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CHAPTER 5 WATER RESOURCE AVAILABILITY
81 Ilitrodiiitlicn

The Study Area is located on the interior plateau of South Al‘nca riorth of the watershed between

the river systems drammg north and edst to the Indtan Ocean and the river systems draining south

and west to the Atlantlc Ocean. The Limpopo and Olifants River systems, primary catchments

A and B respectively, dram the Study Area in a generally northerly direction while the Vaal-
' Orange River syslem pnmary catchment C, lies south of the watershed.

The drainage system in Sduth Aﬁic‘a has been subdivided into quaternary sub-catchments, ic four
levels of subdwrsrons for purposes of witer resource evaluation. The guaternary sitb-catchments
in the Study Area are shown in Figure 5-1 from which it can be seen that the boundaries of the
Stidy Area and the Extended Supply Area (ESA) of Magalies Water do not coincide well with
the sub- catchmenl boundaries. A very small portion of the Vaal River catchment; in Koster
District to the west of Johannesburg, drained by the headwaters of the Mooi River lies within the
ESA but is not included in the Stu’dy Area.

The Study Area’i is located in a semi-afid to arid part of the counlry with ;:vredonunantlj,r summer
rainfall. RunofY in the area is strongly seasonal and very variable from place to place. It is also
~ significant that the main cenire of economic aclwnly in South Africa, based oi rich gold deposits
- found on the Witwatérsrand in the 1860's, is located in the southern portion of the Study Area
arcund Johannésburg, -~ For this and other reasons the water resources of the Study Area are
highly developed to supply water for domestic use, mining; industiy, power stations and irrigated -
agncultural Furthermore, the rivers draining the Study Area are all main tributaries of rivers of
common mterest to neighbouring states, namely Botswana Zimbabwe and Mozambtquc

The Study Area’ mc]udes portions of Gauteng, _Nonh Westem, Northern, and Mpumalanga __
Provinces. Development of the water resources of South Africa is the responsibility of the
Central Governineént while responsrbxllty for water treatment, distribution and supply and the
" reticulation and treatment of wastewater isthe responsnbmly of Second and Third Tier authorities
stich’ as Provmcral Government deparlmems, water boards, regional authorities and local '
authorities. ‘Where these aulhonues do not yet exist or do not have access to the necessary
capaclly, the Céntral Govemment through DWAF should perfonn these functions as an inteiim
measure. :

lnformatmn on the’ occurrence, development, ufilization and contro} of water resources is
available’ from many’ sonrces. - However, comprehensive’ information on certam critical
' componenls of the water resources syslem such as abstrachons from rivers and from groundwater
is niot avallable ' : o -
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52  Rainfal and Evaporation

The climate of the Study Area reflects the combined effect of the topography of the country
dominted by the Drakensberg mountains, which form an escarpment running in a generally

north-south direction 200 km to 250 km from the east coast on the Indian Ocean, the position of
~ the country in the mid-latitides of the southern hemisphere and the dominant meteorologlcai
$ystems moving over this part of lhe globe.

Metcorologlcal data, which gives deﬁmuon to the cllmate, is collected by the Weather Bureau_
of the Department of Enviroriment Affairs and Tourism. * Otlier agencies such as the DWAF aind
the Departments of Agricultire also collect some metcorologacal data.

Delailed information concerning rainfatl and cvaporatlon ‘for representative stations located in
the Study Areais given in Section 2. 2

53 Water Resources in the Study Avea

Streamflow in the river systems draining the Study Area is recorded at 127 gauging statioris
installed and inaiftained by DWAF. The gauging station network in South Africa comprises
mostly carefully des;gne{l and calibrated structures, usually fitted with autographic recorders.
In some cases no recorders are fitted and daily observations of flow depth on gauge plates are

“made by observers. In a few instances it is not possible to construct a gauging structure so resort
is made to rated river scctions. Where possible, major reservairs are also used as flow gauging
stations by computing daily inflows from water balances.

