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ABBREVIATIONS AND TERMINOLOGY!

The following abbreviations are used in this report:

"AADD Annual Average Daily Demand
ANC African National Ca’n_gress
BLA - Btack Local Authorities
BODA British Overseas Development Agency
CAPEX  Capital Expenditure :
CASE " Comﬁmnity Agency for Social Inquiry
CBOs Community Based Organisations
CDE Cenlre for Development and Enterprise
cIp “Capital Investment Plan
CRDC Community Reconslruction and Development Cominittee -
CRCS  Crocodile River Catchment Study
CSIR " Council for Scientific and Industrial Research
CWSS " Comniunity Water Supply and Sanitation
DAF  Dissolved Air Flotation I
" DANIDA } Danish International Development Agency
" DBSA Development Bank of Southern Africa
‘DC District Council
DCF  Discounted Cash Flow
DFA " Development Facititation Act |
DWAF Depariment of Water Affairs and Forestry -
- ESA Extended Supply Area of Magaliés Water Board as gazetted in April 1996
"ESCOM ~ Electricity Suﬁply Commission ' :
GIS 'Geoiogical Information System
GNU Governinent of N_alim:\al' Unity
-~ GSWCA Governnient Subterranean Water Controt Area
GWCA Government Water Control Area |

GWS ~ Government Water Scheme

‘1B Irrigation Board



1BS
IDT
IFR
IMT
INR
JicA

LAPC

LRDC

LWC
MSF
MEC
MW
NELF
; NGOs
NPV
. NWP
NWWA
0&M
ODA
ono

- OECF
PLP
PMC
PSC
PWB
PWG
PWSSD
PWV
RBC
RDP

Irrigation Board Scheine

Independent Development Trust (NGO)

Instream Flow Requirements

Interim Management Team

Instifute of National Resources

Japan Inteinational Coopcrauon Agency

(the official agency responsible for the lmplementahon of the techmca?
cooperahon programmes of the Govemiment of Japan)

Land and Agricultural Policy Centre

Local Reconstruction and Development Committee (Local RDP Commiitee)

'Local Water Committee

Medicines Sans Frontiers

Member of Executive Commiiltee

Magalies Water erd |

Natlonal Electrification Forum (ESKOM Database)

- Non- G_ovcrmnental Organisations

" Nett Present Value

Norlh West Province

Norih West Water Supply Authoiiiy :

' ~Operation and Maintenance

Ofﬁcial Development Assislance'

' Orgamsallon Dev elopmeut Ofiicer

Overseas EFconomic Cooperation Futid of Japan
Presndentlal Lead Project

Projéct Management Committee of the JICA Study
Proy:ct Steermg Commiftee of the JICA Study
Phalaborwa Water Board

_ Pl‘OjeCl Workmg Group of the JICA Siudy

* Provincial Watér Suppiy and Sanitation Directorate

Pretoria Witwatersrand Vereeniging lnangle {geographmal area)
Rotating Bmloglcal Comtactor

Reconstruction and Development Programme



"RSA Republic of South Africa

RSC Regional Service Councﬂ
(regional bodies estabhshed to facrhtatu and coordmate service provision
across local boundaries. To be replaced by Regionat and District Councils)

RWB Rand Water Board

SAY. Scope of Works

SAMWU  South African Municipal Workers Union

SA_NCO South Aftican National Civic Organisation

SCOWSAS Standing Committee on Water Supply and Sanitation

SDD Sumnier Daily Deimand
Setplan Settlement Plannmg Services Consullmg Engmeers
SGT | Self-Governing Territories
SR Service Rescrvoir _
- STW Sewage Treatment Work
SWET Sanitation and Water Education and Training Program
- TA Tribal Authority | _
 TBVC Transkei, Bophuthatswana Venda, Clske1 (former "“mdependant‘"'
home]ands) '
“TDS Total Dissolved Salts
CTHM. Trihalomethanes
_-TLC " Transitional Local Countil
TMC Transitional Metropolitan Council
TOR " Terms of Reference :
TRC Transitional Rural Cotinil
VIDP Veirtilated Improved Double Pit toilet (latrine) -
VIP Ventilated Improved Pit Latring
we Wh'itc'Paper.
WRC ‘Water Research Conmission

WRYM  Water Resources Yield Model
WTW Water Treatment Works
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CHAPTER1 INTRODUCTION
1.1 Ba'cﬁgronn'd

In August 1995 the Governnients of South Afnca and Japan agreed the scope of work
for a techmcai ¢co-operation programme focused on the expansion of the capacity of
Magahes Water (MW) The Japan !ntemahonal Cooperation Agency (JICA) is currcntly
underiakmg the stucly in close co- operanon with the Depariment of Watet Affairs and
Forestry (DWAF) in South Afiica. The initiative to expand the capacity of Magaties
Water is a direct outcome of South Africa’s new Water and Sanitation policy, which is
" based on the Reconstruction and Development Programiie (RDP) In terms of the policy,
institutions like Magahes Water will extend bulk supply networks in the longer tem, and
will assist int ‘stiimulating and supporting local level water supply and management
institutions in the short to médiuni terin. '

The overall framework of the JICA Study is as follows:
PHASE 1 - Formulation of a Master Plan -
Stage 1 - Siitilaii'on'al Analysis

Stage 2 - Formulation of a Master Plan up to the year 2015 and -
priorily prOJects to the year 2002

' Stage 3 - Recommendations on study methods and terms of reference
for Phases 2 and 3 '

'PHASE 2- Feasibility Study on priority projects
PHASE 3 -:Implénien'tatioln'bf selected water supply and Sahilatioﬁ pilot ihitiat'ivc's E

Agamst (hc background of the overall framework described above the presenl HCA
Study is conccmed only with the Phase 1, formulation ‘of an overall and strategic
framework / master plan for the appropriately phased lorig term, sustainable development

of water supply infrastructure and sanitation, including appropriate Second and Third
Tier support, in the Study Area. The formulation of a priority project to the year 2002,
and an éxtended programme up to the ycar 2015 is included in the present JICA Study

The first Slage of thls Phase was a Sltuallonal Analys:s Thc puspose of this was to
understand the socio- economic condmons hydrological and hydrogeologlcal resourées,
demand for’ water, supply of water, existence and condition of infrastructure, present
slandard and coverage of services, environmental condilions, pollcy implications,
capacnty ‘and roles of the First, Second and Third Tiers, water supply attitudes and
practlccs at the community level, financial situation, and water tariffs and cost recovery
systems. :
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The second Stage of the Phase is to formulate a Master Plan which includes the Gap
Analysis, the Policy / Steategy Recommendation / Plan, the Prehmmary Study of Water
Supply- System (Technical Soluuon) and ‘the Economlchmanmal Ana'fysxs of the
formulated project(s) under pre- fca31b1hly level including an initial capital investiment
plan.

The objecllve of the Gap Analy31s was to establish a complete understanding of the Gap
between the Current State (mshtuhonal technical and fi nan01al) of water- mfraslructures
in the Magalies Water Study Area and the desired future state, as presenled in the Water
Supply and Sanilation policy. The current state has been determined in the Situaiional
Analysis. The future state is rdentlhed through key policy documents such as the White
Paper on Water Supply anid Sanitation, as well as the needs and expectations of the
communities and other consumers in the Study Area.

The ob‘jcciive of the Policy / Strategy Recommendation / Plan was: to facilitate and guide
' the expansion of Magalies Water through practical recommendations regarding pohcy
and strategy; 1o identify areas of national policy that supporv’hmder the expansion of
MW, and to propose actions to be taken; to identify areas of policy in specific water

- sector and related institutions that require altention, and to propose appropriate aclions;

-and to propose slrategles to deat with institutional and technical gaps that are likely to
-_hmder the expansion of MW logether with strategies that will facﬂltate thic expansion
process

T he Ob_] ecllve of the Techmcal Solutlon was to quanhfy the technical reqmrcments to
achieve the standards and levels of service identified in the desired future state and bridge
the Gap mapped out in the Gap Analys;s :

The objectne of the Economic/Financial Analysis is to quantify both the cost and the
benefit to be incurred by and arising from the project proposals which aré to be eva‘lualed
from various viewpoints of RSA’s national economy and the second and third tiers’
entrepreneurial stance. - The lessons obtained from a series of analyms will be fed to
furlher Phases 2 ancl 3 ofthis Study.

Key to the success of the JICA Study is the support and involvement of the mam :
stakeholders in water supply and sanitation in the Study Area - Magalics Water Board _

"national and reglonal offices of DWAF, locat authormes dlstnct councnls tocal and
Provincial Governient, conmmunities and their representative organlsahons and NGOs.
To ensure that !hls involvement occurs the fo!lowmg institutional arrangemenls have
been put in place :



o The cntrre JICA Study is managed by a Project Management Committee (PMC),
on which sits representatives of Magallcs Water, Department of Water Aflairs
and Fotestry and JICA. The PMC sits approximately once a inonth; and

. Pro;ect Workmg Groups (PWGs) have ‘beeh established to overseé the activilies
of the Study Team and the local consultants. Three PWGs were established,
which include representatives of key stakeholders as well as MW, DWAF and
JICA.

1.2 _' Composition of Master Plan Report

T he Final Report is composed of an Executive Summary, Main Report Supporting
Reports and a Data Book. Each Supporlmg Repotit covers an individual part of the Study
and has been prepared to provldo detalled information to the more interested or specrallsl
reader. The Supporting Reports are as follows:

General Affairs

Situational Analysis

Gap Analysis
Policy and Strategy Options

Preliminary Study of Water Supply System
Institutional Developmient Plan

Capital Investment Plan _

Evaluation of Master Plan and Implementation Plan '

TOTMEDOE >

'The Data Book contains pnmary data and information, and only a limited number of hard
copies will be produced which will be held by key stakeholders {such as DWAF and
Magalies Water). The contents of the Data Book will be made available in electronic
| format whenever applicable.

i 3 Supportmg Report E

The two supportmg reports which relate primarily to the techmcal part of 1he Study
comprrse Supporting Report B, which covers the situational analysis i.e. the existing
‘conditions prevailing in the Study Area; and this report which explains how the raw data
from the situational analysis was used to prcpare technical proposals to a master plan
level of detail.

Chapter 2 explains how the Study Area was broken down into Supply Zones, Areas and
Blocks for planning purposes. Chapter 3 briefly addresses groundwater; as the proposed
technical solutions are based almost entirety on a surface water supply, this section is .
brief although the prevallmg conditions are explained in Supporiing Report B and maps
summarising the likely yield and quality are included in the Data Book. The Water
Balaiice Sludy is described in Chapter 4 when the projected water demands in the Study
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Area were assessed a'gain'st the avaitability of raw water for primary and non-primary use.
The study concluded that no new dams are required within the Study Area at this stage.

In Chapter 5, the infrastructure planning proccss is explained. Much of the work
consisted of preparing scheinatics which are included in Appendix 1 and may be updated
by stakeholders in the future and used as a planning tool. The existing infrastructiire in
each Supply Area was assessed against the 2015 projected water demand and components
with insufficient capacity were identificd and the situation was surmmarised on a
schematic. The facilities required to overconie the constraints and also to serve currently
unserved areas were then planned and these proposals were also summarised on a
spreadsheet. A cost summary sheet for each Supply Area shows the key infrastructure
components and a cost estimate. Three alterative water sources were assessed for the
currently unserved northern areas in the Central and Eastern Zones. These altemauves
are summarised in Appendix 2.

The outputs from the planniﬁg process comprised estimated costs, proposals for an

implementation programme and other issues with nianagement considerations w}nch need
to be considered. Thesc are descnbecl in Chapter 6.

1-4
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CHAPTER 2 ZONING OF STUDY AREA
21 Purpose and Basic Concept

The Study Area was divided into a hlcrarchy of spahal ly identified supply areas. From the largcst
{o the smallest division these have been termed Supply Zones, Supply Arcas and Supply Blocks:
‘The purpose of these gioupings was to serve as a basis for the arrangement of water demands and
supply sources, as well as for the management of water supply schemes.

The division of the Study Area that was finally adopted in |hIS Study is shown on the Location
Map attached to the 'Vlam Report and also in Table 2-1. ‘

22 Supply Zones/ Areas / Blacks

The ¢riteria that were apphed when grouping primary demands and mfrastmcture into Supp]y
Zanes, Supply Areas and Supply Blocks are set cut in (l) to (3) below:

2.2.] Supply Zones

A Supply Zone comprises a grouping of bulk d_emandé that are served by one management unit -
of Magalies Water, or an expected future management unit of the Board.

Three Supply Z ones were selected for this Study, Wcstem Central and Eastern Supply Zones.
~ These Supply Zones were selected pnmarlly to accord with the natura! drainage system of the-

" Study Area. As nientioned elsewhere, the Study Area comprises basically two main river
~ drainage systems. Those are the Olifants River systeny in the east and the Crocodlle River system
" in the centre and west. Existing water supply mfraslmcture has, for obwous reasons been
developed around this nalural drainage system.

- The Westem Supply Zone is supphed with water from four sources, ie lhe Elands and Crocodile
“Rivers, via Vaalkop Dam, and the Hex River from Bospoort Dam. A large volume of primary
water is also imported into the Supply Area at Bamardsvlei by Rand Water (Vaal River System).
Primary water froni all thrée of these sources is being consumed in the Greater Rustenburg region
and for this reason these sources have been grouped into a single Supply Zone. Koster and
~ Swartsruggens have also been included in this zone. In view of the small water demands in these
districts that can be locally sourced a separate Supply Zone for these districts is not justifiable,

The Central Supply Zone has four pnmary water sources, ie Ihe Piciiaars Rlver (Roodeplaat Dam
- Wallmannslhal and Temba water treatment works, and Klipvoor Dam - no exisling treatment
v«orks) the Apies River ( Lecukraal Dam - Kidube WTW), the Crocodile River (Hartbeespoort

Dam - Brits WTW) and the Vaal River (imported by Rand Water for supply to the Akasia,

Rosslyn Klip-Kruisfontein, Ga-Rankuwa, Mabopane and Soshanguve areas).

'_The Eastern Supply Zone has three separale supply sources, all being tributaries of the Ohfants
River, ie'the Bronkhorstspruit (Bronkherstspruit Daim and walter trealment works), the lege

2-1



River (Prcmlcr Mine Dam - Cullinan WTW) and the Elarids River (Mkombo Dam - Weltevreden
WTW). Water is also imporied from the Loskop Dam (Olifants River) for punﬁcahon at
Weltevreden WTW. Proposals have also been approved for the transfer of Vaal River water from
the Grootdraai Dam into the Bronkhorstspruit Treatment Works.

The existing water supply mfrastructure in the Study Area is described in more detail in
Supporting Repoit B.

222 Supply Arcas

A Supply Area comprises a grouping of bulk demands that are supplied from a coniton surface
water resource or a set of resources, eg dams and/or weirs, but allowing also for lmported and
exported water. :

The Western Supply Zone has been divided into four Supply Areas; the Vaalkop North, Vaalkop
“South, Bamnardsvlei and Kosier Supply Areas. The Central Supply Zone was also divided into

four Supply Areas; the Brits, Klipvoor, Témba and Rand Water Supply Areas. The Eastern

Supply Zone was only divided into two Supply Areas; the Bronkhorstspruit and Weltevreden
- Supply Areas. '

2.2.3 Suppl:} Blocks

Some of the above-raentioned Supply Areas have been 'funher_Stlb(iivided into a nutnber of

- Supply Blocks. A Supply Block comprises a grouping of bulk demands that are supplied from
‘a single bulk sapply pipeline (with branches if applicable). The bulk supply pipeline either
originates from a water treatment works, or is a branch to a pipeline serving an entire sérvice area
. that originates at such a water treatment works. In conclusion, the Study Area was dwxded info
28 Supply Blocks as shown in Table 2-1. :

2-2



Table2-1: Zoning of Study Area

SUPPLY AREA

SUPPLY BLOCK

WESTERN

SUPPLY ZONE

1.Vaalkop North

1. Thabazimbi

2. Mokgalwaneng

3. Sefikile

4. Ramokokstad

3. Saulspoort

6. Mogwase/Sun City

2. Vaalkop South

7. Bethanie
8. Vaalkop Southern/Bospoort

* 13. Baraardsvlel

9. Barnardsvlei Western

" '|10. Barnardsvlei Eastern

' 4. Koster

11. Koster

12. Swartsruggens

'CENTRAL

1. Brits

1. Brits

‘2. Hartbeespoort .

. Klipvoor

3. Kipvoor West
4. Klipvoor East
5. Moretele North

3, Rand Waler

6: Rand Water

"|4. Tetba

7. Kudube North
8. Kudube South
9. Wallmannsthal
10. War:nBalhstylslroOm

EASTERN

1. Wellevreden

I. Blcedfo'nlgin

2. Kameelriver

" [3. Mapoch
 |4. Walkraal

2. Bronkhorstspruit

5. Bronkhorstspruit
-{6. Cullinan
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CHAPTER 3 GROUNDWATER
“31  Introduction

The geohydrology of the Study Area is described in Section 5.12 of Supporting Report B. A
consolidated database was constructed from the 31gn1ﬁcant kriown sources of inforimation and
from the information collected, conclusions were feached concerning general (rends in
groundwaler avadab:l:ty explontablhly and quality: The general trends in borchole yield and
quality across the Study Area ar¢ shown in Figures 5-4 and 5-5 of Supporting Report B and niore
comprehensive information is shown on maps inctuded in the Daia Book.

