Colour NS NS NS NS
Taste NS NS NS NS
Odour (ON) 2 2 10 NS
oH . . 609 551095 4to 11
Conductivity {mS/m) ] 70 300 400
TDS (mg/h) i 500 | 2000 2700
Total Hardniess (nigl Ca CO;) | 2010 300 - " 650 1300
Magnesium (/) 1 70 100 200
Sadium (mgA) i 100 400 800
Suiphate(mg/i} I 200 - 600 1200
Nitrite / Nitrate (mg/} 1 {var) 6 16 (8% 20°(10%
Flueride{mg/1) } 1.5 -3
Arsenic(mg/l) 1 0.1 . 03 0.6
Cadmivm(mg/l) 2y 0.015(0.022) 0.02° (0.04)* 0.04¢(0.08)
Copper(nig/) 1 0.5 1.0 2.0
Cyanide(ing/1) P 0.2 0.3 0.6

~ |iron{mgA) 5 0.5 TS5 10
i.ead {mgA) 3 “0.15 0.3 0.6
Manganese (mg/l} 2 0.1 220 . 4.0
Mereury (mg/l) 1 0.05 0.010 0020
Phenols (mg/1) 2 0.010 0.020 0.080
Selenium (mg/) 2 0.040 0.1¢ ‘ 0:_20
Colifosmas NS NS NS NS

~ |Atuminium NS NS NS NS
Amnxoﬁia {mg/l N} | ] 2 4

|cateivm NS NS NS NS

Source: “_W_aicr Quality Ob}ecti\‘és for Raw Water for Potable Use™, DWAF Hydrological Research Inslithte, PL
Kerpster and HR Van Viiet (1988) :

Notes: ‘ _
a = Nol specified ¢ = acidic pH walers
b = odour number g = alkaline pH or turbid walers

¢ = small community users
d = large community users
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' CHAPTER 3 $OCIO-ECONOMIC CONDITIONS
3.1 Intvoduction
In order to serve as a basis for populatidh estimates and future setvice levels, and thus primary
~ water demand, a desk top overview of socio-economic conditions in ihie Study Area was conducted.
_Given the recent integration of prckusly independent Bophuthatswana districts with the areas
formerly administeréd by Soiith Africa, the databases used differ from area to area. While cvery -

effoit was made to achicve direct comparison of these statistics, this was not always possible with

' respect to cither the level of detail, data clasmﬁcanon or avanlablhty

Socm -economic data was collected by magisterial district for the 20 districts whlch are located in
the 4 provinces covered by the Study Area as shownii in Table 3-1.

3.2 Data Seurces and Methodology

Questionnaires were prepared and sent to all local authioritics, district councils and governmient
departmients; the response was so poor however, despite follow up, that this method was abandoned
and direct data collection from published sources was resorted to. Known sources were nelworked
in order to obtain copies of alt source documents / computer files. Data was then caplured on Excel
spreadsheets and re-arranged into areéporting format. :
Details of the data sources utilised are as follows:

32.1 Central Statistics Services Census Data

(D Previoils RSA 'admi'nislered areas and previous KwaNdebele administered areas. -

1980 and 1991 census reports which give popu}atmn per maglstenal dnstnct and only
classified population as urban and non—urban for selected larger towns.

(2}  Previously Bo’phuthatswana admnuslered areas :

1985 - 1991 Bophulhalswana census reports which give scparate data per wllage for most
vnllages

3 ‘2 2 Saldru Report by Umversniy of Cape Towa on Pcveﬁy
‘Gives poverty md:eators based on speclﬁc case studies.
323 Bureau for Market Researeh

Reporis on household income anid expenditure based on selected case studies.
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3.2.4 Dével(jpméntiBank' of South Africa (DBSA) -

The DBSA’ stirvey reports on poﬁhialion, watér supply, sanitation and incémie.-
3.2.5 Escom NELF Databése
The database includes information oii 'population; water supply, sanitation and income.
126 Centic for Developntent Entemﬁge |
Demog'rapfaic models for 1995 areiavaiiiat;lc.

3.2.7 Depatttent of National .Hec;ilth and Poiﬁu'lalio'ii Development

The Departmerit has 1994 repoits on sanitation and subsistence facilities.
3.2.8 © Setplan

Setplan have‘.].).ro.ducéd various pléiining réponé for studies it the Stﬁdy Area.
'3.-2.9 Mab Sources |

EVN Consultams GIS maps ,
Chief Director Surveys and Mapping 1:50 000 and 1 250 000 scalc maps

3.2.10 Acrial Photography

1:50, 000 aenal photography (1995) was accessed in order to update village, footprmts.
33 Major Socm-Economic Indicators

331 -Populé_tion'

(1) Introduction

Since 1990 South Africa has seen unprecedented demographic shifis in the population
arising from migration away from rural areas and rapid migration into the urban centres
-and surrounding peri-urban areas. The JICA Study Area, located immediately adjacent
~ to the PWV area (which is the cconomic heartland of the country), has been directly
impacted by these changes. Some studies indicate that population growth rates in recent -

- years have been as lugh as 26 % per annum in some peri-urban setilements.

~ Inthe Urban Developmenl Strategy and the Rural Deveiopment Strategy publlshed in the
‘Government Gazeite inn November 1995 it was forecast that 75 % of the nationat -

population will be urbanized by the year 2020 ( compared to the present level of 38 %).