‘Streamflow data is available in various formats, either digitally or on hard copy, from _DWAF.-;_

Itis important o note that flow recordings represent the prevaifing conditions of upsirean: land
" use, abstractions and discharges. A co’i:lsidera'blc amount of analysis is necessary to arrivé at
flow scquerices representing natural conditions,” Data has to be tested for consistency, missing
dala has to be “patched in", and the effects of development have to be removed.

This is an onerous task which was undertaken on a country-wide basis, first in 1969, updated in
1983 and again in 1994. The results of the most recent revision, known as Water Resources
1990, are avaﬂable in a suie of 13 reports and the data is available on CD Rom for gauging
stations and for quaternary and higher level sub-catchments.

B Quaternary sub-catchments illustrated in Figure 5-1 were delineated according to a_'ﬁétipnal
system which takes account of variation in catchment conditions, the drainage pattem forined by
the river system, features such as gauging slations and dams and a desire to limit the size of
quaternary sub: catchments to a maximuin of about 2,500 km’. Care is taken to account for areas
of blind drainage within sub-catchments.” The 60 quaternary sub catchmcnts in the Stady Area
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are listed ifi Table 5-1 together with relevant information on cach.

The average naturalised runoff records for seven gauging stations listed in Table 5-2 illustrate
the strong scasonalily of streamflow in the Study Area. Naturatised flow records demonstrate
this trend even more strongly. Abstractlon and utilization of streamflow for any purposes
whatever. has an imniediate and mgmﬁcant lmpacl on the low flow or base flow regime. The
actual runoff i m a stream is therefore significantly depleted by exlsimg upstream development.

Unhzatton of streaniflow in the Study Area has been developed to the extent that largc slorage
danis Have been biilt on vmually every main river to regulale the variable runoff to meet
increasing water demands. This seriously affects runoff i thie river system downstréam of the
storage facilities.

54  Resource Development

Nmety storage dams have becn identified in the Study Area Twenty two of these dams; thosc
listed in Table 5-3, have a capacny of 1.0 mem or more. Thirteen dams are in'the category from
0.25 to 1.0 mem, thirly two are in the range 0.1 {0 0. 25 mem and twenty three are smaller than
0.1 mem.’ The fotal storage capacuy of all dams in the Study Areais approximately 909 micni.
The dams with targer than 1.0 mem storage have a combined capacily of around 842 mem, ie
they compose 93 % of the total storage capacity available. From a water suppl),r and utilization
point ‘of view, the numerous smaller dams are of lesser 1mp0rtancc however they do play-a
sngmi':cam role as sources of water for private irrigation, slock-watcnng, recrealion, and for
~ pollution control and soil conservation.

Most of the major dams and virtually all of the minor fanm dams in the Study Area were buill for :
irrigation purposes. Waler supplies from sone of these dams were later reallocated for domestic
“use only but irrigation suli predominates as a water use sector. S

55 Watei- Use in Agriculture

The mgmﬁcant water use sectors in agriculture are stock-watering, lmgatlon and afforestation.
‘Before reporting o the present situation regarding water use in these sectors il is appropriate to
'rewew thic basis of water ri ghts in the Study Area which, to a large degree, determmes water use.

55.1 Water’Rigms

Water nghls in lhe Siudy Area are delenmned by the current legal syslem in South Africa. The
“system is based on the principle of npanan nghts to smface water where the agriculural use of
‘water plays a dominand rofe in thé allocation of resouirces. ‘Surface water is generally classed as
‘public watcr, the nghls to whlch are attached to land npanan to the river in which it occurs.



The atlocation of surface watcr resources for pnmary domesuc use is usually based on the
intervention of a Water Court or the State through the Minister of Water Affairs and Forestry.
Groundwater an important source for domestic use, is classed as private water at present where
the owner of the land in question has sole discretion over its abstraction and use.

Much of the water used for domestic purposes i the Study Area is denved from Governmerit

Waler Schemies devcloped by the Stafe in terms of the Water Act; Act 54 (1956) "An éssential
“element of the prowsmns of the Water Actiis that the Ministér may decldre Government Water
Coritrol Areas (GWCA) in the: pubhc interest whtch thien enables lhe State to build water
schemes to stipply users which do not neccbsanly occupy tiparian fand.’ The Minister has the
power to allocate water from $uch & Goveritment Scheine for irrigation, domestic use or for any
‘other purpose but he has to récognise existing rights.