Supporting Report B describes currént esumated levels of use of groundwater and some of the
associated problems. These are mainly associated with quality (due to faecal contamination
associated with poor sanitation, fluorides from geological sources and nitrtaes from sanitation,
agricullure and natural sources), and quantity (the yield as measured by exploitability and
accessibility is often inadequate) and generally mitigate against any new major groundwater
: development except on the extreme south west fringe of the Study Areain the dolomitic aquifer.

3.2 Strategy for Groundwater Explmlatmn
3.2.1 Criteria for Selection of Areas for Proposed Boreholes

The primary cons:derauon in this regard is the result of the water balance study bvery allempl
- has been made to meet the future water demand from surface water resources. '

For the reasons stated above, potential devetopment of groundwater Fesources has been further
~ tempered by the consideration of groundwater quality. - Groundwater quality is classified by
DWAF as Class 0 (ideal) to Class 4 (unacceptabie for domestic use or stock-watering without
treatment). In this regard it has been considered appropriate to eliminate the supply of Classes -
3 and 4 groundwater by the ycar 2002 and the supply of Class 2 groundwater by the year 2015.

322 Areas Proposed for New Boreholes

Iih the towns of Koster and Swartsruggens, a deficit has been projected in 2015 compared with
the existing surface water infrastructure capacity. These communities are located too far from
“Rustenburg for a bulk supply to be provided by MW or Rand Water on an economical basis
however the area has been identified as having potential for the development of groundwater to
meet the projecied shortfall. :

No other mgmﬁcant groundwater schemes were ldenhﬁcd by the Study lt is anhcnpaled that
Thabazimbi TLC will continue to suppliment the bulk water supply from MW with groundwater’
from the iron ore mine (currently at 1.3 meny/a), as the cost is favourable. The mine also usus.
11.1 mentfa at present and will continue to do so. Rural arcas and some small agricultural

heldings which carinot be eéohmnically reticulated with a surface water supply will also conlinue
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to be served by groundwater.

The infrasteiicture development planning proposed for Koster, Swartsruggens and Thabazimbi
is described in more détail in Chapter 5.
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CHAPTER4 SURFACE WATER RESOURCES AND WATER
| BALANCE SIMULATION

4.1  Introduction
411 Objective's of the Slﬁdy

The objectwe of the watér balancé simulation is to dssess the avalfabkhly of surface waler
resouices in the Study Area for niceting the present and expected needs of domestic, industrial
and inining user sectors, togéther referred to as primary water demarids, and the large water
requiremeénts for irrigated agriculture. Account should also be taken of the water requirement
for enwronmental systems and intermnational coinmitments in respect of rivers of common
interest. The water balance” simulation approach is used to assess the present water supply
situation from existing infrastructure and to evaluate possible new development proposals where
these may be necessary.

4.1.2 Study Area

‘Since the boundaries of the Study Area do not coincide with natural catchment areas, the
Modelled Study Area for this portion of the assignment covered the tertiary catchments of the
Crocodile and Olifants river basins as showi in Figure 5-1 of Supporling Report B. In géneral
~ the Modelled Study Area includes all sub-catchiments which affect the Study Area from a water
resources perapectwe This means that the upper Crocodile River: catchment, above
Hartbeespoort Danii is in the Modelled Study Area and Only certain mbutanes of the Olifants
River, i.e, the Bronkhorstspmlt Wilge River, Moses River and Elands River, to the east are

- included. :

~ Although the upper reaches of the Nyl River cafchiment, part of the Mogalakwena River syslem
fall within the Study Area in the vicinity of Warmbaths and Nylstroom, the resources of this river -
are nof available for further development because'of possible negative impacts on the Nyl River
Flood Plain. These sub- catchments are excluded from thie Modelled Siudy Area.

Differences between the boundancs of the Study Area ‘and the Modelled Study Arcain !he west
are not significant. The same comment applies to the westem part of the southem boundaries
which extend along the Witwatersrand.

413 Descriptiou of the Ca'ses Sindied

‘I order to dssess the adequacy of the limited water resouces in the Study Area, the followmg

: water balance simulations were carricd out to compare water avilability from river runoff and

retum ﬂows from urban areas, wnlh thc water demand (excludmg that met from groundwaler)

_'The concept of the waler balance sunulatlon as ougmally conceived is represenled by the
foliowmg three cases: & ' : '

' _Case 17 Té snmulate the water balance between emsung avallable watcr resources and the
water requirements in 1995.
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Casc2: To smmlate Ihc water balance between emstmg avallable wafer resources and water
requirements in the year 2015.

Case3:  To simulate the water balance between exi'sting availab_le water resources plus newly
developed water resources and water requirements in the year 2015.

Smce the Case 2 study mentioned above mdlcated thal the water reqmrements in the' respecuve
target years can just be met using the existing available water resotifces infrastructure; three
alternative stidies were proposed for Case 3 for 2002 and 2015 (lnstead of the original sccnano)
~ These weie:

Altemative 1: In the case of water imported from Rahdweter remaining at the level supplied
in 1995 (42.1 mcin/a fo"r Central Zone and 39.3 mcin/a for Westem Z one)-

Altemative 2: In the case that the maximuni aniount of watef imported from Rand Water is at
' the leve! of the supply capacity of the existing infrastructure (assumed to be 86.9
mev/a for Central Zone and 39.3 memv/a for Westeri Zone), and expected return

flow in the year 2015 is decreased to 80% of the retum flow ongmally projected,

" Altemative 3: The concept of this alternative is the same as Altemanve 1 but with the water
allocation imodified. :

4.2 Watef Resources Yield and Plananing Models (WRYM[WRPM)
42.1 Selection of WRYM/WRPM for Simuléting the Water Balanee
The WRYMIWRPM were selected to sunulate the waier balance in the arca because:

(1)  These sophlsilcated models are recommended by DWAF for use in eomplex systems -
such as those found in lhe Study Area :

:' '(2) Comprehenswe studies of lhe Crocodlle and 0]|fams systems have recently been made
using these models and all data sets are avanlable

3 - lnterpretallon of exlstmg simulations would be sufficient to evaluate the avan!ablhty of
surface water in the area wuh very few costly additional nins being nccessary

(4) Detailed reports on recent sludtes using these models are avallable as are detailed
- descriptions of lhe model and its operation.

) Specwl modifications have been made to the medet to sunulate dlfﬂcull condltlons
encountered in the Study Area.

The results of recent simutations using the modcls were mteapreted for the purpose of thls Study
and special runs of the model were used only for con(“ irming ﬁndmgs and demonslratmg the
performance of specific components of the system.



422 Teamilioiog’y

A number of terms whlch havea spec;ﬁc meaning or can be mterpreted {0 have vardous meanings
must be defined for thié purpose of this assignment. ‘Not all terins dre defined but the following
are of spemal coicern: ‘

M
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Yield - the quantity of water available, usually per year, from a source such as a dam
under specific conditions. The relévant conditions usiially refer to the security of siipply
and method of operating the source. In this assignment reference is made to the “historic
finiit yield" ie the quantity of water that would have been available over the period of
record of runoff (usually the period of nalurahzed runoff sequence) without failure or
shortages. In this case a naturalized record 68 years long was used,

The term "systcm ylcld" is also used and thls refers (o the availability of water from each
source (or dam) ini the syslem when all components are operated in a spemﬁed manner.
This definition of yield is more complex in that the security of supply is associated with
water allocation rules where each user sector has a specific hterarchy of reductions of
supply or restrictions on use in periods of shortage as described in Section 4.2.3.

Secunty of supply an indication of the long term average nsk of shortage in supplies

expressed as a recurrence interval in years on average probability for example 1:100
years or 0.01 probability. The degree of shorlage or restriction (e.g. 20% reduction),

must also be specnﬁed Security of stipply is generally set as a ininimum target and actual -
avallabihty is generally better than the targel :

__Nalurahsed runoff Naturahsed runoﬁ' is the best estimate, using available technology,
‘of the runofY sequence (usually on a monlhly basis), that would have occurred from a
completely natural catchrnent. In order fo arrive at this estimate a ramfall runoff model

(the Pitman niodel) is calibrated for the periad of observed mnoff using records al

-gauging stations taking into account the growth of variables such as afforestation,

urbanization, irrigation abstractions, other abstractions and return flow. The naturalised

~ conditions are then extended back in time for as !ong as ramfall datais avanlable seumg

ali the developmem variables to zero.

' lt is imp'ortant that the modeling process at gauging stations be checked by doing

consistency and olher evaluations.

Urban runoff Urban runofl‘ represenls the increase in stream flow that is attnbutable lo
the hardening of the land surface in urban areas and the consequent ‘decrease -in

interception, infiltration and evapo- lranspiratson The ¢stimate of urban runoff used in

the water balance is derived from the rainfall-ranoff modelmg process where calibration
has taken place.’ No provision is made for growth in urbanization over the planning

_ penod to 2015

Retum ﬂow Retum flow is the i mcrease in streain flow resul{mg from lhc d:scharge of
treated wastewater at speciﬁc points in the river system. This sheuld not be confused

: wnlh the dispersed accretion of ﬂow componenls such as seepage from irrigation and
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other uses, which are e taken inlo account in the modclmg process Rctum ﬂows represent
a proportion of the water used, mainly for domestic use and for industry, in severed
portions of the catchinent area, and are calculated for the main point discharges using an
algorithm which can be calibrated where data is available.

423 Basic Concept of the Models

The WRYM and WRPM are mathcmattcat oF numeric models of the river systems which are set

up to simulate the behaviour of alt componcnts of the ‘system. If recorded ‘or historic’
hydrologtcal events such as rainfall and ninoff aré to be repeated the WRYM is used, or if it is

required to simulate the behaviour of ihe system with a large number of slattshcally similar

possible hydrologic conditions the WRPM is used. ‘Both models contain the same basic data on

components of the system, such as storage dariis, and make lt possible to simulate the behaviour

of very coniplex systems with a wide variely of types and sizes of components.

‘Both miodels dre sophisticated integrated system analysis models and both haveé the same basic
principles in conimon, but they have distincily different purposes. The models are in essence a
‘water balance model which can simulate complcx water resources systeins. - Various operaling

~ rules can be applied and preference can be given to certain functions by the correct selection of

-penalty functions.  The solution method of both models is an linear/dynamic programming
algorithm. :

The basic difference in application is that the yicld model is essentially a static model that will
provide cettain yield information if run iteratively, from which- operational criteria can be
* established for the planning model. ‘The planning model is used tnainly (o un stochastic
scquences using growing (changing) demands and sef targels for reliability of supply. From the -
~ resulis it will become clear whether the set targels are achiieved and 1f not, what the probability
of non- achlcvement is.

The models arc very comprehensive in the:r abllmes and can therefore model very complex
systems. The price that is paid for these abilities is the massive aniount of i input data that is

‘required and the computaltonal effort, An cxamp]c of this i¢ that a'sinigle WRYM run for the
Crocodile River model takes Just over 4 hours on a Pentium 150 PC.

424 bxrstmg Use of the Model in the Crocodile and Olifants River

The nodels have bcen used recently in assignments commissioned by DWAF for both the
Crocodile and Olifants catchments which cover almost the entire Study Aréa. The only arca ot
covered is the Upper Mogolakwena Catchmenit around Nylstroom ‘This area is however not
available for the development of surface water dueto ecological sensitivity according 1o a recent
“decision by the Ceniral Goverminent (se¢ Section 4.1.3). “An alternative supply to the
- Warmbaths/ Nylstroom area has been developed using imported water from Temba WTW via
the recently constructed pipeline.” This will supplenient the existing sources in the area ie
Warmbaths Dam and Donkerpoort Dam. Domestic supply to this area is therefore secure.

Due to two rather spemal siluations found in the Crocodile catchment specnal extcnstons have
rcccntly been developed for the model. The first is a component to simulate the variations in -
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retum ‘flow dependmg on the chmalc It was found dunng the recent itpdate of the catchment

study from the additional data available, that there is a definite correlation between retum flow
and effective rainfall. This coniponent is now part of the models and has been calibrated for the
retuin flows to the Upper Crocodile catchnient. . A further exiension to the model is the
‘simulation of the groundwater stored in the alluvial deposits found in the Lower Crocodile River.
These deposits are recharged during periods of high flow, and the irrigators make use of this by
installing shallow boreholes to supplement water from the river during periods of low flow. This
can best be described as a dummy dam with a considerable lag attached to it. A calibrated
routing has been added to the model to reasonably smmlate this phenorhiena. :

425 “Water Allocatlon Rules -
(1)  User groupmg and securlty of supply

In the model it is recognized {hat there are dlﬂ"erent user sectors which have different
* requirements Tegarding security ‘of supply. For examplé in domestic supply to more
affliént communities the total demand is made up of water for dnnkmg purposes, for
“washing and sanitation and for watering gardens. “The latter is non-essential and can be
curtailed periodically while drinking water must be supplied at a much higher level of
assurance. The approach in the model is to allocate different fractions of the demand to
different assurance levels. ' These are then aggregated over the various sectors to
determine the quanmles to be supplied at the selected levels of assurance for any given

. source a$ shown'in Table 4-1. :

The mte:pretatton of the table is lhat in the case of m':gahon for example 50% of the
' irrigation can be cuttailed at a frequency of 1:20 years. A further 40% ie a total of 90%
~ can be curtailed at a frequency of 1:100 years and that 10% must be available at 1: 200
years. The same apphes to thc other user sectors

It should be noted that these are pre-set targcts From the oulput of ihe planmng model
it can be established wether these targels have becn met and if not, how oftcn the system
: componem has fanled to meel such targets.

| {2) 'Penaily'simcturc

A penally slmclure is used to optlmlze operatton of Ihe system By allocaimo larger '

penalties to, for example, shortages in urban demand than to shortages in irigation,

" wrban demand will always be given priority ovcr irrigation demand. The penalty

* structure can be applied to almost any variable. For example it can bé applled to

: spillages in which ¢ase, with a high penalty on spillage the model will try to minimize

~ spillage and keep the dain as empty as possible. This instance can be apphed for example
where a dam has lhe furiction of flood abso:pllon

3) Dam operaling ruies

Dam operatmg rules are handled dlf[‘eremly in the WRYM and the WRPM. In the first
case dam opcratmg rules are enforced using' the penally structure, In the WRPM
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‘operallng rules ate dctenmned from information interpreted from the WRYM where
" various levels of curiailnient are iniroduced in order 1ot fo violate thé set levels of
assurance.

(4) - Rui-of-river abstraction

In both the Crocochlc and Olifants models, the only runi-of-river abstrachons are for
irgation demand. In inost cases the irrigation is calculaied for each month takmg into
-account the irtigated area, the crop paltein, the effective rainfall aiid the efticiency of the
method of irrigalion pracliced for that reach. This i is compared to the available riinofT for
the month and, if available, the water for irrigation is supplied. If insufficient runoft is
available only part of the irrigation demand equal to the rnofY is supplied.

4.2.6 Schematic Representations

Schematlc reprc,sentatlons of the models are given in Fxgures 4-1 and 4 2 for the Cmcodﬂe and
Olifants models respectively, These are simplified versions of the actual model but serve the
purpose of indicating the complexxly of the models and showing the consutuent nodes and
channels..

427 'Form of Output .

~ The output from a model run is sent to a computer file. The content of the file is determined
- before the run by selecting various oufput parameters. Usually the selected output comprises
variables of particular interest or those for parts of the model where pmblems are expected. [t
~would be impractical to select all variables as this would create massive output files of many
hundreds of mcga~byws The outpu files can be scanned for-information but this is extremely
time consuming. Some post-processing programnies have been developed lo aid in the analysis
and wsuahzat:on of results

4.2.8 Data _Requircm'ents for the Water Balance

The data reqmrcments for the WRPM is very extcnswe It requires for example, a fu]l length
naturatized flow record of monthly values at each nodal point. Files containing monthly urban
runoff and return flow are also required where needed. Monthly evaporation and rainfatl files
are required for each nodal point. There are thirteen contro) parameter files which include,
amongst others, node information, connectivity between nodes, penalty functions, parameters

regarding return flow estimates and information regarding irrigation. ‘Results from the WRYM
from which the operating iules for the dams dre established are also input.