- DBSA also views that the novement of population to melropolitan and other urban areas

canbe expected to continue, and that the rural population wnll proba‘hly not increase and

may even s;gmﬁcamly decyease.
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For the JICA Study it is envisaged that whilst moveinient of the rural population fmm
outside the Study Area to' Soshanguve, Wonderboom, Brits, Moretele 1 and Odi 1 will
continue, fess significant numbers of the rural population living Within the Study Area
will move out to the PWV and to other urban areas. The overall growth rate of the
population in the Study Area will therefore remain slightly higher than the national
natural growth rate which is 2.3 %. ‘

Pdpulatibn b’as’e]ine'dala

For the purposc 6f the population projection, data from exlstmg information sources was
collected and caplured in a dalabase. To obtain Stidy Area wide seltlement specific
populallon data, the following sources were referenced :

(a) 1991 Census of South Africa and Bophulhatswana
(b) 1993 NELF database
(c) 1994 DBSA databasc
(d) 1995 CDE database -

Although ad-hoc settleriient specific population studies have been undertaken in the

" Study Aréa, they are insuflicient to bulld -up an overall picture for the Study Area,

.As the \IELF DBSA and CDE databascs were all constructed from 1991 census
statistics, the 1991 census data was also adopted for the JICA Study as the best available
Study Area wide settlement specific population baseline data. _

Consohdated database of populahon

From lhe above information sources, a’ consolidated database of comparalm, statistics
by seltlement was compiled (see Part A-1 of the Databook) for cross-referenice purposes.
Data was co!lecled by maglstenal district for the twenty disiricts in the Study Area,

- which are located in four provinces, namely North- West, Mpumalanga, Gautcug and
i Northcm : - , L

313.2 'Hmisehold'Size

Part B-1 of the Databook was prepared from the CSS1991 publication to reflect household size
distribution according to race group and magisterial district (urban and non-urban) -

Average | houschold size per niagisterial district (urban and non—urban) is reﬂected in Table Part‘
B-2 of the Databook calculated from 199} populauon size (Part A-1) and number of househo!ds
(Part B-1). :

Part B-2 of the Databook reflects the exp’écted patterns as follows :

1)

~ White andrlﬁdién households in formial urbait areas have the lowest household sizes with
3.2 to 4.0 and 3.5 to 5.0 respectively; -
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'2)  Black villages in peri-urbain aiid rural areas have the highest hovisehold sizes of 6.0 to 7.8.
3) - Giveiithe dispériiiés between race gro’upi«s an avérage ﬁgure is of littte use.

No smg!e source of data provides statislics of the number of persons per dwelling for the whole
Study. Area. The Southem Odi-Moreiele Development Appraisal by Sciplan summarised i in
Table 3-2 however gives both the number of persons per household and per famlly which can
reasoniably e assumed to be representative of the Study Area:

333 Income and Expendlturc

Part B-3 of the Databook reflects thic | per capita income dnslnbutlon by race ancl gender per
magisterial district and is split urban / non-urban. :

The data in Part B-4 of the Databook shows lhc average disposable income for 12 of the 20
magisterial districts according to race.” No data was available from eithér Saldri, BMR or IPR
for specifi¢ villages or districts at houschold level. Household level expendilure paiterns and
discemible incomes will require pnmary research

Only Part B 3 of the Databook, whlch gwes per capita inconie for each racial group per
wmagisterial district serves some usé in assessing affordability. The graph shown in Figure 3-1
depicts an assessment of four typical income distribution profiles. This graph reﬂects the
disparity in income between the: .

1} Predominantly white urban employed Wonderboom calegory, wnth high percentages in
the higher income levels. -

2) The subsistence rural popu]atlon of rural Mankwe, with nobody in the higher income
category. :

R} The mcreased income by vittue of commuting and migrant labour for urban Moutse, with
a high percentage in the middle categories representing fomal employmeit.

4)  Therelatively high income of formal black townships such as reflected by Soshang’uve.
N Possnbly the best indicator of income expenduure paiterns reflecting the bulk of the population

arc contained in the Southerm Odi-Moretele Development Appraisal report by Selplan, dated July -
1991, which states the following.
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“Households in Southern Odi-Moretele appear to be COHIp(??‘(III'\‘ebP well off in terms of the

- amount of household income. Median household inconie of R1,160 to R1,900 exceeded the
Hotisehold Effective Income indicated by the Utiiversity of Port Elizabeth as a reasonable
incomie to ensure subsistence. Further, a considerable proporiion of incowie is retained as
savings. Generally, the Proclaimed Towns emerge as weaithier enclaves, and the Apies West
Bank enterges as a poorer area.”

3.3.4 Health
Two sources of information were iised to reflect health conditions in the Study Area, namely:

(1)  Part B-5 of the Databook which reﬂccts the number of health care facilities (clinics,
mobile clinics, health care centres and hospitals per maglsteml district for those portions
“of the Notth- Wesl and Mpumalanga Provinces that fall within the Study Area.

For the Mpumalanga facnhlws, the table also reﬂects the availability of watet and
sanitation services to each family. As can be seen from the data, numerous clinics have
an inadequate water supply, and a significant number of clinics are serwced by pit latrine
only which has obvious adverse health implications.