If for mstance it is necessary to reallocate pubhc water presently being used for mlgauon to
domestic users, it will be necessary {o compensate lmgators for the decreased availability of
water. This 1mphes that water rights are attached to the land and owners of the land are entitled
to use these rights and to reap the benefits.

Since the role of Magalies Watér is primarily to sup[iiy water for domestic use the sources of
water would have to be ore of the following:

(1) groundwater abstracted on land to which the community concerned has some right of
©ownership or ténure, eg state-owned, comimunal or- tribal land, municipal fand or.
‘privately owned land whose owner agrees 1o the use of the water (usually in retum for

some conipensalion);

2y a Goyemment:Watef Scheime where the State suppii'cs‘.w'ater in bulk, eg the. LoskOp
Govemment Water Scheme at Loskop Dam or the similar scheme at Roodeplaat Dam;

(3)  abulk water supplier such as Rand Water who has develop'e;d: a source or who has bought
water from the State eg from the Vaal River System at Vaal Dam; or

(4)  asource developed by Magahes Water for the;r owa use. Since lhe State |s responsuble '
for water resource developmenl in South Aftica, few such cxamples exist. For example |
Umgeni Waler has almost sole access toa number of sources in the Mgéni River bul most
of the infrastructure is owned by the State. S
‘It should be noted that South African water law is currently the subject of a fandarental review
~and water nghts will probably bé significantly affected in future. The preliminary indication is
that accéss to water by the public wilt become more open in future and that the exisling benefit
of having access to nghls in perpetuity to the dlsadvantage of others will be reduced. .



“The siluation in lhc Study Area is such that competition. i‘or 1mgauon water has far outsmppcd
the capacnly of unregulaled streamflow and major storage dams have been built by the State in
virtually every significant river,” In order for the State to bmld Gov ernment Water Schemes, and
to enable thé Minister to allocate the available supplies in an equnable way, it was necessary o
declare a number of Government Water Control Areas.

Government Water Cohir_ol*Areas"(GWCA) are pfoclaimed for oiie of the following reasons:

(1)  Hiorderto’ rcgulate the abstracuon and use of pubhc water for lmgatlon more strictly
. than is possible through the’ norinal provisions of the Water Act, Act 54 of 1956.
Institution of Govermnment water contml places an obllgatlon on the Minister to determine

and makc known the actual water rlghts of each property in the GWCA.

) . T enable the State to consiruct a Govemmenl Watcr Scheme in the control area and o
supply water from the scheme in accordance with arrangements determined by the
Minister. Water rights must at least he respected in these arrangemems

The followmg fourteen GWCA‘S, ltluslrated in Flgure 5-2, are located in or adjaccnt to the Sludy
Arca: ‘

. Rust de Wmtcr Govenunent Walter Control Area
. Lindleyspoort Goventinent Water Control Area’
. Koster River Govémment Water Control Area :
s~ -Koster River Dam Catchment Government Water Control Area
¢ Hex River Government Water Control Area’
’ Buffelspoort Government Water Contro! Area
"« . Hartbeespoort Government Water Control Area
¢ . Pienaars River Govemment Water Contro} Area
. Loskop Dam catchment Govemnment Water Control Area
. Crocodile (West Tran_syaal) Govemment Water Control Area
s Loskop Govemnment Water Control Area
»  Magalies Government Water Contro! Area
« - Scheerpoort Government Water Control Area

»  Sterk River Govemment Water Conlrol Area

It is :mpor!ant to note that water nghts are detcmnned by Taw and can only be cxerc;sed when
‘ the water is avallable Since nmoﬁ in the Study Area is very variable, the reliability of supplies
"__for |mgahon has usually been smpmved consndcrably by the construction of storage dams to
: rcgulate the ranofT: -Aress 1mgated form storage dams are elther scheduled in a Govemment
' Imgatlon Scheiné ot schedu!ed by an lmgatlon Board '

5-3.