At each abstraction point, the full record of growing mo’nlhly'demands is required. At points

‘where water for irrigation is abstracted, information regarding irrigated area, crop patlem
application rates and efficiency is requnred
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43. Available Runoff Data
431 Runoff Data Required for WRYM

‘Ruiioff data for the models comprise naturalized (virgin) flow records at each modelled node
point, Naturalized runoff beiiig thé flow that would occur without any man-made influence as
défined in Scction 4.2.2. ' Whete node points lie within a single homogencous catchment, there:

“is a facility 1o input one set of records and to ‘apportion the correct propottion of the runoff to the
various nodes. ' ' : . :

432 Availabitity of Runoff Data

Naturalized virgin runoff data for all nodes is available for the period October 1920 to Scptember
1989, This was synthetically generated using the Pitman rainfall-ranoff model after extensive.
and Teliablé calibration during the Olifants and Crocodile River Basin Studics. The Water
“Resotirces ‘90 Study re-evaluated the calibration parameters and found them to be acceplable and
as svich, they weré included in the WR90 publication as the best available. Consideration was
given to exteriding the available records from 1989 to 1994 (S years) utilising existing model
parametess and ex{ended rainfall records. “This extension would have required considerable effort
collecting, verifying, patching and enterinig monthty rainfall records from over 300 stations and
then ruiining the rainfall-runoff models. : :

From recent studies, “Watcer Resources Evaluation for the Proposed Rooipoort Dam on the

Olifants River”, “Hydrological Analysis of the Hazelmere Dam”, - and the “Re-evaluation of the
“Crocodile River Basin”, where flow records have been extended, it is clear that no significant
. change in the statistical parameters of thé flow records results. Although the perception exists
* that the recent drought of the late 1980's and early 1990's was serious, it became clear from the -
naturalized flows that it was not the most serious drought on record. What made the drought
appear serious was the present level of development in the catchments. The effect of this
* development is however taken into account in the models and therefore 110 adjustiment of virgin
or naturalized flow.was necessary.  Since the primary evaluation was based on the WRPM which
- uses a slochastic approach, it was decided not to éxtend the flow récords as no change i results

was likely. . : S o '

4.4 Available Water Resources
4.4.1 - Surface Water

-~ Utilisation of sireaiﬁﬂoxv in the Study Area has been developed lo the extent that large storage -
‘dams have been constructed in virtually every main river to regulate the variable runoff to meet

increasing water demands,

" Within the St&&y Ared, ninety storage dams have been identified as illustrated in Tablé 4-3 of
Supporting Report B. Probable drought flow records for specified points of the Crocodile and

Olifants river are shown in the Table 4-3 of thisTeport. :
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442 Expected Retumn Flow aid Inciemental Urbai Runoff

‘The major coniributars to reium flows in the Crocodile River basin are the municipal and
industrial sectors. Since most of the water for urban watet supply is imporied from adjacent river
systems, these return flows have in the recent past, effectively constituted an inter-basin transfer
of water into the basin which has supplemented the natural runoff: In order to cvaluate such
retim flows which represent an imporlant water resource in the basiti, DWAF in assocnauon with
BKS, cohducted a study and reported on the “Urban Demands and Return Flows in the Crocodile
River Catchment (CRCS)” in August 1990. The conclusion of the stidy was that the retum flow
from major sewage treatment works in the Upper Crocodlle sub: ‘systeint will comiprise about 59
% of the total quantity of water supplied in urban areas in the target year 2015, :

Since the reésults of the'CRCS were ongmally pubhshed environimental conditions i in the river
basin have changed slightly 5o it was 1riecessary to update the conclusions. In Juné 1996, DWAF
in cooperation with BKS, executed a study to determine optinium operating rules for the transfer
of water from Hartbeespoort Dam to Vaalkop Damn and to address concem rcgardmg possd)le
over estimation of return flows as well as urban water demand projections. The average refum
flow ratio, esfiniated from this furthier study, was about 53%. In addition, mcremenlal surface
runoff due to urbamsahon was considered to be about 45 mcm/a in the specnﬁed areas.

The summarised return flows and urban r'unoff for the Crocodile River to be app!ied in this Sfudy
are¢ shown in Table 4-3 and the retumn flows and runoff from urban areas in 1995 and in 2015
(Case 3 - Alteinative 2) are assumed to be as shown in Table 4-4 and Table 4-5 respectively.
4.5 - Water Demands

45.1 anary Water Demand

anary water demand includes provmon for domesuc use, industry and mining. Thc baSIs for
projecting fulure pnmary water demands is descnbed in Secuon 4.3 of Supportmg Reporl B.

Smce prOJcctcd pnmmy water demands in Supporlmg Report B are net values al the outiet from
water treatment works, an allowance of 5% for treatment losses and a further allowance for the
losses from the water source to the purification works are added to the net values. The primary
water deniands assumed in the water balance simulation are presented as net values, after
deducting the amount of groundwater wtilised, in Table 4-6. These estimated primary water
demands were allocated according to present supply conditions and the relatmnshlp belween
demand and supply at each locanon as shown in Table 4-7.

452 lmgatm‘n Water De'mand

The current practices concerning lmgatmn ‘and the esllmated 1mga!10n demand is shown in
Section 4-3 of Supporting Report B.

4 5.3 ~ Stock-watering Demand

“Inthe Study Area, there are large areas of grazing land for livestock breedmg The water demand
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for stock-watering is discussed in Section 5.5.4 of Supporiing Report B. and is estimated to be
about 8.4 menv/a. '

~ 4.5.4 Environmental and Other Requircments

The applied simulation model is set up to simulate the behaviour of the system when required
“to satisfy a specific set of water demands for primary use and irrigation. Other.important water
‘requifements are for sustaining in-stream ¢cosystems and for satisfying international river flow

commitments. These are described in Sections 5.10 and 5.11 of Supporting Report B.

Riverine ecosystems and othier water requirements for environmental purposes do not enjoy legal
recognition under the present legislation and existing water resourcés development was generally
planned without specific provision being made for this aspect. Consequently the actual in-stream
flow requirenients of the rivers in the Study Area are not quantified. ' ‘

: Sin'g::{a_'_eni'_-iroﬁ'r‘héhlal water 'req_uir'emerils are generally rion-consumptive and a significant portion
of irrigation water requirements are absiracted directly from the river, the water balance simulation
does not include specific provision for this purpose. : ‘

All of the rivers i the Study Arca are of intérest to one or more neighboring states and would be
subject to international rules for best joint utilisation as originally codified in the 1966 Helsinki
Rules. ‘Although discussions on the developnient of international rivers have taken place between
RSA and the ¢o-basin states, the river regime required at state boundaries has not been quantified.
‘A simplified assumplion was made that the residual flow in rivers; including flow to sustain
ecological systens, would satisly inter-state obligations and that new development proposals would
be discussed with neighboring states before implementation. - C

4.6  Results of the Water Balance Siniulation
4.6.1 ‘Simlulaticm and Assessment of Case 1

In the present situation the existing water resources infrastructure can easily cope with the
primary water demand at the postulated level of assurance. For irrigation there are cases where
the irrigation falls below the postulaied levels of assurance but these have been previously
“selected and accepted by the relevant irrigators. Examples include irrigators from Qlifantsnek -
Dam and from Swartsruggens Dam. :

The major influence on the high levels of supply is the significant quantity of return flows into
the area. For tlie present conditions this amounts to some 120 menv/a in the Upper Crocodile and
89.5 menva in the Pienaars and Apics catchments. Table 4-8 and Table 4-9 indicate the demands
and actual supply for each source of supply.” Thesc figures are average annual values. The
storage water allocation to existing reservoirs by Service Zone is illusirated in Figure 4-3, Figure
- 4-4 and Figure 4-3 for Case 1. In Part I of the Data Book graphical representations are given for
a number of selecied sites and parameters. These include traces of the storage state and supply
levels at selected points. “Also included are the transfers between Haribecspoort Dam and
Vaalkop Dam. -

49



The résults of the comprehensive assessiment of the Case 1 simulation are discussed as follows:

(1)

Crocodile River basin

(a) Upper Crocodile

Prlmary water demand in 1995 was relatively low at 15 mcmfa whlch can be met
with 1o risk of failure from Hartbeespoort dam. ‘A significant amount of irrigation
is supplied froim this sub-catchment with 64.9 mefiv/a being drawn froni‘run- -of-river
flow, mainly from the Magalies river. Since the Magalies River is fed from a sfrong
dolamitic aquifer, the security of supply is about 70 % of the water demand Most
of the water used from the storage in' this sub-catchment is supphed to GWS
irrigation areas with a demand of 136.6 mem/a.

Since the river ranoff to Hartbeespoort Dam consists of natural river ranofY and

' retum flow compnsmg of treated watcr from the urban area of Grater Johannésburg,
~avery high security of supply is assured.

Buffelspoort dam is subject to regular and 31gn1ﬁcant shortages bccause more land '
has been schéduled than can be supplled with assurance. Farmers plant cash crops

~ and use the water beneficially when it is avaitable. Irrigators using the river runoff

between Hartbeespoort Dam and the Roodekoppjes Dam enjoy a high level of
security and their demand of 29.4 mem/a is almost fully met.

The overall situation in the Upper Crocodile River for 1995 is that the primary

- demands can be met with no deficit. In addition, a surplus of 63.5 rirem/a is available

at Hartbeespoort Damy of which up to 32.5 mem/a is exported to lhe Elands river
system at Vaalkop Dam.

(b) Picnaars River: -

- This river systen compnses (wo main storage dams at Roodeplaal and thvoor and

two minor dams at Bon Accord and Leeukraal. These units operate as a systcm and -

‘benefit from significant retum flows upsiream of Roodeplaat and upstream of

Lceukraal

Primary water requirements in 1995 of 30.5 mem/a at Roodep]aétt and Leeuvkraal
dams are fully supplied. Irrigation demand on Roodeplaat Dam, Bon Accord Dam

- and Klipvoor Dain, which totals 82.4 meny/a, can be met with a ralhcr high security

of supply, and 75 % of the run-of- nver user demand of 39.9 mcm/a is met.

- (©) Elands River:

The Etands River systein compnses a number of small dams and a major dam at
Vaalkop. This system is augmcnted by transfers from’ Hartbeespoon Dam and
importation from Rand Water. The priinary water demands are mainly supplied from
Vaalkop Dam with 30.5 mcm/a and also from the Bospoorl Dam where 1.9 menva
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is availablc" 1.0 mem/a froni Koster Dan is sufficient.

Imgallon from the Ohfantsnck Koster and Lmdleyspoort Dams, with a total demand
of 25.6 mem/a, is subject to shottages (about 16.1 menva or 63 %), within the target
security criteria whiile 2.7 mem/a is supplied from Vaalkop Dam at high security for
irrigation. : '

0111y 32 % of the run- of river 1mgauon demand of 16 7 meimfa upsiream of Vaalkop
Dam ¢an be met, bul shortages will reduce as Tetum flows graduatly increase. '

() Lower C"rccbdile' River

About 72 % of the total irrigation demand of 63.0 mem/a in the Lower Crocodtlc is
supphed

Ollfanls‘ River basin

“{a) Bronl\horslspmlt

Tn‘outanes of the Olifants Rwer supply fhe eastern part of the Study -Area.
Bronkhorstspruit Dam on the Bronkhorstspruit River is an important source which

" can fully supply primary demands of 14.2 mem/a for 1995 and 0.7 mem/a for

irrigation. The Premier Mine Dam oh the Wilge River can fully supp]y the 5.0
mem/a primary démand at Culiinan.

'(b)' Elands in the'O'iifants'River system

There arc two Dams on the Elands River, namely Rust de Wmter and Mkombo
{Rhenosterkop). The former is intended for irrigation use while the latter was able
to supply only 1.7 mem/a in 1995 due to drought conditions. The supply from .
Mkombo is augmented by 1mportauon s 6f 9.5 mcm/a from Loskop Dam.’ "Of the

“total run-of-river irrigation demand of 9.1 menmv/a; approx:mately 7.3 mcm/a can be
_ supphed fron the Elands River. : :

(c) Summary

In 1995 the Crocodlle River system can meet all primary and i irri gahon requirements

al a high or very good level of security. This situation requires transfers from
Hartbeespoort Dam to Vaalkop Dam and the imporiation of 39.3 mcm/a to the Elands.
catchment and 42, 1 mcm/a to the Plenaars River catchmem :

Local resources in the Ohfams nver tnbutaues uullze exlslmg augmentationt from
Loskop Dam to meet 1995 water requirement.

4.6. 2 Slmulauon and Assessment of Case 2

Case 2 represems the ba.se casein 1he target year 2015 and lt is assumed lhat the existing pnm ary
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water supply from Rand Water to the Study Ared will iricrease in the future, but only up to the
capacity of the existing infrastructure, and that any demand exceeding this capacity will be met
using local watér resources.

The outputs from the simulation for Case 2 are {abulated in Table 4-10 and summarised in Table
4-11, and the water allocation plans on existing and already programmed water source facilities
are illustrated in Figure 4-6, Figure 4-7 and Figure 4-8.

The results of the comprehensive assessment of the Casé 2 simulation are summarised as follows;

(1)

@

Environniental change of water resources:

As a general trend of the Case 2 study, it can be noted that the incremental retura flow
from the Crocodile River sub-catchment is about 97.4 met/a or 44 % of the 1995 level.

The impdct of this, thercfore, will coniribute greatly to lmprovc the water resources
availability in the Study Area.

In parallel with the efective ulilization of the return flows fmm treated emuent of urban
water users, it is necessary to closely monitor the water quahty of stch return flows :
which must be maintained at an acceptable level for subsequent primary use of the water,

The assunited irgation water requirement does not change between 1995 and the target
year 2015. The differences between Casé 1 and Case 2 therefore, represent the balance
of incremental primary water demands, incréasing available water resources from
increased retumn flows and imported water from Rand Water, the iticremental amount of -
which is about 44.8 mem/a (126.2 - 81.4). ‘

' Méjdr_ differences between Case 1 and Case 2

(a) Cfobodile River basin,

1) Upper Cmcodlle
Both primary and 1mgatlon water demands can be met from waler resources
available within the basin except for water abstracted from run-of-river for
irrigation purposes. Other matters are similar to the results of Case 1.

ii) Pienaars Ri\-f‘err

" There is no deficit in: either'the'pn'mary or imrigalion sector (except for the

lmgailon supply from nun-of-river upsteeam of Klipvoor Dam) mainly due to
contributions from incremental urban retuin flow.

iii) Elands River -

The primary water demand is supplied mainly from Vaalkop Dani Whiéh must be
supplemented by transfers from Hartbeespoort Dam where 42.1 mem/a of surplus
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water is available. Onthe other hard, shortages of watcr for irrigation folléw the
same trend as for Case 1.

iv) Lower Crocodile:

Thére is no substantial improvement compared to Case 1.

| (b) O]il‘ants Ri\.re.r'b'asin

The incremental water demand for the primary sector is about 46.4 mcmfa To
stipplenient water resources for Bronkhorstspruit WTW beyond the year 2000, an
import up to a maximum amount of 15.0 micnva from Grootdraai Dam has been
approved under the Kivandebele Angmentation programme. As a result of the
simulation, about 10 menv/a (37.5 - 27.4) of surplus water is available for primary
water supply in the Kwandebele area..

| Sumn_iary of Case 2

Due to the expected significant- increase in reluri flows in the Upper Crocodile and

Pienaars river systems, the primary demand is fully supplied and the imigation water

“supply is also lmprovcd In fact irrigation is supplied at a much hlgher level than is

- nonally the case in South Afiica. In the Olifants River tributaries, the primary demands -
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can also be fully met with the incotporation of the already approved importation from
Grootdraai Dam on the Vaal River. :

““T'he details of reservoir operation and water supply security for Case 2 at five major

Dams, Hartbeespoori, Roodckoppjies, Vaalkop, Roodeplaat and K!lpvoor arelllusirated
m Part [ of the Data Book -

S:mula_tldn and Asscssment of Case 3

Cage 3 - 'Alterﬁatives i and 3

For Case 3, allernative scenarios were analysed for 2015 based on the base case, i.e. Case

2. Only changes in the Westemn Zone and Central Zone were modelled. In the Eastern'
- Zone, only infrastructure altematives were considered and these are reported in Chapter

5. It was assumed that the present level of water importation by Rand Water would not

~ increase, In Alternative 1 it was assumed that’ any s shortfall in the Westeim Zone would

be supphed from Vaalkop Dam and shortages in the Central Zone would be distnbuled

- betwcen Harlbeespoorl Roodep]aat and Leeukraal dams

The rcsults for thns scenario mdlcated shorlages in the 1mgauon supply at Hartbecspoorl
and Roodekopjes dams. Furthermore, since short term shorlages in the trrigation supply

. are, in any case expecled around 2000, : this option is not considered feasible. The
- allocation of shortages was then changed in Alternative 2 so that 25% is supplied from

Hartbeeéspoort Dam and 75% from Roodeplaat/ Leeukraal. Shortages at Hartbeespoort
Dam are minimal but the level of itrigation supply al Vaalkop Dam reached a level
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similar to the 1995 scenario. The exact distribution of allocallon should be optimized
but, from a subjective evaluation of the resulls, it is hl\ely to be a 30/70 split. This would

- still not adversely affect irrigation at Hartbeespoort Dam while the supply at Vaatkop
would be somewhat increased resulting in an improvemerit on the present situation. The
demand and supply are summarized in Table 4-12 and 4-13 for Altemative 1 and Tabtes’
4-14 and 4-15 for Alternative 3 and graphical representations are atlached in Part 1 of the
Data Book as for the first two Cases.

(2) - Case3l - Altematwc2

‘In Altemahve 2 'of Case 3,ilis assumed that the Rand Water supply would be limited to
thie extent of the capacily of the present infrastructure i.c. 39.3 mem/a in the Westem
Zone and 86.9 memv/a in the Cential Zone. In addition, it is assumed that rétum flows
to the catchment will only be 80% of the presciit estimates, Fromt the results of
Aliemnatives 1 and 3 it is clear that rio additional demand can be placed on Hartbeespoort
Dani in the short térm. The expected shortages in the Rand Water Supply Area in the

“Central Zone were therefore allocated to Leeukraal Whi]e lhe shonage in the Westem
Zone was again allocated to Klnpvoor

The tcsults _ihdicate that the ’prima'r’y demands can all be met but that there would be a
reduction in irtigation supply compared to Case 2. This is still, however, at a _slighlly
'higher level than al present (Case 1)’ Results showing the demand aiid supply are given
in Tables 4-16 and 4-17 and graphical representahons are shown i Part I of the Data
Book. :

464 Conclusions

in conclus;on it was found that thc pnmaxy demand could always be met from thc exlstmg water
resources mfrastmclure This should, in reality, have been expected since the penalty structure
lmposed on the model gives much higher preferencc to primary sipply than irrigation supply. - =
Shortages in the primary supply would only occur if there was a complete failure in lmgatwn '

supply.