(2)  The Southem Odi- Moretete Development Appraisal by Setplan, dated 1991, Chapter 2,2
- "Health Care Services”, reflects the district health-care sitvation in a typical large portion
of the Study Arca. Relevant facts from this report aré as follows :

‘a) Bed occupancy at GaRankuwa Hospital averaged 122% with up to 213% in certain
wards while Jubllee Hospital in Temba reported a 95% averagc - _

b) - Of the 30 clinics in the Moretele area :

1) 17 had no running water supply;
2} 21 hadno electricity supply;

3) 13 had no telephone connection or two way radio;
4) 23 relied totally on pit fatrine samtauon

¢) Regarding the health status of the communily'the report reflected the following
1) -The six most important diseases in the Moretele region were :

i) - Tuberculosis (refated to malnutrition)
it} = Hypertension

ifi.) Diabetes A

iv.)  Paraffin Po:sonmg

v.)) Typhoid (related to poor drinking water)
vi.) Cancer of the cervix
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*2) The five most commbn cases treated at the Odi hospital are ;.

i.) -~ Dermatology

ii.) Tuberculosis

iii.)  Alcoholism'

iv.)  Paraffin poisoning

v.) Measles

Actcording 1o the Secretary of the Odi Hospital ai the time of the survey, an
outbreak- of typhoid was neat epidemic status. In Qdi' the ‘occurrence of
malnutrition was not comnion.

36



Table 3-1 | Summary of Magisterial Districts in the Study Area

Mag‘es!ériﬂ District Previous Governmeni | Current Provincial System ‘T
Koster 7 RSA North-West Province
Swarfruggens RSA North-West Province
Rustenburg RSA _ North-West Province
Rrits RSA - | Norh-West Province .
odi Bophuthatswana North-West Province
Moretele 1 _ Bophuthatswana : N.on'h-WeQ Province _
Bafokéng Bopﬁut‘hasswa‘na. . Nonh-\i’_est Province
Mar;k;vc .' Bepﬁulhatswana_ North-West Province
FBro:nkhor'stspruit RSA .| Gouteng

Cultinan RSA | Gauteng
Soshanguve : RSA ' Gaulé_:ng
Wonderboom RSA | Gavteng
Part of Thabazimbi | " RSA | Norhem Province
Part of Warmbad : RSA ‘Northem Province

' P_‘P—an of Waterberg 7 RSA Northern Province
Moretele 2 Bophuthatswana ~ | Mpumalanga
Mbibzna ' : KwaNdebete Mpuealanga
Mdutijana _ e KwaNdebele Mpumalanga
Mkobola _ " KwaNdebele .' Mpuralanga
Moutse : KwaNdébele Mpufnalanga’

“Table 3-2 : Average Number of People per Divelling

Communities . Average Number of : A\-'eragv.{ Number of

o : People per Household Peaple per Dwelling

Proctaimed Towns 5.7 s |
| Central Asess . 65 . {68

Odi Villages : 62 ' 1.7

Winterveld 58 |4

Apiés East Bank Cse B EX

Apies West Bank 7 55 56
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Male Incotite by District

Figure 3-1
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CHAPTER 4 WATER DEMAND PROJECTION
4.1 Introduction

In order to serve as the basis for the prelmnnary planniqg for water supply syslems (Suppomng
Report E) the popilation and economic growth dynamlcs “for the different regions wete
uweslzgated and interpreted and then extrapolaied to predict future populahon figures. These
ﬁgurcs were used to predlot waler demands for the years 2002 and 201 5.

The hﬂmg of boundanes in the new democratlc Somh Afnca in the penod from 1992 to 1995

resulted in abnormal growth in’certain urbat or peri urban ateas and in dcchmng or stagnant

population in other dormitory towns which came to being as parl of the past governraent policy.

Growth from 1995 will be detennined mainly by socid-economic faclors such as the availabmty
-ofjob opporlumues and infrasiructore.

The socio-economic conditions in towns and vnllages wnll in turn be detenmned by the
avallablhty of employment, with the result that the ab:hty to pay for water will be the hlghesl in
the arcas that wnll grow most, :

4.2  Population Projcction

The collection of popiitation baselmc data- and socio-economic condntlons are described in detail
it Chapter 3.

42.1 1995 Poplﬂati'on -

Sinceitis lmprachcal i a macro sludy to derive populallon growlh variables for each and every
settlement, the Study Area was divided into seven socio- cconomw/physmgraphm Zones
comprising areas which display simitar development characieristics. For cach of these seven
zongs, settlement conditions and recent dynamics were explored as the basis for deriving growth
 rates fo update the baseline populauon to obtain a best éstimate of the 1995 populauon {sec Parl
A-2 of the Dalabook for the eshmated 1995 population).

Populat_:on growth rates were detenmned, using a cotbination of the following:

a) - historical growth rate
b) mlgrahon trends:
' - access to cmploymenl opponumhes
- changed administrative / political boundanes
_ - changed land access,
" ¢)  resource base : '
d) 'physxcal and econornic planmng undertaken by F:rsl Seccnd and Third Tier institutions
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~ Anioverview of the growlli scenatios adopted for each zone is as follows:

Mpumalanga (Mouise 1 and 3, Moretele 2, Mdutjana, Mkobola; Mbibina, Kwamhlanga)

The peripheral rural districts of Mblbana Moretele 2, and Moutse | and 3 are séen as

: having stagnated since 1990 with no real growlh assumed. Ekangala, Kwamhlanga and

Mdutjana are $¢en as having expcncnced miner growth of 1.8 % per annum. These

castern districts, given their dormitory function and the absence of a local economic base,

are seen as areas characlerized by outward nigration with the natural populauon grow!h
assmned to have been absorbed elscwhere.

Brdnkhdrstspruit - Cullinan

" The ﬁlrai areas of the?diétric'ls of .Brm‘ﬂ(hor'stspmit and Cullinan are assumed 1o have

undergone’ similar settlement - dynamics with the exception of thé towns -of
Bronkhorstsprit and Cullinan where the townships are seen as having undérgone rapid

_growth given their location in Gauténg. “The urban areas in these céntres are dssumed (6 .

have accommodated the natiral population growth with rio réal change in mlgration

. patterns.