5.5.2 Trrigation Boards

Irrigation Boards are ¢stablished under the terms of the Water Act, Acl 54 0f 1956, to enable
local representalives (o operate and maintain communal water works such as dams, canals,
pipelines and dramage systenis and to’ regulate the distribution of the.water available for
irrigation, Imgahon Boards have also been established snmply to régulate the abstraction of
uncontrolled rui-of-river, to build and operate communal waler schemes and fo regulate the use:
of water from Government Water Schemes. In each case irrigators pay a levy to the Board
determined accordmg to the area :mgated and setat a level sufficient to cover the cosls of the
Board. Management of this system is by way of a schedule of m‘lgaled land on each properly
and payment of the levy entitles the 1mgator to a share of the avaitable water up to a maximum
annual quota.

Thé following 1§in_eie’€ﬁ Iirigation Boards have beeil established in or adjacent to the Study Area
and are shawn in Figuie 5-3: -

*

Bon Accord
Buffelshoek
Giyklip
Hartbeespoort
Scheerpoort -
- Kosler
Krokedilrivier
- Kromdraai
Modderfontein
" Olifantsnek
Rietpoort _
‘ Rlelvallel-Wellevrcden
Rondavelskraal
" Twyfelpoort
Vergenoegd
Warmbad
Bloempoort
‘Trans-Elands
Gouwsberg

C I T N N . . T A

% ¥ X X X X # W

5.5.3 Uso of Groundwater’ for lrri'gation
Groundwater inthe Study Areaisa signi ﬁcant resource w}uch is currcntly used for both pnmary

water supply and irrigation: Boreholes are an nnponant source of water supply i m large parts of
*“thie Study Area and the extent to which this source can be oxploned in future has to be assessed.
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The gfoﬁﬁciwélé'r- potential is based on hydro geological and geomotphological data and is
discussed in Section 5.10.5.

On private farins (oulmde GWCA's) the area irrigated from boreholes varies according to the
avaitability of sirface water and groundwater Grounduater is generally purped into storage
dams which ate also supplied from surface waler sources. I is therefore riot always possible to
clearly ldentify the water souice. Satellite i mmgery has been used in the past but the results must
be verified with spot checks on the ground. No such work was conducted for this Sludy

Groundwaier quahly is dn important oonslderahon for pmnary use as well as in crop produchon .
and stock-watering. On the Rust d¢ Winter GWS water quiality problems are expenenced with
grovindwater only. The fatmers are of the « opinion that these problems are due to the presence

~ of fluorspar deposits in the ground which result in high concentrations of fluonde which have

- a delnmental effect ort livestock. Groundwatf*r quallty issues are described in Section 5.10.7.

Consnderable use is made of groundwater for 1mgatlon in the eastem and wcstem parts of the
~ Study Area. In the Springbok Flats area adjolmng Moretele 2, almost all water for irrigation is
obtained from underground sourcés and since the onset of the drought in 1981, irrigators have
“been making increasing use of groundwater. : The only available figures for gronndwater
abstraction for irrigation are those for the Springbok Flats basaltic aquifer (which falls outside
the Study Area), which was estiiitated to be 40 mem/a. The volume of groundwater abstracted
is considered {o have been balanced by recharge amountmg to some 4.6% of the mean annual
precipitation.

Two Govemment Subtcrranean Water Control Arcas (GSWCA) are found in the Study Area,
namely

+ Nyl Valley GSWCA
. Kroondal-Marikana GSWCA

‘These (wo GSWCA‘ were proclaimed for different reasons (irrigation and mining) but as with a
GWCA, the water is already fully allocated fo different users, who have a set quota based on the
amounl of Water available and the chance that there is surplus water avallablc for further
deveIOpment Other users are therefore unlikely to obtain a quota.