'Due to the increasing level of retur flows the supply level to lmgalmn in 2015 is sngnlficantly
- improved in the most probable scenario. Even assuming onerous limitations on ¢ither the Rangd
Water supply or the assunied level af retum flows, lhe 1mgat!0n sector will be no worse off than
at present

Water resources utlhzallon in the Study Area is amongst the most devc!oped in the coumry 1t
is concluded that the avallabihty of watér resources for supply of primary and irvigation water
in the Study Area is al a sufficiently high level when the éxpected retum flows from the treated
efMluent of urban users reaches a certain level, and the operation of ¢ach storage oh dam is
properly managed. = S
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Table 4-1: Acceptable Return Period and Allowable Distribulion of Demand

User Sector Distribution of Demand (%)
low_i’rlofﬁi . Medium Priority High Priority
© (1:20 year) ¢ 1100 year) (2:200 year)
trrigation 50 40 10
Urban & Industrial 20 30 50
Mining . ] 30 70
Curtailment Le\’el 0-1 1-2 2.3

Table 42 : Probable Drought Rivé:’r Runioff in the Study Arca

Calch.m.enl '

Naturalised River Ruroff {mem/a)

f{i\'er S)'stem Point (D2m)
) _ ' (km?) MAR | 1:10 | 1:20 1:50 | 1:106
1 Olifanis River (1) Upstréam of Beonkhorstspruit 1,260 474 1a2| 19| 104 9.3
| (2) Beiveen (1) and Premier Dam 1,604 ssa| 16| 38| | ne
| (3) Upstream of Miombo Dam 3,723 sag| n0a]|  saf v ar| o3s
“Total ' | 6587 | 1513] ani| sos| 266] 240
2 Crocoedite River (1) Upstecam Bon Accord Dam 350 2501 123 (12| w2} 15
Pienaars River : _ o _
| | (2) Upstream Rbodeptaat Dam es2 | os3e] 2| ie| 106 99
(3) Between (1), (2) and Klipvoor 6,577 g7 28| 97| s 12
. VI)am . . - ] '
Sub-Total . _ ‘7649 | 1387 383} 25| 289 ‘246
" Uppét Crocodile River | (4) Upstream of Hartbeespoord 4,107 s msloses| sl 462
{(5) Between {4) and Roodekopies 2,016 L6 l9 1.4 . .l A !'.0
Dan _ _ _ |
Sub-Total : 6123 | 1889] 17| 609 32| 472
Elands River (6) Upstream of Bospoort Dam - 1,078 14| 35| 28| 24 21
(7) Upsiream of Koster Dam 284 671 09|  o07]| os] :os|
(8) Between (6), (7) énd Vaalkop' 4,859 g1l 126] 97| si 72
Dam . ‘ - ’ : .
Sub-Total _ 622} 129 o) 12| il s
LowerCrocbdiie' River | (%) Bierspruitconﬂuénce 1015 102.7 18 5.6 ' ‘4‘4’ 4.0
 Sub-Tota! 2015 v027|  18|  se| 44} a0
Total 20789 | sa32| 1388 n22) 976| 236
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Table 4-3 1 Projectéd Return Flow and Urban Runoff in the Crocodile River (2015)

River Section _ Retura Flow Urbhn Runoff Total Naturalised RR*
(mem/a) (memfa) {mecmfa) (mcm/a)
Pienaars to Klipvoor 178.9 157 1946 138.7
Upper Crocodile - ) 2076 20.3 23_6.9 177.3
Hartbeespoort to Roodekoppies | -+~ 2.4 : (X1 24 - 723
Etands to Vaalkop 22.0 .00 220 112.9
Total - 410.9 45.0 4589 5012

* Note: Naturalised river ranoft indicates miean annual runoff (lﬂAR)

Table 4-4 : Estimated Curient Return Flows and Urban Runoff (1995 base)

River Section Return Flow Urban Runoff * Totat - - Naturalised RR*
_ {meﬁu’a)  (mcm/a) " mem/a) {mcin/a)
Pienaars (6 Klipvoor . 895 15.7 11082 1387
Upper Crocodile 1200 29.3 1493 1173
Hartbeespoori to Roodekoppies |~ 1.7 0.0 1.7 723
Elands to Vaatkop e ' 00 1.0 29
Total . Sl 450 - 2672 ©501.2

* Note: Naturalised fiver nnoff indicates mean annual runoff (MAR)

Table 4-5 ; Assumed Return Fiows and Urbas Run_off_ (Alternative 2 of Case 3)

River Setii.on : ' Return Fl!';W\" . Urban Runoff : Total - ' Naturalised RR*
: | @memray {mcm/a) (mémia) . {mcmfa) ‘
Picnaars to Klipvoor: LI 15,7 ': C156.8 _ L1387
Uppei Crocodile | N I.65.3 ‘ X N . 1956 I 177.3
Hartheespaoit 1o ﬁoédékoppies 1z 048 oL , 723
Elands to Vaalkop I T 110 129
Total | - 319.6 o450 3616 . 5012

* Note: Natoralised river runoff indicates mean annval runioff (MAR)
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Table § -6 : Required Sutface Water Amount for Projected Primary Water Demand

Ay

Areaf Block 1994 2002 1015
Total * | Ground- | Surface |- Total | Grousd.| Sucface Total | Ground- | Surface
{mcm} water \\'n!c.r {mem) water Water finem) water Wate
‘ " {mem) (mem) ‘(mem) {imem) {mém) {mem)
(1) EASTERN SUPPLY ZONE
JBronkhorstspruitl
Kwandebele P : ) . .
Mautse | & 3 181 0000 ez - aams) o000 iars| - d088 0.000 3088
Mbibana ° 13 om0l - vou|  208] o160 is1l  199s] . oooo] iem
Mdutjana 2301] - oooo] 23m]  ams|: eoco 47as) . ssis]  oo0of  ssig)-
Kwamhlanga y208] - oo  7206]  so4s|  oocol  sodsf - 9867 0000| 9867
Ekdngala 8.561 0.000 £567]  9.818] . 0000 g818] 12650 0000| 12650
Moretele 2 1335 i.236 oooo] - azis] 1218 oooo] 210s] oo0o] 2105
Bronkhorsispruit 2697 ¢ 0510 r8? socol . osisl  asaal 0 4us0 0.596 3454
Totsl 25.081 1.890 sy 32113 1.916 30097 . 39673 0.596)  39.077
Watei losses (10%%) . . X so0f - 3.908
Area Total 11.405 1s00f . 2s518]  3sam] 1916 33247 43581 0.596| 42985
Culiinan ‘ B ] .
Cullinan 5.020 0430 4390]  5438] 0483 4985 6339 0.502 5.837
Total 5.020) 6430 Tase0| s8] 0453 . 4988|6339 0.502 5837
Water losses {10%) . - 0459] - . 0.499 ' - 0584
Area Total 5479 0.430 '5.049 £.937 0.4%3 © 5484 6.923 os02| - 64
Zone Total 32.884 2320 s0564] 41069 2.369 38.700]  S0.503 1.098 49.405
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Table 4 -6 : Reguired Surface Water Atount for Projected Primary Water Demand

Arén f Block

4-18

1938 _ 2002 2018

Total Ground- Surface foul Ground-| Surfice Total Ground- | Surface

(mem) water Water {mer) waler Water {mem) water Water

] {mem) (mem} (mom) {mem) {m¢m) {mcm)

(2) CENTRAL SUPPLY ZONE '
Roodeplaat - Lo . RE , S
Wallmanasthal ) 2464 0.000 2061) 2909  oo000] - 2009]  3434]  ogoe| 3am
Maretele | 20.459 0.000 20459]  25038] . ooos| 2seis] 35383 . o0 - 353se
Maretele | Nocth 04s51f - 0451 0000] - 044s| - 0445 oooo . 043z oooe| 0432
Warmbaths/Nylstsoom 5.594 1098 4795) . w8 112 4984] | 6468 §290 5.378
Total 29.264 1.850 wais]  sasis| 1e07]  sam) 4sem 1.290] 44633
Water lasses (10%) . . 2972} - . im . - 4.463
Area Total 32080 1.550 sods0]  s7sm|  aeor]  3620a]  s0sse L150]  49.09
Hartebeestpaort e L § ) : :
Briis 10607 ¢ 200 w4or] 1sn| 030 14253] - 20376 0000] | 208
Schoemansville . 3363 0.000 3263 ¢ 3853 - 0000 asssf s5244]  oooo] 5244
Total “13sm) 0200 13670]  18.426]  03t0]  isiee] 2602 0000 26123
Water losses (10%) ; 1361 - . s - 2612
Area Total 15237 o200 1sos7] 20239  eaze|  wserr] 280 do00f 28738
Klipvoor - ) . '
Kfipvoor 1818 1818 oooo| ues] 1m0 0415 1148 0000 1.746]
Water losses (10%) - o000 - ooss - . 0175
Area Totel 1.318 1818 0.000f 1837 1.380 0.457 1.921 ‘0.000] - 1920
Mabopane/Soshanguve Caes| 0696 49100] 672896 oooo] . 678%6] 107033  0000] 10703
Zone Total - 93.891 4.264 95621 127800 3307 1244:] ssors|  1av0f 136785
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Table 4 -6 ¢ Reguired Suface Water Aniount for Projected Primary Water Demand

4-19

(3/4)

Areal Blotk 1995 2602 2018
Tolal - | Grousd- Surface Totat Grouhd- Surface Tomal Ground- | Surface
(mem) waler YWater (mﬁu) water Water {mem) n:-:lcr Water
. “{mom) {mem) {mein) {mcm) i (mem) {mem)
(3) WESTERN SUPPLY ZONE
\’saIkOpINorth : . . .-
Thabazimbi and 12410 won| 22ess] 1240 w02ss 23292 12410] 082
Mokgalwaneng s286) - 0070 sae] - 5313 - oelo s323) C san) 0000] s444
Sefikile oa0s] 0050 oose]l “aiss| - 0650 010s) : 0165] 0000 0165
Ramakokostad o1  oue ooos] coisy| ooso]  oa33f  o203) o000 0203
Saulspoont 4090 0290 asoo]l  sae 02| saes]  sass)  ooool gned
Mogwase/Sun City 7649 0.200 7435]  g'sse] oazo]  saze] 1027 0000] 10276
Bethanie ' 1221 0.000 T ues| . eooo 161s] o 2038)  0000] 2138
Tolal 40.916 13.150 nas] - s 13 330691  sossy|  12410] 38287
Water losses (10%) . . 2776] - - 3409 - - 31826
Aréa Total aan| s sosial  soesel 1smio] . 3na76) o seass]  1date] 2083
Koster . ] . . N )
Kaster 1077 0.410 WY LRS! 043 el 130 0480 © 0840
Swarlsruggens 0.458 0.180 0278 0485 0.9 0295]° 0542 0.210 0.337
Total 1,535 0,599 098] 1639 0610 1019 1.862 0.690 172
Water bosses {10%0) - - 0095 - - 0.102 - - 0117
Area-Totat 1.630 0.590 1040 1.744 0620 - L2 1879 6.650 1.259
‘Rusténburg Baipeng i ‘ ' .
Tiaseng 0187 0070 187l o3 0ds0 0375 0482 0.000 o482]
Pasrdekraal 9.841 0000 gsn| 12157]  owooof  i2asz]  wdesy]  oooo - 14287
ietal 10028] - oot oo izsas|  oase] a2ss] o140 a.000] €473
Water lossés £10%) . : Lomf - . 1254 1474
[sub-Tota! (2 Blocks) 11,10 0.070 noal - i3s3l odse] T 1389] - 16283 0.000] 16203}
" {Rand Water S s : S o . B R :
‘| Phokeng 15795~ G000 as7es] 16| 0000 16799]  18850]  oooof . 18.6s0]
Rustenburg/Thlabane 10677] 0000 01| o 1Lss 0.000 1,791 14.463 0000 - 14454
Bapong 11.809) . 0.000 1509 139%¢) 0000 13996]  155m] 00000 15531
Sub-Total (3 Blocks) 38.381 0.600 asasil  42s36]  ooo0f  4nsss]  4seis 0.000] 48645
Arez Total 49.382 0.070 39.312] sesas] - oasef  se37s|  eemss]  o0000]  eisss
Nzone Tota 94733 13880 so.883] 10895t #3880 sdem} 230 13.100] 108.230



Table 4 -6 ; Required Surface Water Amount for Projected Pritiary Water Demand

Acea ! Block 1995 1002 2085
Tots! | | Ground- Sutface | Totsd | Grovad-| Surface Total | Ground- | Surface
(mrm)l waler Water - '(mtm)_ water Water {mim) . waler Water
(mem) | (mem) wemy | memy | “(mem) | (mem)
iy craxD.TOTAL 1 : ; | . o . _
leasten 32884 2320 ansed] avose] - 2369  3s700]  50.503 1698] - 494058
Central o391 4264 adear] ci27.800) - s307] . i24d9a) vsso7s| . 1990) 185785
Wesler “94.733] - 13850 goge] 1089s1] 139s0]  sdom] 121330 1nac0] -i0s20
Total n6s07|  20433]  206003] dmsul  ivese|  23sies) 3sesos|  15488] 34ad20
{5) BREAKDOWN OF :
SURFACE WATER o . . . L :
Eastérn 30551] . 30.ses ooooh  38700] 3s700]  oooo] asa0s|  asd0s| oo
Cealral g1621] - d5527]  a9.a00] 124493]  s6s97] 67898]  186.785 79952 10701
Western so8e3]  42em waei|  osen|  s23ss]  azsse]  108230] s9sks| 48445
Tolst 706073 niseor]  s7ami] 258465 147683 in0.4s2f 34s.420|  188.742] 158678
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Tabled-T: Allocation of Priniary Demand -

Demard Centre _ © Souirce 1995 Demand 2015 Demand
{(mem/a) {mem/a)
Brits, Schocmansville | Hartbeespoort 15.0 287
‘Wallmannsthal, Morétele, Moiétele | Roodeplaat /1 ecikraaf 305 49.1
North, Warmbaths, Nylstroom .
Klipvoor | Kiipvoor _ : 20 1.9
Mabopane, Soshanguve | Rand Water . $B6| 107.0
Thabazim!:iji, Mokga}(xane‘ﬁg,’ Vaalkep 305 421
Sefikile, Ramokokstad, Bethanie, '
Rustenburg North
Rustenburg, Phokeng, Bapong Bospoori / Rand Water 197393 197393
Koster S _ Koster : I0 _ 13
Bronkhorstspruit, Ekangata, Bronkhorstspruit, ' 14.2 T A
Ekandusiria, part Tweefontein .| Grootdraal import : : S
‘Remainder of Kwandebele | Mkombo, Loskop : 17195 125195
: Import : ’ ‘
‘Cullinan . Premier Mine o : 50 } 64
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Tablc 4-8 : Summary of Watcr Balance of Case 1 (1995 base) -

Water Resource Primary \Yater (n’{tm.’é) Irrigation Water (m'cmfa)'
Requirement Supply Requirement  Supply
Storage Storage Storage River Storage River
Dam Dam Dam Dam -
l.l-oéal Water : ) _ : .
- Upper Crocodile 150 150 1366 659 | 1316 | s
- Piehaars 325 325 82.4 399 | <939 1300
- Elands 334 33.0 83 67 188 | 53
- Lower Crocodité 00 - 00 00 | 630 00 | 454
- Bronkhorstspruit . 192 192 0.7 ._ 6.0 06 J00
- Elands (Otifants) 17493 174954 0.0 9.1 00 | . 13
Sub-Totat - 1L3 109 248.0 1936 | 2249 |33y
2. Rand Water 81.4 IV . . . ;
Sub-Total 81.4 314 . . . .
Grand Total 192.7 19213 2480 193.6 224.9 133.)
Note)  * Impored water from Loskop dam ' ' o
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Table 4-9 1 Water Bala’_ncc for Case 1 (1995 base)

Water Resource

Pima ry Waler (mcm/a)

Ierigation Water (m&nl’aj

Requirement Supply Requirement Supply
Storage Storage Storage Ri\'cr Sioragé River’
_ _ Dam Dam Dam Dam
1. | Crocodiie River Basin
1.1 'Upﬁer Crocodile _ _ ]
Hartbeespoort: 150 | 15.0 1006 | 639 97.01 450
Buffelspoort 0 : 0 6.6 0 6.6 0
Roodekoppjes (I o | "2m4| o 20| 0
Sub-Total 50 150 366 639 | 1316 450
1.2 Pienaars .
"Roddeplaat/Leeukiaal 305 ' 30.5 611 135 66| 130
Bon Accord 0 0 1ns 0f 1S 0
Warmbaths 0 _ 0 22| 08 1.9 07
Ktipvoor _ 20 .20 620 | 256 539|164
—Sub-Tofal E 325 824 | 99| B[ 301
1.3 Efands . ‘
Bospoort 9. ' 19 0 0 0 0
Olifantsnek 0 ‘ 0 . 43| o 7.7 0
Koster 1.0 06 - 2.9 0 08| 0
Lindleyspoort 0 0 s4| -0 1.5 -0
Vaalkop - 30.5 | 30.5 27| wer| o 27| 53
T Sub-Tolal 134 330 283 | 167 B8 53
1.4 Lower Crocodile 0 IC o[ 630 0| 454
“Sub-Total 0 0 0| 630 0| 454
- | Total _ 80.9 TS 2073 | 1843 | 2243 | 1258
3 "] Upgper Olifants River Basin
‘ 2.1 Bronkhorlspruit _ .
Bronkhorstspruit 142 12 02| oo - o6} . 00
Grootdraai import - S = o o
Premier Mine - s0 - 5.0 00| 00 00| 00
Sub Total 97 19.2 B7| 00 06| 00
22 EIandsofUpperOlifanls ' ‘ : : : .
~ Rustde Winter - 00 0.0 00| 65 00| 52
. Mkombo - 1.7 1.7 00| o0 0.0 0.0
Moses o0} . 00 oo | 26| 00| 21
Loskop imiport 95 9.5 oo| oof 00| oo
T Sub Total iz 7.2 00| 9 00 | 73
Towt 304 304 67| 9 06| 13
[T Grand Telal KR 69 2430 | 1936 | 2299 | 1331
- [3 T Rand Water , : _ '
3.1 Central Zone 421 421 . . . .
32 Westem Zone 39.3 393 . . -
Total 84 S T 00| 06 0000
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Table 4-10 :  Water Balance for Case 2 (Base Plan - 2015 basc)