Nylstroom - Wannbaths - Waterberg

The rural areas of Warmbaths and Waterberg are seén as having experienced an outward
migralion. The townships of Wanubaths and Nylstroom, however, are assuined to have
accommodated a rapid influx durmg the past 5 years. The urban population in'these
towns is assumed to have stagnated in recent years,

Brits - Odi 1 - Moretele | - Wonderboom - Soshanguve

The districts of Soshanguve Wonderboom, Bnts, Morctele 1 and Odl l which surround
Metropolitan Pretoria, are seen as districts which have atiracted a significant populat:on
influx in recent years while the outlying mrat areas are assumed to have stagnated with
natural population growth absorbed elsewhere. The agncuhural zone north of Pretoria
and the urban communities of the towns are assumed to have grown at their natural
population growth rate only, The peri-urban v:]lages however, and the townships

- associated with the former RSA tOWns are seen as having experienced a rapld influx in

recent years, thus recent growth rates of up to 20 % per annum have been assunied in
these areas. The Klip-Kruisfontein area has developed from seratch during the past 5
yedrs. :

Mankwe - Bafokeng - Odi 2 - Rtisfenburg

- These Districts aré - assumed to have expenenccd smnlar dynamlcs to 1hose outllned

above, but the scale of influx is assunied to be less than that which has taken place around
Pretoria, Rustenburg and its environs has been the centreé of urbanization pressures. In
contrast, the outlying rural arcas of Mankwe are séen as having stagnated in recent years
with only natural population growth assumed to have taken place.



©

@

- Swariruggens - Koster -

It these Distﬁc_ts, A répi_d in_ﬂtn_t to the tow'nships has been assumed with Slight owtward
niigration from thé established urban communities and rural areas.

T habazimbi

‘The rural ar¢as of T habaznnbl District are assumed to have stagnated in recent years

whereas the mining atéas are assumed to have acconimodatéd an influx aithough ala
more modest fate than that experienced around Rustenburg. - '

4 22 2015 Populahon

- Based on consultation wnth local ofﬁcaals, (see Part A3 of the Dalabook for a list of ofﬁcmls
mtervncwcd), and a review of deVelopmcnl plannmg documents refevant to the Study Area and
its immediale surroundmgs (seé Part A-4 of the Databook for a Hst of reports referenced), future
gromh scenarios were developed with associated populauon growth rates up to the year 2015.
Fof the forthcoming 20 years, the following growth scenarios are foreséen for the Study Area

- Teémba areas, Infrastructure and msmutlonal structures which are well established

@

The pnmary populauon growth will fake place in Pretona Ga-rankuwa, Mabopane and

coupled with job opportuiiities underlie this axis. There is an aclive plannmg policy to
reinforce this development by bringing infill planmhg in Soshanguve North, Soshanguve

“South and Klip-Kruisfontein areas to slrenglhen the Prétoria - Mabopane coumecllon :
- Growth rates of between 2. 4 % and 3.5 % have been estimated for this area,” It is

estimated that exrstmg urban arcas such as Pretoria will grow at about 1.5 %. As a
balance to this, the core area of the Bon Accord - Rooiwal - Roodeplaat will be reserved
for agrlcuilure gwen the. good prcvallmg sonl and climatic conditions. -

_ A secondary growth aréa is that of Rustenburg Growth in the Rustenburg area IS B
characterized by laige ‘scale dcvclopments niorth east of the town extending around Kana
with a growth-axis estabhshmg up to Motakato - Mogwase Northam - Thabazimbi with

~ good potential foi a further large platinum mine to come on:stream in the riear future just

. east of Northam. “This axis also shows three wcstward extensions: i} Rusténburg - Phokeng

in the south ii) Monnakato “Airport - Sun City in the centre and iii) Saulspoort - Northern

- Pilanesberg in the north. As a growth spine the area'is well founded on the following factors
- which reinforceé its sustainability :

a) the regiona! function of Riistenburg;

b) the platinum miniig iridustry;

: c) the chrome mmmg industry;

-'d) the conneciton to’ lhe iron mine at Thabaznmbl and suppomve lime mines west of

g Noriham and
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e) the toutist'iﬁdustfy‘df the Pilanesberg and the link to Botswana and the Madikwe game
. Teserve.

Gft)\vth'rates of between 2.4 % and 4.0 % are expected in this area with a growth of 1.0 %
in the traditional urban areas.

In addttton ‘the mmmg axis and strong agrrcultural axis lmkmg Brits to Rustenburg has

“shown recent signs of being supported by further urban developnient in the Bapong -

Majakaneng area which will forn a fiode to support the Southern Odi dormitory villages to
the north'(Bethanie - Berseba, Makolokwe etc.). Growth rates of between'2.4 % and 3.4 %

‘have been estlmated for this region.