554 stoékLWatering

Stock-watenng and game ranching rely on a combmahon of surface water, spnngs and boreholes
for water supply Very littte information is avallable on the growth in the livestock population
or present carrying capacmes of grazmg land in the Sludy Area, Rcsults of the latest livestock
___census (end of March ]995), from the Depaﬂment of Agricullure oh caltle, goats, sheep and pigs
are given m Table 5-4. No data was available from the census concenung the pan of the Study
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Area Within Mpumalanga but the livestock density was assumed to be similar o that in other
rural parts of the Study Area. '

According to the Olifants River Basin Study, the safe stock carrying capacily of the Olifants
" River catchment oh the eastern side of the Study Area'is 4 to 5 ha/large stock unit, except ini the
‘vicinity of the former Kwandebele where the capacity is 6 to 8 hia/large stock unit. In these arcas
the veld is over grazed and scrious soil erosion occurs. The carrymg capacity of the rest of the
Study ‘Area varies subslanhally because of the topography, climate aiid different land use
practices but it is not expected to be more than 8 to 10 ha/large stock unit. Overgrazmg prob]ems
are common, In the northem portions of the Stady "Area around Nylstroom and around
Swarlsruggens, gare farming is common and the capacny could be‘as high as 3 1o 4 ha/large
stock unit. -

The average daily water requirement for a represéntalive large stock wiit (LSU) is about 50 litres
'per day. A large stock unit is equivalent to one head of cattle or game, six sheep or goats, twelve’
pigs or one hundred chickens. The total population of equwalent large stock units in the Study
Arca is about 458,000 (384. 942 head of cattls and game, 43,000 equivalent large stock units for
sheep and goats and about 30, 000 equwalent large stock units for Moitse). The total estimated
present stock-watering requlremen!s is this about 8.36 mem/a.

The RDP guidetines do hot make 'speciﬁe pro‘vis’ion for agricultural water demands but if méat
. production is to keepup ‘with human population growth, the livestock population will have to
- grow proporllona!ely On the other hand, the safe stock- carrymg capacity must be réspected as
~alimitation. It is also important to note that in the rural areas livestock must be seen as part of
the suirvival strategy of otherwisé impoverished communities and that stock-keeping plays an
“important role in (ribal culture, Stock-watering requirements cannot be ignored in the
' assessment of rural water needs. ' :

555 Water Use in Irrigation

' ]frigatidn is one of the biggest water uses in the country and is therefore a major factor in present
and future water resource tnanagement in the Study Area. Many variables such as irrigation
efficiency, irrigation technology, type of crops irrigated and ¢rop management affect lmgauon
demand. : '

" Trrigation in the Study Area is supplied from two sources,l namely:

. Surface water sources (dams ‘canals, rivers)
. Groundwater sources (boreholes)
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These two major sources can be ﬁzﬂher‘shbdivided, from a managemenit view-point, into arcas
which are subject {0 Government water control and those which are subjcét to the provisions of
the Water Act.

Most of the | major storage dams in the Study Area were ongmaiiy built mainly for irrigation
purposes (see Table 5-3 for a list of damis including those used for irrigation).” In a number of
cases their use has changed and some of the water is now used for domeshc or industrial
purposes. Most, if not all, minor dams (farm' dams) are pnvately owned and were buill for
jrrigation, for soil conservahon purposes for stock watermg or aesthetic reasons.

In most cases major danis are located ina GWCA and forrn part of a GWS from which water is
allocated by the Minister of Water Affairs and Forestry for irrigation and for other purposes.
Irrigation Boards (IB) are formed to nanage the allocation of water froin Government Schemes
- or from their own works. Irrigated land is scheduled either under a GWS or an IB.

Water for irrigation is usually released from a dam into the river or into a canal systeni from
- which the 1mgalors abstract their quota. Many of the minor danis in the Study Arca were built
for augmenting allocations from major schemes, parhcularly during drought periods when
allocations from major dams are restricled. - Trrigators also make use of balan¢ing dams for
stoung water abs{racted from'a canal or river. They then itrigate on demand from these dams

Private 1mgahon is not s;heduled as descnbed above and is usually served chrectly from ariver.
" A detaited revnew of the occurrence of irrigation in each of the tertiary sub- catc}unbnts in the
Study Area is given below in respect of Govenmenit Water Schemes, Imgahon Board Sehemes
and Private Imgallon Schemes. '
(1) - Upper Crocodlle Rlver Sub—catchmem A2I
(a) Government h'-’aler Schemes (GWS)
The following four GWS's occur in lhis sub-catchment:
i} Hariébeelspddrl Dam Government Wa!er-Sc'heme
' Hm1ebeespoort Dam 6n the Crooodlte River, downstream of thc confluence with
the Magahes River, was bullt to supply water to lmgators on the Hartebeespoort
Govemmenl Waler Scheme The dam supphes water through 540 km of canals.
" The Bastern canal has a eapac;ty of 8.5 m¥/s and is 48 ki long. The Western