Water Resource

P_imarj' Waier (mmﬂa}

]rrfgétion Water (mcﬁfa)

4-24

Requirement Supply " Requirement Supply
Storage Storage Stdragé River Sterage | River

_ o Dam Dam Dam Dam '

Cracodile Ri\‘er Basin

1.1 Upper Crocodile : o ,
Hartbeespoorl 287 87| 1006 619 1006 ] 530
Buffelspoort 00 0.0 66| 00 66| 00
Roodekoppjes 0.0 0.0 294 00| 249} 00

Sub-Tolal 287 287 | 1366 699 1366 | 33.0

1.2 Pienazrs _ _ R R
Roodeplaat/Lesukeaal 49.1420.1 49.1+20.1% 6.7 13.5 6.7 13.5
Bon Accord 0.0 0.0 is| oo 11.5 0.0
Warmbiaths 0.0 00] . 22 08 2.2 07
Klipvoor 19 19] 620| 256 58.01 . 188

Sub-Tofal 701 7i1] 824 | 399 785 330

[3 Elands '

Bospoort 19 19 00| oo 0.0 0.0
Olifantsnek 6.0 0.0 13| 00 71{ 00
Koster 13 06 29 0.0 09| 00
Lindteyspoort 0.0 0.0 84 00 251 00

_ Vaalkop 4215224 | 42042244 2.7 16.7 2.1 56
Sub-Total 7| 60| 283 167 88| 36

14" Lower Crocodile - 6.0 0.0 LA 630 00 ] 471
Sub-Total 00, 0.0 00 | 630 0.0 |~ 471

Total 675 1668 | 2473 | 1845 2339 | 138.7

“Upper Otifants River Basin '

2.1 Bronkhorispruit - _ . )
Bronkhorstspruit - 16.1 16.1 07| 00 0.6 0.0
Grootdraai import 49 49 00| o0 06| oo
Premier Mine - 64 64| 00| o0 00| 00

‘ Sub Total 274 7Wa4| 67| 00 06| 00

37 Flands of Upper Olifants _
Risst de Winter - 0.0 0.0 0.0 6.5 00| 52
Mkombo 125 125 0.0 0.0 00| 00
Moses 00 00| o0] 26 oo | 2t
Loskop import 9.5 95| 00| o0 00 0.0°

I ~ Sub Totat 220 220 00 91 00| 73

Total 494 A 07| orf o0& 73

“Grand Total 2169 2062 | 2480 | 193.6] 2345 [ 1460

Raad Water . —

3.1 Central Zone 26.9 86.9 . . - -

3.2 Western Zone 393 39.3 N - .

Total Y262 | 12| 00| 090 DX X

Note) B Imported water to the Rand Water Supply'Area .




Table 4-11: Summary of Water Balance of Case 2 {Base Plan - 2015 base)

Water ﬁesourcc S Primafy Water {mcmfn) ‘ Irrigation Water {mem/a)
Requirement - | Supply Requirement Sup;;ly
S‘tomge Dam Storage Dam Storage River Storage River
Dam " Dam
1. Local Waler _ _ _ 7
“Upper Crocodile ®T 387 “TeE | 9 | 1366 | 330
Picnaars ni IR 824 99 | 15| 330
Elands 67.7 510 283 16.7 188 | 36
Tower Crocodile 00 50 00 | 80 TN T
Dronkhorstspruit 23.5¢49 238349 0.7 0.0 06 0.0
~ Elands (Olifants) _1_2.'5+9.s' 12.549.5¢ 0.0 9.1 0.0 7.3
“Sub-Total | 2169 206.2 2080 | 1936 55 | 1360
2 Rand Waler 1262 %63 T R ;
cr-.sna:m. _ TEAI 3434 380 | 1936 | 235 | 1460

- Note)

* lmpc-)-r"t.ed waler from Grootdrass and Loskop.dams.




‘Table 4-12:  Water Balance for Case 3 -_‘;\Itérnativé' 1

_ Pimary Water (:ﬁcmla)

Irrigatidn Wafer (mc&z,:f_a_)

Water Resource
Requirement Supply Requirement Supply
Storage : St.orage Storagé | River | Storage | River
‘ Darni Dam Dam Dam

Crocodile River Basin '

1.1 Upper Crocodile . . . T
Hartbéespoort 2874324 | 2874324 1006 | 69| ‘970 s30
Buffelspdort 0.0 0.0 66| 00| 66| - 00
Roodekoppics 0.0 0.0 294 | 00} - 280 0.0

_ “Sub-Total K] 611 1366 | 639 ] 26| 330

1.2 Pieniars . .
Roodeplaat/Lecukraal 49.1432.5 49.1432.5¢ 6.7 13.5 6.7 13.5
Bon Accord 0.0 0.0 ns| oo 115 0.0
Warmbaths 00 0.0 22 os 22| o2
Klipvoor 19 1.9 620 | 256 616 | 188
" Sub-Tofal €35 835 814 [ 399 §£0]7 530

l.3‘l'§lands ' ) o
Bospoort 1.9 R 0o | 00 00| 00

© Olifantsack 0.0 00 43| oo 7.7 0.0
Koster 13 0.6 291 00 09 0.0

" Lindleyspoost _ 0.0 0.0 84 00l - 25| o0
Vaalkop 2041274970 | 42141274900 27| 167 27| 53
Sub-Total 617 67.0 783|167 83 33

1.4 Lower Crocodite 00 0.0 00| 630 00 | 484
T Sub-Tofa} o0 0.0 00| 638 00 | 484

Total EIPER 206 | 2473 | 1845 | 2224 | 1397

Upper Olifants River Basin 3023 I 3473 | 1845 | 2024 | 1397

21 Bronkhorfspruit - : ‘ . '
Brokhorstspruil 16.1 16.1 07] 00| 06| oo
Grootdraai import 49 19 00| 00| 00 00
Premier Miae 64 64 00| oo ool o0

""Sub Tofal 273 274 07| oo 0% 0.0

32 Elands of Upper Olifants ) _ _

Rust de Winter ' 00 0.0 007763 00 52
Mkombo 12.5 125 00| oo 00| - 00
Moses 0.0 0.0 00| 26 0.0 2.3
Loskep import 9.3 95| o0l 00 00| o0
7 Sub Total 220 730 00 [ 91 00 [ 723

Total ' 494 94 67| 91| 06 73

Grand Tofal 2617 2600 | 2480 | 1936 | 2236 | 1470

Rand Water - ‘

3.1 Central Zone 2.1 421 - . . .

3.2 Western Zone 39.3 393 - £ B .

Totai 814 814 00| 00 00| 00
Note) * Iimporied water 1o the Rand Water Supply Area
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‘Table 4-13:  Suminary of Water Balance for Case 3 -'Alternative 1 (2015 base)

427

Water Re;ourte _ Primé'ry Water (mcm/a) Ifrigalion Water (intrhln)
Requirement Supply Req’ui:.-ement Supply
S!o.rage bam Sto:r.ag-e Dam Storage . River Storage 7 River
_ Dam | Dam -
l,Lo._caIWater _ — i
“Upper Crocedia 6T ST %6 [ &9 |16 | 530
Pienaars 835 835 | 824 | 399 220 | 330
 Elands 67.7 610 | 283 67 | 188 | 33
TTower Crocodite ) Y ST X 50 | 483
“Bronkhorstspruit 25449 22.544.9% 07 6.0 06 73
Elands (Olifants) 125495 12:549,5¢ 0.7 9.1 06 73
Sub-Total ' 261.7 27610 | 2480 1936 3336 [147.0
7 Rand Waler §i4 814 : : : :
Grand Total EE] 3314 H0 1956|9230 [190
_ Notc). ¥ Imporied water from Grootdraai and Loskop dams. .




Table 4-14 1 Water Balance for Case 3_-"Alferiiatii'e 3

Water 'Resou rée

_ l’_imm"y Wn(er.(mcmla) _

Irrigation Water {m¢ mlé)

Requirement Supply ﬁequirémenl Supply
Storage : Storage Storége ' River | Storage | River
_ ‘ Dam " © - Dam - Dam Dam
i Crotﬁdiie River Basin

1.1 Uppér Crocodile . : . . _
Hartbeespoort 2874162 23,7+16.2* 1006 | 619 00| 530
Buffelspoort 00 0.0 66| 00 66 [ 00
Roodekoppjés 0.0 0.0 294 | oo o 294 00

Sub-Total - 49 TS| I%66 | 619 | 1366 | 330

12 Pienanrs — _. _
Roodeplaat/Leeukraal 49.1+48.7 49.1+48.7 6.7 35| - 67 135
Bon Accord 0.0 0.0 115 0.0 1.5 0.0
Warmbaths 0.0 0.0 22 o8| 22| o7
Klipvoor 19 L 630 56| 569 i8.8

Sub-Total 59.7 597 814 | 399 | 73| 330

1.3 Elands 1 ' : : _

Bospoort 19 R co| oo| 00 0.0
Olifantsnek 0.0 00 14,3 0.0 1.7 0.0

Koster 12 0.6 2.9 0.0 0.9 0.0
 Lindieyspoort 0.0 Y 8.4 go| 75 0.0

' Vaalkep A21412.749.7 | 4214127497 27| wer| 27 53

_ Sub-Tofal 677 TeT0 B3| 167 183 53

14 Lower Crocodile - 0.0 : 0.0 0.0 630 00 _ .48.4

" Sub-Total 60 Y T G 00 | 484

Total _ 2123 M6 3473 | 1845 | 2327|1397

2. | Upper Qlifants River Basin ' ' '

21 Bro-nk'hor'lspruii L T _ ‘ ]
Bronkhorstspruit 161 16.1 a7 | 00] o6 0.0
Grootdraai import a9 A 0.0 0.0 00 0.0

- Premier Mine - 6.4 64 0.0 0.0 00 0.0
Sub Total s 214 07| 00 06| 00

2.2 Elands of Upper Olifants . _ : _ .
Rust de Winter 60 0.0 00| 635 0.0 52
Mkombo 12.5 12.5 00| 60 0.0 0.0
Moses 0.0 00 00| 26 0.0 2.4
Loskop import o5 95 00| o0 0.0 0.0,

$ub Total 730 720 0.0 9.1 0.0 73

Total 154 494 07| 91| 06 73

Grand Tolal 2617 7610 2480 | 1936 | 2333 | 1470

3 Rand Water 7 .

3.1 Central Zone 42,1 424 . - . .

32 Western Zone 93| 39.3 . . . .

Total sid | 814 0.0 0.0 0.0 0.0

Note) E Imported water (o the Rand Water Supply Arca
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Table 4-15:  Summary of Water Balance for Case 3 - Alternative 3 (2015 base)

Water Resource

Primary Wate (memifa)

Irr'iga'l‘lon Water (mcm/a)

Requirement Supply - Requiremmt ' Supply
Storage Dam Storage Dam Storage River Storage River
- Dani Dam
. Local Walér o )
- Upper Crocodile FICE 449 | 1366 &9 [ 1366 30
 Pienaars 997 99.7 g24 |99 | m3 | 330
Elands 611 60 | 23 [ 167 188 | s3-
TLower Crocodile o0 ~00 06 | 630 0.0 %4
" Bronkhorsispruit - 225449 22543.9% 0.7 0.0 0.6 0.0
' Etands (Olifants) 12.549.8 12.549.5¢ 00 | 9t 0.0 7.3
Sub-Total RV %o | 2480 [1936 |33 | 1470
7. Rand Water 814 814 : : - o
Grand Tolal 3131 TUREAT | mse [1936 [293 [0
Note) K lrhportéd water from Grootdraai and Loskop dans. ' |
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Tabled-16:  \WVater Balance for Case 3 - Alfernative 2

Water Resource Pimary Water (memfa) ~ lrrigation Water {mcm/a)
Requirément ‘Supply Req'uireménl _ Supply
Storage Storage Storag | River | Storage | River
Dam Dam ¢ Dam
Dam’

1. | Crocodile I@i'\'er Basin

1.1 Upper Crocodile

Hartbeespoort 287 287 1006 | 649 1006 ) 530
Buffelspoort - . 0.0 00| . 66| 00 66) . 00
Roodekoppjes 0.0 00| 294] 00| 2947 00
T Sub-Total 387 BT | 1366 | 69| 1366 530
1.2 Pienasrs . ' - : : .
RoodeplaatLecukraal 49.1420.) 49,1420.14 67| 135 651 135
‘Bon Accord’ 00| - 0.0 1Hs{ 00 WS 00
Warmbaths 0.0 _ 00| - 22{ o8 221 07
Klipvoor : 19 19| e20| 256| s46| 188
Sub-Total — an T | 824 99| 750( 330

13 Elands ' _ B I
" Bospooit 1.9 19| ool oo oo| o0
. Olifantsnck : 0.0 00| 143 o0 7| 00
Koster S e 06 29 oo| 09| oo
" Lindléyspoost 00| 0.0 84| o0 25| o0
" Vaalkop S 4214127497 |2Li+12.749.70 | 7 27| 167 237 5.3
Sub-total | XA 610 | 283 | 167 | 188 53
T4 Lower Crotodile T o0 -~ 09 00| &0 | 00| 466
T SubTetal 00 ~ 00 00 [ 630 00| 466
Total '- 1675 1668 | 2473 | 1835 | 2304 | 1379

2. | Upper Glifants River Basin

2.1 "Bronkhortspruit . o : '
Bronkhorstspruit e 16.1 _ 161} . 07| ‘0d 06| 00

- Grootdraai irport 491 491 ‘60| f00{ 00 00
PremierMine | 64 6.4 00| o0 00| o0

| “SubTotal 374 274 07| 00 46| 00
2.2 Efands of Upper Olifants _ - . _ N
“Rust de Winter T 00| 00| oo &3 00| 52

" Mkombo _ 12.5 12,5 00| o0 00| o0
Moses - 0.0 00| 00| 26{ 00| 21
Loskop import ' 95 95| 00| ‘o0 0o 0o

Sub Total 220 26 00| o1 oo 13

Tofal . '_ 494 W4 67| 91| 06| 713
Grand Total 7169 2162 | 2480 | 193.6 | . 2310 | 1452
37| Rand Water . ' . : o
3.1 Central Zone © 869 86.9 N R . -
32 Western Zone 3931 393 s - N ;7_- S
Total %62 3|00 oo 00| o0

Note) * Imvported water to the Rand Water Supply Arca
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Table 4-17 1 Sumimary of Water Balance for Case 3 - Alfernative 2 (2015 basc)

lrrigation Water (m'crhla)

Water Resoutrce Primary Water (mem/a) -
Requirement Supply Requirement Supply
Storage bam Storage Dam Storage - River Storage " River
Dam Pam
i Loéai wéter o _ _
~Upper Crocodite 7 37 | 166 | 619 1366 | 530
Pienaars 711 71.4 824 399 75.0 330
Elands 61.7 6.0 | 283 16.7 3.8 53
- Lower Crocodile 6.0 0.0 0.0 63.0 0.0 46.6
Bronkhoistspruit 274 274 0.7 0.0 06 0.0
Elands (Olifanis) 220 1220 00 9.1 0.6 7.3
Sub-Total 216.9 2162 2480 193.6 2316 1452
3 Rand Water 176.2 1262 - - :
~Grand Tofal 431 5534 2480|936 [ Di6 - [1452
the) * Impoited water from Gmotdraai and Loskop dams.
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Figure 4-1 : Schematic Diagram of Crocodile River Sys.tem
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Figure 45 Storage Water Allecation Plan

Eastern Zone (1995 Base)

-------------

17 Weltevreden W.W. 0.5
- |'r&§é{:6r§ - e (11.2)  §mcncimes
.85 |
Y. . — S——
Rustde Winter { - .} Mkombo Dam 55
Dam (Rhenosrkop) : Loskop Dani
T cdllinan it
: 5.0 : ' Bronkhosrtsprust
""""""" ‘ Ekangala
T ‘ 2.4 . :
Cullinan WW.
5.0 ' —y
Bronhorstpruit WW|-
{14.2)

0.0

Premier Mine Dam |g-

Y Bronhoislprdi_t Dam

b
<

Groofdraai Dam’

Unit :(mcav/a)

Note : DNRR indicates Deonght Naturalised Rncr Runoff at once a ten
years retuim period.
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Figure 4-8 : Storage Water Aliocation Plan

Eastern Zone (2015 Base)
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CHAPTERS: INFRASTRUCTURE DEVELOPMENT
PLANNING



" CHAPTER 5 INFRASTRUCTURE DEVELOPMENT PLANNING
5.1 Assumed .Désign Sian(lards'aml Cost Curves

Infrastructure development planning can be viewed as the core of the technical component of
Phase 1 of the Study. All other technical {asks were either required in preparation for the
infrastructure de\'elt)pmcnl planning, or resutted from it.