“The densely settied areas of Moutse and Kwamhlanga do not possess the underlymg
sustainable growth factors found in the above two arcas. Kwamhlanga is an inheritance
_of the former Kwandebele homeland eapltal policy and now functions simply as a
‘domntory eommuter centre for Pretoria, (26,000 commuters!day), and Wnbank This
function is, however, considered to be unsustainable as the Govemmient is llkely to

discontinué 1ts current practise of subsndtsmg the cost of commuter bus sérvices in these
argas in the future

The Moutse vﬂlage group, although ongma]ly initiated as a laboiur support area to the
adjacent Loskop irrigation scheme, has now totally owlgrown its original fimction. While
it serves as a dormltory area with commmmg to Pretoria and Wltbankalddelbnrg, it

- remains poorly placed and represents the biggest future unknown in the Study Area. It

is assurned in this Study that growth in the Moutse Group seltlements has stagnated with

§ growth largcly absorbed by outward migration {o the new settlement aréas within the

Gauteng Core and Witbank - Middelburg penp‘nery, ‘with the remnant populahou
stagnating as a large cluster of dormitory commumtles Growthrates of between 0 % and
L. 8 % have becn cstimated for this area. :

" Itis considered i in this Study lhat a sngmﬁcant outward migration from these areas will
"-be absorbed by a Pictoria East Node (east of Mamelod1) and rapid establishment 4nd

growth siniilar to that seen at Klip- -Kruisfontein will take place. It is asswmed that this
node will accommodate a population of about 250,000 people by 2015 through an
average annual growth rate of 15%. Thus, if the Pretoria East Node does not happen,
{hese arcas (Moutse and Kwarthlanga), may grow at a maximim annual rate of 2.4% (see

- Parl A-5 of the Daia Book for the Bastern Zone populallon pmjechon based on this high

growth scenario)..

The domitory villages of the following areas Will merely retain their present status

_ relymg on conumuting or migrant labour income with a declmm g subsistence agncultural'

base :

‘a) area west of the Pilanesberg;

'b) worthern and central Odi | aiid Moretele 1;and

c) Moretele 2
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Growth prospccts are poor for the Swartruggens Manco Koster area with only small

scate diamond mining showmg any new promlsc in the: short term and Zecrust
dominating the fufure Trans Kalaharl link spin off. While small scale production of
shale, manganese and fluorite is undertaken, the large mmmg houses are known to have
begun Witwatersrand related gold prospectmg drilling in the area but to date no positive
announcements of any plans have been made.

’Ihe mral area east of Pretona and north of Bronkhorstspruit, ( ie: Cu!lman Rust de

© Wiiiter), is ‘likely to remain an extensive agncu!lural area with’ ankhorstspnut

strugglmg to compete with the attraction of the coal mining and iron and steel indusiries
in the industiial Witbank/Middelburg area.

In line with the above spatial growth scenarios the current populahon cstimates for the
Study Area have been prqected to the year 2015 with rates of inward migration lower
thai those assunied for the 1991 1995 period, (see Part A- 2 of the Databook for the

" projected 2015 poputation).

Water Demand

Primary Water Reqili'remeut :

‘ Domeahc water demand

No rel:able primary statistics of houschold income and expendlture exist from which
h affordability of level of watet supply can be ditectly addressed. Findings of prcwous
village water supply schemes and studies in the Study Arca were used to assess waler

demand profiles in typical wllages

Commumtlcs in the Study Area were categorized accordmg to the followmg bas:c
cnterla

"a)' és’i'ablished urban 'to'w'ﬁé =l'ul‘l).r setviced with little or no informal infill;

b) formal towns with informal infill;
¢} peri-urban v1llagcs with mﬂux growlh

d) vnllages w:lh bus toute commuter links; and

e) dlstam ‘subsistence le‘ el wllages with negahve or no growth.

Based an the ﬁndmgs ofprcv:ous studies, actual water demand was eshmated using a ratio
of house connecttons ‘metéred yard taps and street taps for each of the above categories.

a) 100 % house conneclrons for !radmonal toxms fully serviced with little or no informal

mﬁll c]assnﬁed as Urban High:

b) 75 % house connechons 15 % yard !aps and 10 % street’ Iaps for formal towns with
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informal infill - classified aé Urban 1.0\\"

c} 75 % house connectnons IS % yard taps and 10 % street taps for peri-urban villages with
influx growth - classified as Rural ngh

“d) 20 % house connections, 60 % yard taps and 20 % street taps for villages with bus route

commuter connections - classified as Rural Medium; and

e) '5 % house connectlons 15.% yard connections ‘and 80 % street taps for distant
~ subsistent viltages with negalwe of no growth - classificd as Rural Low.

It was’ also found fro’m'prewo’us sludlcs that:

a) for perl ‘urban/rural areas; the per-caplta water demand assoclated with each Ievel of
service, {exclusive of system leakage losses), is as follows:

~ Housé connection 1120 led
Yard tap 170 led
 Street tap 130 ked

b) for fornial towns with informal infill the per-capita water use for house connéctions

could be as high as 230 led;

¢) for established urban areas the per-capita water use for hotise connections is much
~ higher than 230 lcd and varies from place to place.

Usixng the above conmunity and level-of-service classifications émd the pet-capita water
demands, Table 4-1 was prepared suwmmarising the different levels of services.

“Table'd-1: Projected Mixes of Levels of Service

| crassificationof | Levetof " % of House . % of Yard Taps % of Stréet Taps
Community Service Connections - P
' (Water Consumption : ¥ '(Water Consu mption § (Water Corsumption
per(‘aptla) per Capita) per Capita)
Urban High 100 (Actual) ' 0 0
Low 75 (230Ted) 15 (16 1ed) 16 (30 1ed)
Rural High 75 (120 ted) |- 15 (70 led) 10 (301¢d)
Medivm 20{120 ed) 60 (701cd) 20 (30 Jed)
Low 5 {120 1ed) 15 (70 i) 80 (30 1cd)

Non-domestic watér demand

- (a) Industrial, commercial and institzjlidnal wméf demands in urbh'n areas

In established urban areas, a sngmﬁcant pomon of water is used for mdustnal

commercial and mshlunonal purposes, In 2’ de!anled s!udy ‘of water use in

Rustenburg, indusirial demand ivas found to comprise’ ?bout 20 % of that for
- doniestic use, with cominercial and mstltulronal elements compnswg 15 % and 10:
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% respectwely Wherc separate’ ﬁgures were not available, the split has been
assuimed to bé as indicated above.