‘ canal has a capacily « of 8.5m’/s and is 56 ki long.” The Northem canal which
is an extelxslon of the Bastern canal has a capacny of 2. 4 m*/s and is 30 km long.
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The total lcngth of the secondary branch canals is 118 km and the terliary canals
288 km. :

A total of 16,218 ha is scheduled for irrigatlion on the Hartebeespoort
Government Water Scheiie. State canals supply 13, 554 ha, the old private canals
supply 2,800 ha and 374 ha'is supplled directly from the dam. The maxiium
annual water quota is 6,200 m’fha a total of 100.6 mcin/a,

Water is also supphed from Haﬂebeespoorl Dam for domestic and mduslnal use,
mamly through the Brits water supply schemme.

: Roodekopjes Dam

Kll pvoor Dami, Vaatkop Dam and Roodekopjes Daih are managed asa system to
opiimise their yields.

Roodekopjes Dam, downstream of the confluence of the Crocodile and the
Sterkstroom rivers, was completed in 1986. The primary purpose of the dam is
to supply water to irrigators along the Crocodile River upstream of the confluence
with the Pienaars River and to supply the domestic and industrial sectors to the
north and west of the dam via Vaalkop Dam. The profile of the canal from-
Roodekopjes Dam to Vaalkop Dam s parabolic, 18.5 km Iong wﬂh aslope of 1:4

_000 and a capac:ty of 4.0 m’fs,

Klipvoor Dam, Vaalkop Dam and Roodekopjes Dam are managed as a system to
supply water fo irrigators in the Crocodile River (Western _Transvaal)
Govermment Water Control Area. The tofal scheduled area is 10,714.6 ha.

- Roodekopjes Dam supplics 1,833.2 ha on the Crocodile River which can only be

commanded from this dam, and 1,847. | ha between the Elands River and the
Pienaars River giving is a totat 0f 3,680.3 ha. The annual quota is 8,000 m*ha
for a maximum annual allocation of 29.4 mcm.

iii) Buffelspoort Dam

* ‘The Buflelspoort Dam was built to supply water to irrigatci;rs. in the Bliffclspdort

‘Government Water Scheme. The dam is on the Sterkstroom River which is a

tributary of the Crocodile River.: Of the | ,938 ha scheduled for irrigation, only
approximately 970 ha are lmgalcd at preseni The balancé of about 1,000 hd is
on farms now used for niining purposes. ' About 6.4 mem/a is commilted.



The fotal ar¢a irrigated froni GWS's is 20,893 ha with an antual quota of 136 55
mcm.

ivy Middelkraal Dam

This dami is on the Marikana River, which is a tributary of the Sterkstroom River,
. The dam was completed in 1966 and Supphes water to the Middclkraal
~ Government Waler Scheme. Anarea of 103 ha is scheduled under the scheme
buft only 25 ha are lmgated because of mining activities. Very little water has
 been available from this dam since about 1985 and only about 155,000 mem/a is
commilted.

The total area irmigated ffom GWS's is 20,893 ha with an annual quota of 136.55
mem. ‘

(b) Irrigation Board Schenies

Six Irrigation Boards Tisted in Table 3.2.2 in this sub catchments and supply waler
from communal canals with thé benefit of storage.

Table 5-5: ' 'Ir'rigainn_Bdards in the'Upper Crocodile Catchment

Board Name Source of Water . Scheduled Arez tﬁa)
Magalies N | - Ma’galieg River ' 1878
Magalies S _ -Ma'galic.-s:Ri.\_'er ;s
Zeekoehoek : Magalies River’ ' a 1710
Kromdraai . - = Bloubankspruit o . 1319
Ste'rkwafer Steikstroom - ‘ 1640
Bulfelshoek - Bamards River I VLY

Tolal _ _ 9980

The total water used in Imgatlon Board Districts is not recordcd and is eshmated to
be about 6.9 meni/a.