In order {o ensure a consistent approach it was necessary as ai initial step to determine design
and cost paramelers to form the basis for the technical planiing and costing that was undertaken
under this portion of the Study. Criteria for process selection, sizing of pipelines and sirtictures,
information on materials and cost criteria typical of work undertaken ii the past within the Study
Area were identified and recorded. The criteria and paranieters selected for this purpose are
presented in the Data Book.

It is mlporlant to note that the design and costing criteria included in the Data Book were

prepared to record and to inform interested parties of the standards apphed during the preliminary’
technical planning. The critéria preseiited are only representative of generally accepted design

- and costing parameters, and are in no way intended to be interpreted as representing the official

technical standards applied by Magalies Water or supported by Magalies Water for application

- within the Study Area. The assumed design standards do however include many standards that

have in the past been applied by Magalies Water, and can posably therefore serve as a future
basis upon which Magalies Water can dcvelop formal design and cosling standards and/or -
guidelines for its extended supply area. During Phase 2 of the Study, applicable design
assumptions will be discussed and agreed with MW 'md other relevant parties for the purpose of
lhc Feasibility Study.

Desngn standards and cost curves were cleveloped specifically for the foliowmg components of
the water supply infrastructure.

- storage dams and diversion weirs;
- conveyarce canals; . :

- water treatinent works; .

- delivery and distribution plpe!mes
- pumping stations;

- service reservoirs;

- reticulation; and-

- bor¢holes.

5.1.1 .Storage Dainé and Diversion Weirs

Plannmg assumptions and design criteria are presented in the Data Book for three main typesof
dam, viz concrete pravity dams, embankment dams (carthfill and rockﬁli) and ¢omposite dams
having a gravity central section with spillway and embankment flanks, Criteria‘are included for
the determination of spillway design floods, total and eflecnve storage, topographical and
geological evaluation of potential dam sites as well as indicative foundation works (including
grouting), frecboard allowances, the sizing and location of splllways stilling basins and outlel
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works, estimated sedimentation yields for specific sites and typical dam dimensions including
typical embankment, protection and core dimensions and slopes. As dam design is stricly
influenced by site specific condition it was not considered meaningful to prepare a'typical design
using parametric dimensions. Rather, dam designs typical of those found in the Study Area were
présented, using the guidelines and critefia identified above. Cost models for danis are also site
“specific, and it was not possible to present a typical model that can be éxtrapolated between
diffcrent sites. An example was prepared for a specific site, indicating the main measurement
itemis for this kind of project. ‘The relationship between FSL, capacity, yield and the cost for the
specific example aré indicated in the Data Book. - ' '

5§.1.2 Conveyance Canals

Planning assumptions and design criteria for conveyance canals were déveloped based on the
RSA publication entitled “Guidelines for the design of canals and related structures™ The Data
Book conlains guidelines for the determination of Q jias Q aesignr Q detivered M1 Qoses Standard
cross-slope categories are presented as the basis for the standard design and cost models. Canal
cross-section, form and dimensions are identified, as are design details for canal linings. The cost
model consists of a series of cost:versus capacity curves, for varying natural cross slopes of the
groind traversed by the canal. ' : '

5.1.3 . Water Treatnient Works

Design criteria for water treatment works should take account of the quality of the water resource
being. trealed. Raw waters within the Study Area often exhibit high turbidity (Elands River at
“Vaalkop), and/or eutrophic characteristics. Treatment processes therefore, have to provide for
cither sedimentation or for dissolved air flotation {or for both}, prior to filiration. Generally, the
more eéutrophic waters require DAF units in lien of sedimentation. Sources receiving large retum
~ flows from areas to' the south of the Study Area, such'as Hartbeespoort, Roodekoppies,
Roodeplaat, Leeukraal and Klipvoor are eutrophic and require dissolved air flotation to be
. included in the treatment process. Algae rich watérs usually also require special treatment
(powdered activated carbon) in order to femove odour and taste. ' '

Four possible process designs for raw waters typical of the Study Area are included in the Data
Book. The first of these is a conventional treatment process, the second a standard DAF process,
the third a process including both sedimentation and DAF, and the fourth a design proving for
either sedimentation or DAF, depending on the water quality at the specific time of the year. The
various water treatment unit processes are described in the Data Book, and loading and sizing
criferia as well as typical desigus are presénted. The merits and application of the various '
 optional unit processes are also presented in the Data Book. Losses within the {realnient process
are also discussed in the Data Book, and a design norm of 5 per cent'is recommended for this

. purpose. Cost curves were prépared for both the capital cost {for each process chain) as wellas
" the operating and maintenance costs associated with treatment works within the Study Area,

5.4 Delivery and Distribution Pipelines

" Design standards and cost curves were also developed for delivery and distribution pipelines;
- these standards and curves can also be found in the Data Book. Comprehensive data is included
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" in the Data Book relatiiig to all aspecis of the design of bulk delivery and distribution pipelines.
Data and standards are presented for plpelmes all valve types, flow meteérs and associated
structures. Fittings, couplings, and associated matters are also deseribed. The most economical

- pipe type in the RSA for different pressure and flow ranges are included, and these norms formed

-the basis for the preliminary planning and costing subsequently undértaken. Generally wPVC was

‘adopted for all ptpelmes up to 400 mm ND and 1600 kPa, and ste¢l pipelines for the balance.
Criletia are also inchided for the hydraulic demgn of pipelines (friction, peak factors and losses),
for anti-corroston investigations and designs, for the structural (internal pressure, external loads
and msta!lauon conditions) design of pipelines, for plpeime testing conditions and proccdurs.,s
and fof the positioning and sizing of air valve and surge protection devices. Fmally, cost curves
arid tables are included for the costmg of plannéd facilities (capital as well as operation and
maintenance), in order to ensure a common basis upon whlch all alternatives for the Study Area
have been costed.

-Typical design drawings are included in the Data Book for pipeline installation conditions, and’
for valves, flow meters and fittings (isolating valve assemblies, scout valve assemblies and air
valvc assemblies} that are associated with delivery and distribution pipelines.

5.1.5 Pumping stations

Ncw Pumpmg stations are included in the prehmnmry planning of technicat solutions. These
serve (o convey raw water from dams and canals to new or extended freatment plants, to boosi |

- ‘the pressure of treated waler in bulk delivery pipelines, and to raise waier from ground level

~ service reservoirs into pressure towers servings towns and villages.

' Design criteria and data is included in the Data Book in resect of all aspects of pumping station
" design. ‘Specifically, data is included concerning wet wells, forebay design, suction and delivery
pipework, pump types and selection, NPSH nornis, pump speed, motor and motor control sizing
- and design, pump tolerances and tésting,” surge cointrol, pumping station layout, safety
- requirements, hoisting equipment, preferred materials, as well as requirements for operation and
maintenance manvals. Finally a cost curve was developed for the estimation of the capital costs
of new pumping stations; as well as the operation and maintenance cosis associated with
pumping stations. <

Aty plcal desagn of a clear water pumping station has also been mcluded in the Data Book in
order fo indicate the various desngn pnnc:pIcs described, -

5i 6 Re.servons

Many néw reservoirs wilt be required within the Study Area within the planning period of the
Study (10 the year 2015). These reservoirs will either be regional storage resérvoirs (t6 be planned
and instalied by the water board), or service reservoirs (to be planned and installed by the local
autherity). The size and function of a prospectlvc rcscrvo:r will determine its form and the
construction materials to be adopted.

Included in the Data Book is a comparison of the sizing"nc}:ms applied by Magalies and Rand
water respectively. The specific volume of storage required will depend 'on the inethod of supply
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1o the reservoir (ie puniped of gravity supply, fed from a regional reservoir or directly from the
purification works}), and the level of fire prolection afforded.” For service reservoirs sizing rornms
are’ proposed for adoption by the local authority. In the final analysis however, cach local
authority makes its own choice based on the level of risk of supply interruption that the local
-authority (or other bulk consumer} is willing to accept. A schematic layout is also included
showing pipeline and reservoir design standards, as well as losses, for the full delivery process,
from absteaction to the individual consumers. -

The Data Book also includes norms for the selection of reservoir type. Smaller service reservairs
and towers will probably be of séctional steel design, while concrete reservoirs are expected to
be adopted for all' larger and regional ‘storage reservoirs. Smalt concrete rescrvoirs will be
conventional circular RC, while larger reservoirs will be either rectangular RC, or post-tensioned
conerele with a domed shapé roof. Typical shapes and dimensions with capacity ranges within
which the reservoir type is economical are presented in schiematic form in the Data Book. Finally, -
cosls curves are included for the most comnion reservoir types required in the preliminary
planning. ‘ C

5.1.7 - Reticulations

The reiiculation of unserved tows and vi_llagés will form a SUbstaﬁti_al portion of the future
financial commitment required in the water supply sector. This commitment is however generally
the responsibility of the Third Tier, and not directly of water boards such as Magalies Water,

except in an agency or supporlive fole. :

Reticulation development is closely associated with the level of service assumed for each of the
coimmunities within the Study Area. Level of service, intum, is dependent on disposable income -
within the individual communities; and affects primary water demand. It was necessary for -
planning purposes both to identify the water demand associated with each level of service within
 the Study Area, as well as the cost of the reticulation associated with each levet of service. The
Data Book contains planning assumptions associated with reticulations, such as pipe type and
class, street pipe spacing for RDP level of service, fire protection options, peak factots for design,
~ minimum residual pressurcs required, and physical design standards such as valve spacing and
© pipeline cover. ' ' ' -

- Reticulation cost curves are also included, showing all inclusive reticulation costs for the
different lévels of service, based on developinent or settlement density. These curves were used
extensively in identifying the expected cost of reticulating unserved or partially served towns and
villages within the Study Area. : - ' : '

5.1.8 Borcholes

_ Groundwater development was only assumed in cases where Class 0 and 1 water quality is
- present, and where the-extension of a surface water supply system would be prohibitively
expensive, This approach was adopted in the light of the far greater security of surface waler
resources, and the high potential for chemical and bacteriological contamination associated with

subterranean supplies. . S
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The standard desrgn for borehole development mcluded in the Data Book assumes that afl
boreholes under 0.5 Ifs will be equiipped with a hand pump only. For motorised pumps, electrical
drivers have been assumed wheré a power supply is available close at hand; elsew heré diescl
driven boreholes are assumed. Costing has assumed boreholes at 1 km from the village boundary
-and 500 m apart. Steel clad pump houses with concrete floors and plinths are assunied, Details
regardmg cost assumplions in respect of draw-down level, strike tate, installation depth static
rise, drilling depth and tést pumping requirements are also included in the Data Book. Full details
of the cost build-up for typical boreholes, for each of the varioiis drivir types possible, are also
mcluded as well as operatlon and maintenahce cost graphs for miotorised boreholes. '

Typical details of an electncally driven borehole with a steel clad pumphouse aré gwen i 'the
Data Book, as aré casing and borehole finishing detaits for a typical borehole.

52 Geﬁeral Planning 'Approach

The planmng approach for the Stud}' Area was dcveloped before commencing wnth pn,hmmary
infrasinicture planning in order to achieve the following goals and objectwes

(1) Toidentify possible technical options and solutions for the sugiply of potable water that
meéets generally accepted quality and health standatds to the unserved and underserved
communities within the Study Area. : :

(2) - To group the various deniand units within Supply Blocks, Arcas and Zones, 'therel::y
: - informing management decisions regarding the Study Area, and regardmg the expansion
- of the capacrty of Magahes Water. :

(3) : To balance water demand to supply, thereby mformmg Watc.r rcSoun.es plamiers of |
further water resources development that may be required. :
(4)  To advisc DWAF as well as the water bdar'ds'operat’ing within the Study Arca of the
effect that future water supply development and i 1ncreasmg return flows will have on raw
water quality within the Study Atrea. :

(5)  To Advise D_WA‘F and the water boards as to the most favourable fong term supply
boundaries for each of the water boards operating within the Study Area.

(6)  To serve as the basis for capital investment programmes for the short, miedium and long
term development of water supply infrastricture within the Study Area.

{(7)  Toserveasa basrs for the development of local govcmmcnt water supply planning,
opcrauon and maintenance within the Study Area.

The approach adopted in undenakmg the prelrmmary water suppl) mfrastructure planning was
as follows :

‘ ("l) The Study Area was grouped into Suppl)r Blocks Areas and Zones These umts were lhen
assigned to the various existing or potential water sources, in accordance with the results
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of the water batance siu'd_y_'.: Where the water balance study indicated more than one
possible source, technical options were investigated.

- Bach Supply Block tvas reprcsenled schematically on suppty dtagrams that were

generated using a sprcadsheet The primary demand that is estimated for ¢ach community
was ttansferred to the schemauc Two spreadsheets were generated for each Supply
Block, the first representing the status quo sitvation; and the second the upgrading that

“will be required in order to mcet primary water demands in the year 2015. For Supply
‘Blocks where there is no exlslmg infrastructure, the first spreadsheet was not produced.

For each Supply Block; the capacity of the existmg mfrastmctun, was {ested against the
estimated 2015 primary water demands Capacity shorifalls were indicated on the first
spreadsheet

Whete existing mi‘ras{ruclure does fiot have sufficient capacuy to mieet the projected 201 5
demands, a poss;ble technical option was formulated and costed (second spread sheet)

~ usinig the cost curves described in Section 5.1 above. Inanumber of cases more than one

viable technical option was identified. In siich cases each of the alternativé technical

: optlons was plarined and costed and then evaluated to deterniine the niost favourable

option.

The schematic layouls indicate the flow sequence, size, capacity and cost ‘of proposed
new infrastructural components within each Supply Block. Such characteristics are also
showi on the first sheet, {but without the associated costs), for existing infrastructaral
components. Schematics for each Supply Blockand Cost Summary Sheets indicating total
demand, capacities; pipework lengths and costs for each Supply Area are provided in

- Appendix ]. Schemancs are also available in electronic format in the Data Bool\

' I‘echmcal pl‘mnmg has been underlaken on the assuinplion that all areas will be supplied -

from a surface water source by the year 2013, with the exception of jsolated farming

" communities; isolated rural villages and a portion of the demand of Thabazimbi, where
- astrong groundwater aguifer exists, and Koster where the 2015 demand caiinot be met

from the local surface water resources. It was further assumed in the planmng that all

areas that are currenily supplied with groundwater of Class 3 or 4 quality will be replaced
“with a surface water supply by the year 2002, whilst areas w;th a Class 2 groundwater

supply will be replaced with a surface waler source by the year 2015.

' Allhough areas th'xl are currently supplied with Class 0 and 1 groundwater could reinain

on gmundwatcr indefinitely from a quality point of view, it has been considered prudent,
for the purposes of the preliminary technical p]annmg, to assume that groundwater
supplies of any magnitude offer low securily in, the long terny, and to plan for these

 villages to be served froin surface water sources by the year 2015. ‘This approach is
- perhaps somewhial conservative, but is considered realistic as the quality « of groundwater
' _supplles gcnerally deteriorate with increasing dcvelopmem in'a town or wllage

In the: prehmmary p!anmng, lntle auempt has bcen ‘made to- optlmise individual
components of bulk supply systeins, but rather to ldenllfy feasible and realistic options

5-6



for the provnsxon of new inl‘raslmclure, or for the upgradmg of exnsimg infrastructure to
mect the require ed demands. The general approach has been to assume that each village
or group of adjacent communitics will have its own service reservoir, and if reqivred by

~ the topography; ils own pumping slation and elevated tank. Service reservoirs are costed
separately in the schematic Jayouts. Village water towers and pumping stations have been
included in the cost of the rutlculallons

The proposed development of thc water supply systen is shown on the drawmg attached to the
Main Report entitled “Proposecl Primary Water Supply Infrastructuré Development Plait for JICA
Study Area”

53 ])cvelopment Planning for the Western Zone

The Westerit Supply Zohe consists of four scparate Supply Areds, ie Vaalkop North Supply Area
Vaalkop South Supply Area, Barnardsvlei Supply Area and Koster Supply Area. The Western
Supply Zone is supplied with water from four sources, i¢ the Elands and Crocodile rivers via
Vaalkop Dam, the Hex River from Bospooﬂ Dam, and the Vaal River via Barnardsviei (supplied
by Rand Water). In the near fuiure, primary water from all four of these sources will be consunied
- within the Greater Rustenburg region, and for this reason these sources have been grouped into
a single Supply Zone. The Koster Supply Area has also been included in this Zoie, in view of
the small, locally-sourced demands that are encountered within this Supply Area.