(b) Water démands for mines and other special industrial and commercial Centlres

Walter demands for mines and other special mdusmal and commercial centres were
siudied on an actual consumption basis; where siich large consumers are curently
being supplied by water boards, demand ﬁgures were obtained directly from MW or
RW.

-Water losses

It was assumed that the water supply system will be upgraded in the future and so a
reduction in systcm leakage losses from the system will be achieved. An allowance of
20 % for syslcm leakage losses (outlet of walér treatment works to end consumers}, was
added to the primary water demand estimated for the year 1995 and this was assumed to
decrease to 18.25 % by the year 2002 arid to 15 % by the year 2015. Other components
of unaccounted for water, such as losses due to meter malfunct:onmg, neter under-
rcgls{rahon and illegal connections constitute a portion of water consumed and are

‘thereforé already mcluded in the per capita consumiption figures. - Another separate

alloivance of 5% was added to allow for purification losses and, wherever 1 necessary, a
further allowaince was added to allow for raw water transfer losses. The gross primary
watér demand so eslabhshed was used in the water balance simulation.

Zoning of the Study Area and rearrangement of pro;ected populatlon aud primary water
demand

The Study Area was dwnded into threc supply zones, ten supply arcas and twenty eight -

_ _supply blocks ‘as shown on the Location Map, with a view to allocating thé projected

primary demands to individual treatment plants in the Study Area, and to the associated
surface water resources. . The pro_jected population and primary water demand were then

~ totalled for each supply block, supply arca and supply zone. ‘The factors which were
: takcn into consideration in detemining supply zore, aréa and block boundaries are set
-out m Chaptcr 20f Supportmg Report E.

" The populallon and pnmary water demand pro;ected for the years 1995, 2002 and 2015

for each'supply block, supply area and supply zone are compiled in Appendix 1 and the

~ same information is sununanzed in Table 4-2 and Table 4-3. Table 4-4 presents details
ofthe non-domestic primary water demiand estimated for the years 1995, 2002 and 2015
' for each supply block, supply area and stipply zone. ‘Both domestic and overall per- capita
_ primary water demands for the years 1995, 2002 and 2015 and the growth rates of -
' 'populauon for the year:, are summansed for each of the thrce ‘supply zones in Table 4- 5

' Flgure 4 1 shows ihe total populauon of the S(udy Area pro;ecled for the years 1995,
2002 and 2015, with a breakdown accordmg to service mix and level of service. Figures
4 3 4 5and 4-7 provnde the same mformat[ou for each Of ihe lhree supply zones.

F:gure 4 2 shows the total pnmary Water demand for the Study Area préjected for Ihe
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years 1995;._:2'(')02 and 2015 with a breakdown according to water use ’cal_eg‘ori'.' Figures
4-4, 4-6 and 4-8 provide the saime information for each of thie three sapply zones.

Non-Primary Water Requirement

Irrigation demand

a) In gcneral the 1mganon water requirement can be esumated taking into accoum the
consumptwe use of éacli crop to be planted, the total area of the crops to be irrigated,
effective rainfall during the irrigation period, and the corprehensive irrigation

efﬁctency

b) Typical cropping pattérns for the Study Area are summarised as shown in Table 4-6.

Table 4-6 Typical Cropping Patterns

Hartebeespoort Dam Area | Roodeplaat Dam Area '_ Roodeplaat R-O-R Area
" Crop Share (%) | ~ Crop = Sharé %) .- Crop Shire (%)
Vegelaé&les . 40 Maize - 32 Pastures ' 40 -
Wheat 40 Vegetables 3 Vegetables - 30
Tobacco 10 Cotton 24 | Peanut 15
Maize, Cotion 0 . Lucetne 13 . Deciduous fruit 15

4-7.

Table 4-7 : Consumptive Use for Various Crops

- c) Consumplive use: Water rcqu:rements of representative crops are tabulated in Table

Crop | Consumplive Use Cfdp Consuinpliveé use
(mm /year) | {mm /year)

Wheat 580 Luceme 1,620

Tobacco 350 Groundnuts- - 610

Maize . 800 Tomato 660

Cotton 750 Onion . 390

Cilru§ 1,560 Sopbesn ' 700 :

d) The eﬂecllve ramfall to be consndered vanes dependmg on lhe raml‘all paltem in the
area and the cropping season; the effeciwe rainfall is assumed to be about 70 (o 80
% of the actual rainfall during the cropping season. :

e) In general the comprehenswe 1mgat|on eﬁlclency can’ be cshmated bascd on the

ratio of apphcauon efficiency, conveyance cfﬁcnency of the canal and’ operallonal
efficiency. Comprehensive mlgatlon eﬂmencnes depend therefore Jargely on
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1mgatlon methods. Average efl' iciencies adopted vary from 60 to 80 %

f): Total zmgallon water rcqmruuenls within the Study Arca were cstablishcd and are
shown in Table 4-8.

Table 4-8: Total Irrigation Water Requirement

Rii'erSystém _ : * Irrlgable Area Requirement _ '\Vater_RemiJrces
. (ha) . ~ (mem/a). {mem/fa)

Reservolr § Run-of-river

Crocodile River Basin

Upper Crocedite 30949 S 20is | 1366 649

Elands ) 6806 . 50| 283 16.7
Picnaars 383 | 1223 §24 | 399
Lower Crocodite . 6,699 e oo o e
Sub-{ota | 58293 | s | 2413 1845

Olifants River Basin _ :
Upper Olifants 1 080 98| . 07 EX

Sub-total . 1 ese| 58| 01| 9.l
Total 1 ssan| L qas | 2480 193.6

Note: The 1mgable area in the Srudy Area supphcd mduectly is excludcd From the above Iable

g) Imgauon demands by local area were allocated fo individual water resources: slorage
- water and river flow, as shown in Table 4-9 '

It shiould be n'ol‘e'd that the figures indicated abové represent an average which was -
calculated when the area was declared, and are based on likely values for cropping
patlems average rainfall, evaporation etc. The total irrigation water requirements used
in the water balance model! are calculated on a monthly basis depending on that months

- rainfall, evaporation and on the cropping palter of the irrigated area in question.
' Stbck-waterin'g demand

In the Study Area, there are large areas of graZiﬁg land for livestock b'reedﬂiil:g ‘Alarge

stock unit has a water demand equwalcnl to one head of cattle, six shecp or goats, hwelve
pigs or one hundred chickeéns. The average daily water requirement for a represemahve
large stock unit is about 50 htres per day

:7' The total populahon of equwa|ent ]arge siock units in the Study Area is about 458 ,000.
The total estimated present stock-watering reqmremenls is thus about 8.4 incm/a. Since

livestock is part of the survival strategy of otherwise 1mpovenshcd communities in rural

‘areas, and siice stock-keeping plays an impoitant role in the fribal culture, stock-
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wvatering requiremients canniof be lgnored in the assessment of rural waler needs for water
demand purposes. The demand Has been assumed to renitain at the current estimated level
of supply.

Environmental and other requirements

The Water Resources Yield Model was set tip to simulaté the behaviour of the river and

slorage system, wheii required to satisfy a specific set of water demands for pnmary use

and: jirigation. - Othier "imporfant water requiremerits are for sustammg in-stream
ecosystemns, and for satisfying international river flow commltments

Riverine ecosystems and other water requ:remenls for énvironmental purposes do not enjoy

legal recognition under the present ]cglslahon exisling water resources developmeiit has
generally been planned without specific provision bemg made for this aspedt.- Consequently
the actual in-stream flow réquirenients oflhe rivers il the SIudy Area are not quantlﬁcd

Since enwronmentai water requirements are general]y Ron- consump!we and a s:gmﬁcanl
poition of irrigation water requirements are abstracted direcily from run-of-river, the water

* balance simulation described iit Supporiing Report E does not mclude specific provision for

this purpose.

All of the rivers in lhe Study Area are of interest to one or more nelghbounng slates and

~are thus subject to intemnational rules for best Jomt utilisation as originally. cod:ﬁed in
the 1966 Helsinki Rules. Although discussions on the development of mtemauonal
~ rivers have taken place between RSA its co-basii states, the river regime réquired at state
~ boundaries has hot been quanuﬁed A mmphﬁcd assumplion was made that the residual

flow in rivers, mcludmg flow to sustain ecological systems, would sahsfy inter-state

_obligations; it was further assumed that new development proposals would be dlscusscd'

with neighbouring states before lmplemenlahon
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Table 4-4: Sutmary of Noni-domestlc Primary Water Denand

SUFFLY ZONE

NAME

T6EAAND

WATER

DEMAND (MOM/A)