5.3.1 Voalkop Notth Supply Arca

Vaalkop Water Treatment Works is localed at Vaalkop Dam, which fornis part of the Crocodlle
~ River System and is operated as aunit logelher with Hartbeespoorl Damand Roodekopples Dam.
_ The water stored in Vaalkop Dam is supplemented from the Crocodile River using walter
transferred from Roodekoppies Dam during timés of shortfall Increasing demand will rcqulre
1ncreasmg transfers between these two dams - :

The Vaalkop Noxth Supply Area 1s'developed around a main north-south axis with several
“branches to the west. Historically, supplics by MW {rom this system were to bulk mining and
industrial consumers. Domestic water was sold to Thabazimbi, to Northam and to NWWA in
bulk for distribution to villages within the Mankwe District, and to commercial devcl()pments
along the southem fringe of the Pilanesberg. The I‘CSpOnSlblhlleo of NWWA in Mankwe District
have recently been taken over by Magalies Water. =
The Vaalkop North Supply Area has been subdwlded into the following six Supply Blocks cach
of which was analysed scparately

(D Thabazimbi Supply Block is c’urrenlly supplied from Magalies Water’s La Patric
Reservoirs via the Boards main south-north plpelmes Water is supplied from La Patrie
to the Sefikile Supply Block draw off, south of Northam. At Northain the Mokgalwancng

‘Block branches off the imain supply to Thabazimbi. The existing pipelines to the north

‘of Northam discharge into the Elandsfontein and Goeuermcnlsplaas Reservoirs. RPM
Amandetbult and Northain Platinum are supplied from' thése reservoirs. In addition
existing' pipelines from these reservoirs supply the Zwartkop Chrome Mine, Rhino
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© Andulasite, and T habazi_linbi.'Th'e iron ore mine at Thabazimbi is completely sérved from

groundswater sources and the town is also partly served from groundwater, this being the
only significant groundwatet supply within the Study Area. It is assumed that this
situation will continue. kt is proposed to strengthen the main north-south pipeline and to
provide additional storage at Elandsfontein SR (15 Mi). '

Mokgalwaneng Supply Block is lo¢ated in the far "n'onh of Mankwe District. At Northam
a secondary rising main branches off to the PPC Cement factory at Dwaalbooin: This
pipetine is owned by PPC and passes close to villages around Mokgalwaneig. These

LR 13

- villages can be supplied from the existing. pipelinc, although reinforcement will be
' reqitired up to Modimiong. Negotiation with PPC will be required in order to address the
. miaiter of supply froni a privately owned pipeline. . .

‘Sefikile Supply Bi_ock is located in the north of Mankwe District. A few kiloretres soith

of Northam, two pipelinics branch off the main La Palrie to Thabazimbi pipeliiics and-

 feed Spitskop Reservoir, on the hill above Sefikile. This reservoir supplies water (o

RPM’s Swartklip Mite aind Union Section, as well @s to the mines’ residéntial areas.

Extensions of this system are proposed in order to accommodate mining growth, and to

serve thie nearby towns and villages within this Supply Block.

Ranmokokstad Supply Block will be supplied lfronﬁ a branch off the main Véatkop -La
Paric pipelinies. This Block is currently supplied by groundwater at a very low level of

seivice. The total demand of this Supply Block is small. :

“Saulspoort Supply Block is supplied from the La Patric Reservoirs, where water was

previously sold in bulk to NWWA. Existing infrasiructure within this Block already

stretches as far west as Mabeskraal, and is fairly well developed. New extensions tothe
“ndrth and south of this branch pipeline are proposed. S '

‘Mogwase Supply Block is currently fed from a branch pipeline oft the vaalkop - La

Patrie maii; but is also linked to the La Patrie reservoirs from which water giavitates 10

the coniimunities iy_i_thin'thb'BlOck, terminating at Doornhock Reservoir near Sun City.
The Mogwase/Badirello indusirial area and the Sun City Holiday Resort falls into this -

Supply Block. The existing supply via Mogwase is already at the limit of its 'capaicity, and

‘a futiire upgrade will be unavoidable, 1t is proposed to extend the existing system to

serve Phatsima, Ledig and the neighbouring communities. :

Table 5-1 below presents a summary of additional bulk infrastructure which will be required for
the Vaalkop North Supply Area to meet the projected 2015 primary water demand.



Table 5-1 Sumniary of Additional Bulk Infrastructure Reguired for Vﬁ&il!mp North S/A

" Bulk Infrastructure Location Diameter (mm) Uinit Qéui:n'(lly
Water Treatment Works Vaalkep Md s
Clear Water P.Stationi Vaatkop kid 150,375
Reservoirs La Patric M| 40
E!‘andsfonlelin _ Mo 2
Spitskop S M 15
Pipelines ' Mow200 |xm 213
250 to 400 km | 14035
15016 600 km | 62.60
65610800 km | 22.50

532 : Va’alkop South Sl_lp]ﬂ)f A‘réa

An extension, in the form of a large diameter north to south-west pipeline to regional réservoirs
at Bospoort (the Vaalkop Southern Supply Block) is about to be implemented to extend the MW
supply from Vaalkop WTW. Supply to the Greater Rustenburg region will be made from these
reservoirs. Historically, Magalies Water’s only supply in the Vaalkop South Supply Area was
to the former SADT settlement of Hartbeesfontein, via its Kortbegrip Reservoir (portion of the
. Bethanie Supply Block). Supplies are also made at prcsent from Bospoort WTW at Bospoort
‘Dam'to Rmtenburg and to RPM.

The Vaalkop Soulh Suppl) Area has heen subdmded into the follomng tWo Supply Bloc}\s each
of w Iuch was analysed separately.

(0

(2)

© Bethanie Supply Block is based on an C\]Silllg scheme that was cons{ructcd by Magalies
- Water in order t0 supply. water to the setilement of Haltbwsfontem Under the scheme

water is pumped from Vaalkop WTW 10 a reservoir constructed at Konbegrip and on to
the settlement of Hartbeesfontein. Substantial spare capacily exists, due to slow growth
in Hartbeestontein. Current planiiing proposes that a portion of this be used fo implement
a new gravity fed regional supply scheme to serve the rural seltlements of Modikwe,
Bersecba and Bethanie. :

VVaaIkop Southern f Bmpoorl Supply Block is partly supphed from Bospoort Water

Treaiment Works which is located at the outlet from Bospoort Dam. The yield of the dam
is limited, so supplementary supplies to Rustenburg from Barnardsvlei and Vaalkop are

~ necessary. Bospoort WTW is faitly old and is jointly owned by Rustenburg TLC and’

RPM.- It supplies water to these two pamcs (30% and 40% respectively), and to DWAF
(30%). During negotiations relating to the Vaalkop Southern Supply Block, DWAT
agreed to donaté their water supply rights from Bospoort WTW to Magalies Water, for
distribution as part of that supply schenie.



" Rapid urban growth within the Greater Rustenburg region, and growth in the mining
demand in the Bamardsviei Supply Area has fesulled in the urgent need for an
aupmentation scheme to supply the growth points between Bospoort and Barnardsviei.
Water resources investigation and water supply planning identified that this region should
be reinforced from Vaalkop WTW, using Crocodile River water. This finding was
confirmed by the Study. The proposed scheme coniprises a substantial extension of
Vaalkop WTW, arising main to a regional storage teservoirs at Bospoorl, and a network

- of rajor distributiori mains supplying the service reservoirs of bulk consumers within the

region. Major consumers to be supplied from the proposed scheme are Rustenburg TLC,
 the Bafokeng Tribe and Impala Platinum. Potable water will be sold by Magalies Water

' to Rand Water, probably at the outlet from the Bospoort Reservoirs; Rand Water will in

“tuin sell the water to consuniers within its aréa of supply. The proposed supply from
Vaalkop to Rustenburg North, Phokeng and Thlabane will replace the existing supply

that is currently imported into this portion of the Supply Block from the Bamardsviei

“ Supply Area: This solution will reduce the existing primary demand within the

‘Barnardsvlei' Supply’ Area, thereby enabling- the existing Rand Water supply from
Randfontein to Barnardsvlei to meet demand growth along the Rustenburg to Bapong
axis to the year 2015. '

Table 5-2 below provides a sinim_néfy of additional bulk infrastructare which will be required for
the Vaalkop South Supply Aréa lo meet the projected 2015 primary water demand.

Table 5-2 Summary of Additional Bulk Infrastructure Required for Vaalkop South S/A-

Buik Iafrastructure '. l;oc'alion | Diimeter (mim) | unit Quantity
Water freqlme_m Works . | vaarkep .' - _ Mid 60
Cloar Water P.Station | vaalkop : o | kg ] 100,000
Booster P, Station Townsland S S wa - ] 45000 :
Reservoirs L Bospoort | ‘ - R _?0’(2&35.)
Pipelines . o g | 11010200 - | ke B 5.50
| 25010 400 ke | 230

45010 600 | xm |00

65010 800 km' 1950

95010 1,160 “Trm | 4998

533 :Barnardsw.?léi Stlpply Area.

~ The Barnardsvlei Supply Arca is supplied with water from Rand Water’s Zuikerbosch Water
Treatment Works on the Vaal Dam through an extensive distribution system, via Witpoortjic and
‘Bamardsvlei reservoirs. No extensions are proposed within the Bamardsvlei Supply Area during
 the planning horison of the Study. Demand growth will be accommodated by discontinuing the
existing supply to Rustenburg North, Phokeng and Thlabane, which will be supplied in future
* from Vaalkop. Rustenburg North, Phokenig and Thlabane have accordingly been included into
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the Vaalkop South Suppl; Area,

The Bamardsvlel Supply Area has been subdivided into two Supply Blocks, bolh supplied from
Rand Water's Barnardsvlei Reservolr

(1)

2)

Bamardsvlei Westem Su pply Block is served by Rand Water’s Roodepoort -Bamardsvlei-
Rustenburg sipply scheme. The scheme was implemented by Rand Watér durmg the
1960°s, int order to accomniodate the development of Ruslenburg as well as mining

'_operahons within this portion of the Study Arca. Waler is supplicd b}, gravity from

Witpoorljie Reservoir in Randfontein, via a serics of break pressure tanks to a new

- regional resérvoir at Barnardsvléi. From this point water is supplied w estwards towards
‘Rustenburg. The Wester Supply Block supplies Karce Mine, Marikana, Rustenburg

Platinum Mines (includidg Frank Shaft, Waterval Mine; Paardekraal Mine, Eastem
Platinum, and the Bafokeng villages of Kwa-Pholsaneng, Mfidikwe and Thekwaie),
Impala Platinum Mines (including the Bafokeng mines, the W;ldebeesfomem mines and

- Minpro) as well as all of Rustenburg South. As discussed under the * Vaatkop

Southiern/Bospoott Supply Block, no aigmentation is planned within the Barnardsvlei
Western Supply Block within the tine frame of the Study, demand growth bemg met by

“the proposed discontinuation of the existing export of primary waler to the Vaalkop

Southern Supply Block for consumption within the urban and pcri-urban arcas of

" Rustenburg North, Phokeng and Thlabane.

- Barmnardsvlei Easte'm‘Suppi)' Block is also fed from Rand Water's Barnardsvlei Reservoir
“which supplies two separate supply syslems owned by Western Platinum. The first

system employs a break pressure reservoir near the Rand Water connection, immediately
north of Barmardsvlei while the second system uses the full pressure from Barnardsviei

‘Reservoir. The first systen) feeds Mooinooi and a portion of the Western Platinum Mine
under gravity through a supply main from the break pressure reservoir. The second (high
pressure) system supplies water through a steel pipeline to Jakkelskop Reservoir

(Wonderkoppies Supply Unit), to the balance of the Western Platinum Mine and to the
Segwaelane Supply Unit (which is fed from the Segwaelane Reservmr) Water is also
supphed to the Bapong Supply Unit, but it is proposed that this supply from the north via
the mine should be discontinued, and replaced with a direct connection to the proposed
new Majakanciig Rescrvoir in the south. This - -proposed reservoir against- the
Magahesberg, will allow the present pressure tower at Bapong to be taken out of semcc

The feasibility of meetmg the 20]5 demand of the Baraardsvlei Eastern Suppiy Block
from Brits WTW was investigated. The resulting reduction in demand from the

Barnardsvlei Reservoir could, ‘under such a scenario, be applied to meet the 2015
demands of Ruslenburg North, Phokeng and Thlabane (\\thh ate almost equal to the

* total demand of the Barnardsvici Eastern Supply Block). The Vaalkop source to the .

Vaalkop SouthernfBOSpoort Supply Block would undet’ this alternative be relieved of
approximately 42 Mld of summer demand, which will in turn be 1mported froim the
Barnardsvlei Supply Area. The altemanve supply to the Bamardsvlei Eastem Supply
Block would be pumped dlrcclly from Brits WTW to Majakaneng Rcservmr A5 for the
base case, the Bapong Supply Unit wiould be fed dxrectly under graw(y from Majakaneng
Reservoir. The proposed gravity pipeline between Mooiiiooi and Majakaneng would
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however, under this aitematwe have to operate in the reverse diréction (ic east to west),
in order to replace the existing supply that is made from Barnardsvlei to Western
Platinuim Mine, {o the Wonderkoppies Supply Unit and to the Segwaclane Supply Unit,
The altérnative supply to the Bamnardsvlei Eastern Supply Block assumes that existing
and future demands within this Supply Block can be met from Brits WTW, Since Brits
WTW uses the same water resource (the Crocodile River System), as Vaatkop WTW, the

- resulis of the water balance stud) will not be compromised, In fact, less raw water would

- be requiréd from the Crocodile River System under this altemative; as conveyance and
storage losses will be reduced. Tliis alternative however, does not appear from the
preliminary calculations to offer a cheaper solution for supply to Rusteénburg North,

- Phokeng and Thlabane than the supply from Vaatkop WTW. In addition, implementing
a supply from Brifs WTW will present institutional difficulties in the short ter, as Brits
TLC owns and managcs the Treatment Plaint at Brits. Neither Magaties Water nor Rand
Waler has an existing presence or management stricture ini Brits.

_Tablc 5-3 below provides a summary of additional bulk mfraslruclure which will be réquired for
the Bamardsvlel Supply Area lo meet the pro;ected 2015 pnmary water demand. '

Table 5-3 Su‘mliiar‘y o_f Add:t_lon'al Bulk Infrastrucure Required for Bart_iards‘vlci S/A

Butk Infrastracture | Location Diameter (mim) Unit Quantity

Pipelines B | 300 jmm |13

5.3. 4 Koster Supp]y Area

The Koster Supply Area is supphed from the Elands River and its trlbulanes ThlS Supply Area
" is essentially rural in' nature, with no large urban communities, mining or industrial
developmems Despite only moderate population growth the water balance sludy identified
surface waler shortfalls in the target year 2015. Although sufficient surface water is avallable in
the Crocodile River System (at Vaalkop), the distance from this source is consxdered to be
géxcessive, and cannot be' economically justifted in view of the small volumes involved. In future -
the Koster Supply Arca is expected to have to resort to groundwater resources, in order to
augmcm supply

~ Rach of thesé contains only a tocal supply scheme, prowdmg purified water to the town that
forms thé core of 1he block. The remaining area consisis of farmmg co:m'xmmhes and is thus
totally depcndaut 011 groundw'iter sources. :

(1}  Koster Supply Block is supp}led from Koster Dam on the Koster River, a tnbutary of the
- Elands River, Raw water is pumped 16 km northwards from this dam to the punﬁcanon
works in thie town of Kaster, Future upgrading work will entail exténsion of the tréatment

works and (he development of groundwater supplies in the vxclmly of the town.

(2) Swarlruggens Supply Block is supphed from Swarlruggcns Daim on the l"lands River

- south of the town. Fulure upgradmg works will comprlsc a small extension of the
lrealment works -
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Table 5-4 below provldes a summary of additional bulk infrastructure which w:ll be required for
the Koster Supply Area to meet the projected 2015 primary water demand.

Table 5—4 Summary of Additional Bulk Infrastr_ucture Required for Koster S/A

Bulk Enfrastructure  Location Diaméter (mm) Unit | Quantity
‘\\’arer Treatment Works - Rbster _ 3 M!d B
Clear Water P.Station - A koser : kid | 1933
Pipeliiies | ' | km | 5.0

54 Dc\'eldpménf Planning for the Central Zone

The Central Supply. Zone also consists of four separate Supply Areas, ie the Brits Supply Area,
the Klipvoor Supply Area, the Rand ‘Waiter Supply Area and the Temba Supply Area. Thé Zone
is supplied with water from four sources, i¢ the Crocodlle River via Harlbeespoort Dam, the
Pienaars and Apies Rivers from t(he Roodeplaat and Leeukraal dams, the Motetele Rlver via
Klipvoor Dam, and the Vaal River via Hartbeeshoek Reservoir (supplied by Rand Water). With -
the exception of the Rand Water supply via Hartbeeshoek, all of the sources form part of the
Upper Crocodile River System, and will be héavily dependant on increasing retum flots from
the Pretoria-Witwatersrand complex to meet démands in this Supply Zone in future. This heavy
'~ reliance on return flows will have an increasingly negative effect on watet quality, and special
€O- operahon between the water boards and DWAF will be required to properly monitor and
* inanage water resources quality within the Supply Zone. The individual Supply Areas wnhm the
Central Supply Zonc are discussed below, : : :

' 54 1 --Bnls Supply Arca

The largest volume of water in the Brits Suppl} Area is supphed from Bnls WTW which is
owned and operated by Brits TLC. A’ [‘urther two treatment works draw water directly from
Hartbéespoort Dam. Haribeespoort Dam receives extensive return flows from the Pretoria-
Witwatersrand complex, shainly via the Hennops River from the Northermn Qutfali Works. These
return flows are generally increasing at a faster rate than the rise in demand within the Brits
Supply Area, and an increasing surplus will develop in future in this system, even after allowmg '
for planned increased transfers to Vaalkop Dam during times of shortfall via the Roodekoples
transfer channel. Historically, Magaties Water has not supphed within the Brits Supply Area.
This sitvation will have fo be reviewed by DWAF, with a view to rauonahzmg the areas of
supply of water boards within the Study Area. -

The Bnls Supply Area has been subdivided info two Supply BIocks cach of whlch was analyscd
separately.