SUPPLY ARFA SUFPPLY BLOCK
S - ) CATEGOR| 1598 1003 1013
WESTERN VAALKOPNORTH |THABAZIMBI AMANDELBULT PLATENUM | MIN 328 3665 438
THASAZMBLIRON MINE MY, 1096 NIOsEE 11096
- INORTHAM FLATINUM My | 2815) daw 6.57
VRBAN INDUSTRIAL IND 0348 o 64
URBAN COMMIRCIAL COM - 0.252 4271 0.363)
URBAN INSTITUTIONAL NS o568 - 0.180 p203]-
S S |RUINO ANBULASITE N - [ T1an 1433) - 188
MOKGALWANENG JPPC. IND 0223 . 0338 0 513]
SEFIKILE TRFMSWARTELIP MIN 4971] - 5513 £37
_ : . JTICN MINE L MIN G.500f : 0.100) 0100
SAULSPOORT BATLHAKO CHROME TMIN 1058 1098] - 1.055
" IRUIGHOEK, CHROME MIN o] 0201 020)
" [MAKGOPE CHROME MIN 1000] . 1695 1093
L ' IROODERAND FERROCHROM | ° MIN 6301} " 0201 0.20}
MOGWASESUN CITMOGWASE INDUSTRIAL IR 399f < 3SB1f 4537
L SUN CITY RESORT COM 2920} 3363 4011
w..uxopsoum \A.\LI\OPSOUTIIE [RUSTENSBURG NEW INDUST D - cof o4 1093
BOSPOORT IMPALA PLATINUM MINE MIN 1.838] - 1823 1823
URBAN INDUSTRIAL IND o438l 0346 o1
URBAN COMMERCIAL COM 037 oAl 0542
URBWI\‘ST}TU}'lO\‘u INS o28] 0213 - DIs2
. o i o ;1Y MIN __1an Lo 14N
BARNARDSVLE! [BARNARDSYLE] LIRBA\H\DUSTRIAL IND o] 0msa]  osss
) WESTERN URBAN COMMERCIAL coM T s8]l 0583 _omF
URBAN ENSTITUTIONAL INS “oam 0392 0.434
INPALAPLAT[N'U\N[\E N sy a3l -4
VOGELSTRUISNER PLATINU | MIN Coo03 03 03
RUSTENBURG PLATROUMMI] M 19K]7 1924 1928
KAREE MINE MIN 117 1456 2486
s RATNBOW CHICKENS ND 0.934 1318 2.419L
BARNARDSYLE! [WESTERN PLATINUM MINE MIN 8.30% 3997 9.175'
EASTERN : . ) .. . : :
KOSTER KOSTER URBAN COMMERCEAL oM 00 o 0.04
. . |URBAN BNSTITUTIONAL s 002 002 002
SWARTRUGGENS [URBAN COMMERCEAL COoM 003 0.02 002
: URBAN INSTITUTIQNAL NS 001 0.0 (2]
IND £.401 18407] "~ 108m
s C CoM a1z - 4592 5572
WESTERN ZONE TOTAL NS 0781 0875 1031
MY 45498|  49.503| 54867
; L TOTAL. | - sesz| . er7sz] 7214)
CENTRAL BRITS BRITS URBAN INDUSTRIAL IND 1236] . 1636f 2558
: URBAN COMMERCIAL COM padsf: 0695 (N1
L X : URBAN INSTITUTIONAL - IS oLl 0483 ¢ 0.857
RAND WATER RAND WATER ROSSLYN INDUSTRIA ™D 7 san .47
. . GA-RANKUWA INDUSTREA ND L9 3915 581
TEMBA KUDUBE NORTH  [SABALEGE INDUSTRIAL ND 3701 e E IR
. : CAROUSEL L COM . 05| OS] - 03
WARMBAD/NYLSTRIURBAN INDUSTRIAL IND ost| 0 oa33f ; oan;
© FURKBAN COMMERCIAL CoM Crods| 0 ra2b 2318
URBAN INSTITUTIONAL NS o2s| 0202 - @19
: : ND- 15307 1s8igf 26276
: oM 1582 ERITA B X3
CENTRAL ZONE TOTAL NS 0.496 0666 1663
i : ’ : MIN LD ol - 0
% - ) TOTAL 12.3950 2179s] 30243
EASTERN BRONKHORSTPRUT|BRONKHORSTPRUI |EKANDASTRIA IND 3338 3358 3353
: - © [URBAN SNDUSTRIAL . IND 0.256} - 0302 0350
URBAN COMMERCIAL - | : 'coM- oI 28] - 029}
URBAN INSTITUTIONAL CLINS 0128 o151 . 0,185
CULLINAN URSAN INDUSTRIAL - IND 0035 . 0105 6143
URBAN COMMERCIAL oM | 6107 - 0261 0AT
URBAN INSTITUFIONAL ~s 00N 0.083 o4
kztg;im\s MIN o 11 1) IR Y A1 K
i IND . 3,701 3765 T3En
S : S COM - S09]  03sy oass
EASTERN ZONE TOTAL . ™S oaw] o om4l 0305
. MIN L INTY IS W T 1 I W [
TOTAL | - 331] * - 5461 3314
CIND Crsan] o ase] . a0l
FEEEI : coM | 64d L R28 3995
STUDY AREA TOTAL- TUNS 1aizf o nIs| 2403
o K CMIN -] T aseos]  sp&n3f $5.977
TOTAL | #5518 soo48] io821)

Note: IND:Industriat, COM: Co‘mme_rciai, INS: Institutional, MIN: Mining
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Tabled-9: Irrigation Demand Allocation b'y Local Area

Area Source Annual Pemand (mem/a)
Upstream of Hasibeespoort Run-of-tiver 57.2
Hartbees';;oorl Ila:ﬁe.espoorl 100.6
' ﬁéﬁclspobrl Bul‘i:‘clspoon 6.6
Roodekopjes Roodekopjes 294
Upstrea_rﬁ 6( Roodekdpjcs Runsoferiver 1.7
Upstream Roodeplaat Ruri-of-River . 1335
Roodeplaat Roodepiaat 6.7
Besi Accotd : ‘Bon Accord l._l.S
Upstreén Warmbad Run-of-river 0.8
Waribad Warmbad Dam 22
Upstream Klipvoor Run-of-fiver 256
Klipvoor Klipvooer Dam 62.0
Olifantsnek Otifastsnck Danm 4.3
Koster “Koster Dam 19
Lindieyspoost _Li'ndleyspooﬂ Dam 8,4
Upslr;‘am of V_aa'ﬁkop Ru.n-of-ri\'er 167
Vaalkop N Vaalkop Dam 21
'Lowe.r'.(fr'p;:l;ci_ile ;Run-of—ri:\'en'Gr‘.ound water 63.0
Bronkhors;ts;iru'il | Bronkhorstspruit Dam 0.7
Upstream Rust de Winter ‘Ru_n-of-rii‘er' 6.5
Moses River Run-of river’ 2.6
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Figure 4-1  Projécted Pbpﬁiétib‘n by Level of Service ( Study Area)
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Figure 4-2 Projected Primary Water Demaiid by Use Category (Study Area)
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Figure 4-3 - Projected Population by Level of Servies {Western Zone)
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Figure 4-4 " Ptfojec!ed Primary Water Demand by Use Category(Western Zone)
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Figire 4-5  Projecied Population by Level of Service (Cenitral Zone)

3500000
3000000
2500000
2000000
1500000
1000000

500000

HUH
au.
%, ' EIRH
ORN
| q e
i al i atonAL
Sl P A 3B, AL R T T D N T g
- 1995 2002 2015

| moow

HND
QeoN

DINS

‘NN

419

aroTAL




Figure 4-7
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Projected Pdp’ulatimi by Level of Service (Eastern Zone)
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Figure 4-8 Projected Primary Water Demand by Use Category (Eastern Zone)
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