(1)  Brits Supply Block oblams punﬁed water. from Brits WTW which is fed from a raw -

“water pumping station on the banks of the Crocodite River, west of Brits. Punﬁed water
is pumped from this treatment works into four separate sub schemes, viz Sonop-
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I osperfontem Brits Town, Léthlabile-Jericho and Mothutlung- -Madidi. The first of these

sub-schemes serves Sonop’ atid Losperfontun which aré Government correctional and
rchabititational institutions; and is supplicd with water under gravity from Brits WTW. '
Infrastnicture serving this sub-scheme has sufticient capacity to meet demands in the year
2015, and 1io upgrading is envisaged within this time frame.

The second sub:scheme méets all dt.mands within the formally developed lown of Brits,
- including domestic, commermal msmmxonal arid industrial demands. All llpgradmg of

this sub-sctieme will be the !‘GSpOI]SIblllt)’ of Brits TLC, and will be in response to’
specnﬁc developmcnt initiatives within the town, eg the extensions to the induistrial areas -
that are now ‘under way. Upgrading of certain mimnicipal trunk mains will be reqmred for
this purpose.

The supp]y to Lethlabnle-]encho is the sub scheme within the Brits Supply Area that will
require the most upgrading works within thé planning horizon of the Study. Although the
existing infrastructure is adequate to meet the 1995 demands, additiona! pumping plant
will be required at Brits WTW in order to meet the’ envisaged demands to the north of
Iethiabile. In addition, the rising main between Brits and Lethlabile will have to be
reinforced, while new gravity lines are required between the Lethlablle and Jericho
Reservoirs. The villages of Lethlabile, Mboloka, Letlhakarieng, Madm) ane and Jericho
will be served from the new regional scheme.

l" he ﬁna] sub scheme from Brits WTW serves Mothullung and Mad:d: “This will provlde

. purified water from Brits all the way to Madidi in the Odi 1 District. The villages of

Damonsvilte, Mothutlung, Oskraal, Ramogoadi (2) and Lerulaneng are all served along
the way: Undef this sub-scheme, water will be pumped from the treatment plant all the

1 way to the Oskraal Reservoir, on the western boundary of the Rand Water Supply Area.
" Draw-ofls are made along this line towards the town of Damonsville and Mothullung to
 the existing reservoirs serving these towns. From Oskraal Reservoir, water gravitates 1o
- Madidi Reservoir. The Oskraal Reservoir is at present still connected to the Ga-Rankuwa
_Industrial Resérvoir in the Rand Water Supply Area. This ‘supply . will however be
terminated, and all future supphes made from Brits. In order to meet the 201 5 dcmands
 the rising main between Damonsville ‘and Mothutlung will have to be reinforced. A new
pipeline is currently being implemented between Mothutlung and the Oskraal Reservon's

Additional storage is required at Mothutlung, Oskraal and Madidi.

f. Hanbuespoort Supply BlocL (Schoemansville and Cosmos) obtams water dmctl) from
~Hartbeespoort -Dam. Two freatment: works purify water drawn direclly from

Hartbeespoon Dam, for distribution within the villages of Schaemansville and Kosmos.
These villagés operate and maintain the p!anls as solely local supplies. The only current’

“involvement of Magalies Water in these schemes is to provide advise and co-ordination
- rcgardmg future planning. The possibility of Magalies Water taking over of these plants
- in the' futire, could be considered. prowded such a take over is in the interests of
. consuiners within the Supply Block. - Rand Water suppl)' is made to the southern and
eastern fringes’ of the Hart‘oeespoon Dam from the Valindaba supply line. The division
. of supply respomtbllmes and area$ belween l‘nc fwo water boards within !hls Supply
Block must sull be fi nahsed :
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Table 5-5 below presenls a sununan, of additional bulk mfrastruclure which will be required for
the Brits Supply Area to méel the projected 2015 primary water deniand.

Tablé 5-5 Summary of Additional Bulk Infrastructure Required for Brits S/A

Bulk Infrasiricture Location Diameter (mm) Uait Quanlity'
Water Tréatment Works Brits _ Mld ' 25 ‘
' Hartbeespoort B RS BT
Reseivoirs | Lewtabite | o e
Pipéﬁnes . _ ' 200 ke | 2340
300 to 400 km | 2730

5.4.2 XKlipvoor Supply Area -

The Klipvoor Supply Area has no sutface water supply scheme at present. This area is essenially
rural, and i$ expected to exhibit slow growth within the planning horison of the Study. In
“addition, low settlement densities, low income levels and low affordability have; in the past,
~ resulted in little Water supply development within this Supply Area. The area falls entirely within
the jurisdiction of Eastern District Council, and includes no formal towns. The régional water
supply scheme proposed for the Supply Area will necessnate the construction of a new water
treatment plant downstream of Klipvoor Dam, which in view of its limited size, will require
~ special consideration during the planning stage. The technical proposals have been prepared on
- the basis of continuotis operation however it may be cost effective to desngn the treatment plant
o only operate during normal working hours, and to staff and support it from an existing
Magalies Waler management centre (Vaalkop or T emba/Kudubc) Water resources planning
shows that the fairly minor 2015 primary demands can bé met from Klipvoor Dam, without
significant negative effects on supplics elsewhere. As described in Sections 4.4 and 4.5, Klipvoor
“Dam receives extensive retum flows, mainly via the Apies River from Rooiwal STW, and via
the Pienaars Rlver frony Baviaanspoort and Z egkocngal STW. These return flows are gcncraily
increasing at a faster rate than the rise in demand and an increasing stuplus will develop in future.’
Historically, Magalies Water has not operated within the Klipvoor Supply Area, However it has
recently taken over management of the rural water supply programme in Odi 1 and Moretele 1
districts from NWWA. -

The thvoor Supply Area has beeir subdivided into “three Supply Blocks. Under the
recommended alternative, all three Supply Blocks will be supplied with punﬁed water from the
proposed Klipvoor WTW.

(1)  The'Klipvoor West Supply Block lies to the soulh 'md west of the thvoor Dam within
Odi 1 District. The division between the supply from Brits and the supply from Klipvoor
was taken to be the division prev:ous!y adopted in the fixed planning of the Lethlabile-
Jeticho sub- scheme. Water from the tréatment planl will be pumped to the thvoor West -
Regional Reservoir, From W hich it will gravﬂa(e lo a'regional/sérvice reservoir serving
the village of Legonyane, filling reservoirs suppl)'mg the seltlements ‘of Fafung and
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Sephai eii-'roﬁte. Ga Rasai \&'ill be served by gravity from the Klipvoor West Reserir
to Fafung pipeline, while supplics to Ga Tsogwe, Ga Tsefoge and Kgomo-Kgomo will
be pumped from Legonyane Reservoir. All supply infrastructure will be new.

(2)  The Klipvoor East Slippi_y Block lies to the east, north-east and south-east of Klipvoor
Dam within the Odi 1 and Moretele 1 districts and the Moretele North Supply Block lies

" in the north-cast corner of Moretele 1 District. Under the preferred option, water to the
Klipvoor West Supply Block, is pumped in an easterly direction to a regional reservoir
at Bollantlokwe. Af the Bollantlokwe the pipeline splits with water being pumped
thfotigh otie branch to Slagboom, and evéntually Makekeng on the eastern periphery of
Moretete Norik Supply Block, and gravitating southwards along the other branch to
Sutelong, from where it is pumped southwards to Rantebeng and Makgabetlwane. At
Makgabetiwane the pipeline again splits, with the pumping tain continuing in a south
weslerly diréction to Shakung, Buffelsdoorn and Moiletswane; a gravity line feeds from

- Makgabetlwarie in a sotith-easterly direction to Botshabelo. '

As 4n altemativé, the viability of supplying both Klipvoor East and Moretele North
Supply Blocks fromTemba WTW was considered. Under this altemative a new pumping
S;alio’:i at Teinba and a new tising main to Makakeng would be necessary. Although the
villages in the two Supply Blocks are linked in the same manner as for the preferred
option, the altered source would require that the Slagboom to Makakeng branch be
~ supplied from the opposite dircction, with the water being evéntually discharged into
Bollantlokwe Regional Reservair. The balance of the supply scheme remains unaltered.
 The second alteniative provided for the Klipvoor East Supply Block to be supplied from
 the proposed new Klipvoor WTW, and the Moretele North Supply Block to be supplied
from Teinba WTW. The division between the supply from Kudube and the supply from
Klipvoor was taken to be the division previously adopted in the fixed planning of the
Moretele | Regional Water Supply Scheime. All supply infrastructure would be new. The
- preliminary costing showed that the proposed option is likely to ‘répresent the most
* economical solution. ' L B '

Table 5-6 below pfesgms & sumniary of adiiiiioﬁal bulk infrastructure which will be required for
the Klipvoar Supply Area to meet the projected 2015 primary water dewand. : ‘
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Table 5-6 Suminary of Additional Bulk Infrastructure Required for Klipvqof S/A

Br.il_li.lnfrasirucllure " Lacation Diarﬁetéf'(m'rﬁ) Unﬁ Quantity
Wa!'er‘ Treatment Works Klipvoor Mid 1818
Pumping staiion . Klipvoor West kid - 731
Kiipvoor East kld | 3.427
Stagboorn Md | i
Suteleng. : _ Kid © | 889
Reservairs Klipvoor West | Mi 1.3 |
Sutelong ‘ - M 1.6
Botlantlokwe | Mo | osn
Pipelines : 1 {tiow 200 km 183.0

5.4.3 Rand Water Supply Areéa

‘The Rand Water Supply Area (consisting of only one Supply Block) is sérved almost entirely
“with water 1mported by Rand Water from its Zuikerbosch WTW below the Vaal Dam. This area
is urban and peri-urban in nature, and is expecled to exhibit rapid growth characteristics within
 the planning horizon of the Stidy. It has had a higher than average level of water supply

development in the past. The Rand Water Suppl),r Area covers the entire Soshanguve | and 2
* Districts, the south-westem portion of Wonderboom District and the south-eastem poriion of
0di 1 District. Aréas of jurisdiction of the Eastern (Bms) DC, the Easlern Services Council
(Gauteng) and the Western Services Council (Gauleng) are included in this Supply Area. The
- major portion of the primary dermand hov.cver comes from formal urban and peri- -urban towns
-and villages, under the control of TLC’S The supply ‘made by Rand Water is pumped from
Zuikerbosch Treatment Works through an extensive distribution $ystem to Klipfontein and
“Hartbeeshoek Reservoirs. From Hartbeeshoek Reservoir supply is made northwards to the urban
and péri-urban areas of Klip-Kruisfontein, Akasia; Rosslyn, Ga-Rankuwa and Ga-Rankuwa
Industrial, Mabopane Soshanguve, Klipan, Rlelga{ and Winterveld. The supply is at present
- being upgraded by Rand Water from a capacity of 140Mid (peak day) to 300 Mld (peak day). For
purposes of the preliminary planning, it has been assumed that Rand Water will continue its
involvement in this Supply Area, but that the supply will be augmented towards the end of the
planning horizon from Kudube W TW, to meet the 2015 projected summer day demand of
apprommately 341 Mid. The watei resources availability is such that excess capacity becomes
available from the Crocodile River System around 2005. As the augmenhucm will only be
required in the medium to long term, adequate time js available for the various stakeholders to
resolve any issues relating to adjusted limits of supply in order to accommodate the proposed
supply-from Kudube WTW. An oplion was also investigated under which the entire existing
supply by Rand Water would be repiaced with an alternative supply from Bnts WTW. It is
unlikely to be preferablc tospend capital to implement a scheme to réplace existing infrastructure
when other areas rémain unserved.

Table §5-7 below preséms a sumary of additional bulk infrastructure ivhigh will be feq_uitéd for
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the Rand Water S'u‘ppl)}_ Area to meet the projected 2015 primary water demand.

Table 5-7 Summaiy of Additional Bulk Infrastructure Required for Rand Water S/A

" Bulk Infeastructure Location Diameter (mm) - Unit” Quantity
Watet Treatmeni Works O] Kudube o MY 41
Pumpiog Station | Kedube - Kid | 41,218
Reservoirs Hartbeeshock . Co E .M! 138

Kudobé /Tewba | - o fas

Pipctines - ' . 110 t0 200 - L km 13.0
' R : Him |65

600 : km 27.0

5.4.4 Temba Supply Area

The Temba Supply Area is served from the Pienaars and Apies rivers (Roodeplaat and Lecukraal
Dams respectively), which are tributaries of the Motetele Rivetr and eventually the Lower
Crocodile River. This Supply Area is partly urban, partly peri-urban and parily rural, and is
expected to exhibit varying growth characteristics within the planning horizon of the Study,
depending on the Block under censideration. Portions of the Temba Supply Area fall into the
areas of jurisdiction of the Bastern DC (North West Province), Bosveld DC (Northemn Province),
the Western Regional Services Council (Gauteng Province) and the Fastern Regional Services
~ Council (Gauteng, Province). There are existing water treatment works operated by Magalies
Waler at Wallmannsthial, Temba and Kudube. The Wallinannsthal Treatment Works serves the
Wallmannsthal Supply Block. Temba serves the Warmbaths/Nylstroom Supply Block while
“Temba and Kudube can be viewed as a unit, supplying the two other Supply Blocks in Kudube
North and Kudube South. Water resources planning shows that the substantial 201$ primary
demands in the Temba Supply Area can be met from the Roodeplaat/Lecukraal Dam system,
“without significant negative effect on' primary or non-primary supplies elsewhere. Both
“Roodeplaat and Leeukraal Dams receive extensive return flows, mainly via the Apics River from
Rooiwal STW, and via the Pienaars River from Baviaanspoort and Zeekoeigal wastewater
" treatment works. These return flows are generally increasing at a faster rate than the demand.
Historically, Magalies Water has not operated within the Kudube North and Kudube South-
‘Supply Blocks, but has recently taken over the management of these areas from NWWA. The
Temba to Nylstroom supply is also a new scheme, which was recently -completed. :

The Temba Supply Area has been subdivided into four Supply Blocks . No alternatives exist for
supply in this area. . ' ‘ ;.
(1) The Kudube North Supply Block follows the east and west banks of the Apies River,
between Kudubé and Babelegi and the canfluence of the Apies and Pienaars rivers. The
' Block is fed from both Temba WTW (primarily the East Bank supply) and Kudube WTW
(West Bank supply). In the niedium to long term these two sources may be used in
combination, and water can be transferred to either side of the Apies River as required. .
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At present therc isal ready an mter-conncctton between the two trealmcnt works. Existmg

' mf‘raslmcture supplymg the West Bank from Kudube WTW and the regional storage

reservoir comprises a pipeliric which conveys water northwards to Majaneng, Bosplaas,
Dertig, Maticbiestad (with a branch to Thulwe, Witgatboom and Goedgewaagd),
Swartbooistad, and Makapanstad. At Makﬁpanstad the pipeline brainches to Tladistad and

* Kwammatlhwaele in the south and to Moratele, Kontante, Kgomo-l(gomo and Lecukraal

in the north. The East Bank supply is made from Temba WTW, via Babeiegl Reglonal
Reservoir, northwards to the scttlements of Ramotsg, Ramokolong, Bosplaas East and

‘Maubane (Wynandskraal) The Babelegl industrial complex and the Carousel casino
“complex are supplied en-route. Supply is also inade southwards from Babelegi Reservoir

to Mandela Village and Hamimanskiaal. A presidential lead pioject is still on-going
within this Supply Block, for the supply of water to the RDP level of service. Initiatives
are also under way in places to investigate upgrading from the RDP level of service.

The Kudube South Supply Block lies in the south- v«estern comer of Moretele 1 Dlstrlct
west of Kudube and north of Soshanguve and Winterveld. The Block is fed from Kudube
WTW, which can be augmented feom Temba WTW as required. Infrastmcture supplying
the Kudube South Supply Block coraprises a bulk pipeline which conveys water

“westwards to the Regional Reservoir, and on to Matatenteng, Stiikwater, Mogogelo and

Nuwe Eesterus. From Nuwe Eesterus Reservoir the pipeline conlmues wiider gravily to
Ga-Motle, Kwa-Ratsiepane, and Gamoeka. The pipeling then braichés with one arm

~ continuing westwards to Mmakaunyane and the other going northwards to Swartdamstad

North and Legkraal. As for Kudubé North, an RDP level presidential léad project and

" initiatives to investigate the upgradmg from the RDP level of service are undcnvay

“The Wallmamlslhai Supply Block mainly supplles small holdmgs and State institutions

“suchas Bawaanspoort Prison, Roodeplaat Agricultural Research Sianon Wallmalmslhal

- Defence Base. Projected demand growth will require a minor expansion of the
"+ Wallmaunnsthal WTW, but no new pipelines or réservoirs are expecled to be reqlured '

“Supply is made to the east and south eastwards from the treaiment v\.orks to the various
'consumers wnhm the Block. '

The Wﬂrmbalhstylstroom Supply Block is supphed from’ Temba WTW. Water-is

pumped northwards to supply the formal towns of Warmbaths/Belabela  and

Nylslroonﬂl’hagameng “This system has only recently been commissioned. The cost of
supply to Nylstroom'is faitly high and was implemented asa result of the dearth of local

resources wnhln the upper Nyl catchment.

Table 5 8 below presents a smnmary of additional bulk infrastructare which will be requrred for '_ '
{he Temba Suppl) ‘Atea to meet the projected 2015 pnmary water demand, a
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