(©) Private ir}-igatfori seh entes
, 'The Hartﬁbeespoon !mganon Act of 1914 (Act 32 of l91 4) prohlbns the construction
~of dams in the Hartebeespoorl Dam’ catchment area but does allow abstraction of

A ,_{watet from pubhc sireams (w:thm the reslrlcuons of Secuon 9B of the Water Acl,
1956). In spite of this restriction, miany small farm dams have been built in this sub-

Y



@

catchiment, most of which are upstrcam of Hartebeespoort- Dam.’ The estinated
capaclly of these dams is 17 mem. It is estimated that aboul 9,058 ha are under |
private irrigation using up to 58 menva. Much of this usage is from the Magahes and
Scheerpoort Rivers. :

Elands River Sub-catchinent A

(a) Government Water Schemes

~ Only four GWS's oceur in this sub-catchment, namely:

B

C rocodf'lé River GWS

Vaa]kop Dam is managed as part of a system w uh thvoor Dam on thc Plenaars
Rivet and Roodekopjes Dam_on the Cmcodlle River. This dain is at the
confluenee of the Hex and Blands River and water is released for irrigation
downstream of the dam along the Crocadile and Elands rivers.

A 4.0 m*/s canal was constructed from Roodekopjes Dam to Vaalkop Dam in
1984 to augment suppliés to the Magaiies Water purification works at Vaalkop

from where water is supplied as far north as Thabazimbi as well as towards the

~ south and west for domestic, industrial and mining purposes.

\-Kli'pvoor Dam, Vaalkop Dam ‘and Roodekopjes Dam ’sup"'ply water to the

Crocodile River (Westem Transvaal) Government Water Scheme area. The total

-area scheduled under this scheme is 10,715 ha Vaalkop Dam supplics 340 ha

o along the Elands River, which can only be supplied by this dam, with a maximum

- annual water quota of 8,000 m*/ha. Up to 2.7 menv/a is supphed for irrigation.

Hex Ri ver' GIs

Bospoon Dam was ongmally constructed to supply water to Ruslenburg and to

 the Bospoort Irrigation Board. In 1989 the dam was mcorporated into the former -

Bophuthatswana and the Government Water Control Area was deproclaimed.

Since theéi no water is released for iirigation and all the water available is used

for domestic, mining and industrial purposes.

iti) Elands River GH’S

Lmdleyspoon Dam on the Elands River was bmll in 1938 to’ supply waler (o
irrigators in the Lindtcyspoort Govemment Water Control Area by means of
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canals. The dam supplies a schedulcd area of 1, 587 ha with an annual water
quota of 5,300 m*/ha, ic a maximum of 8.4 ‘menv/a.

A total of 1,927 Ha is irrigated from GWS's in this sﬁb-catchment and receives a
quota of 11.1 menva.

iv) Koster River Dam

. This dam is on I.hc Koster River and supplies the Koster River GWS. An area'of
541 ha is scheduled with an annuial quota 0f'5,300 m’/ha/a. The maximum arinual
allocation is thus 2,87 mem.

(b) [rrigatr'or? Board Schemes

Four Irrigation Boards llSlCd in Table 3.2.3 occur in this sub- catchment and supply
* water from their own communal darus or from spring-fed sources.

~“Table §-6° Irrigation Boards in (he Efands River Catchient

Board Name . Source of Water ‘Scheduled Area (ha)

Ohfanlsnek o ' érirahtsfgekbm ' ' 1,459.7
Mo-dderl"ontem | .Spr_ings.” _ ' L - 823
‘Glyklip~ ' Walerkloofspruit . | : §1.3
Total o L 1,628

No records exist of the water avariable for 1mgauon in these irrigation districts but
extreme shortages have been’ expenenced over the {ast 10 years. In years of good
runoff it is estimated that about 16 million mcim/a will be used.

(¢} Private irrigation schemes

Best available irii‘orm‘atioh indicates that about 2,710 ha are irigated in private
schemes, often with the use of small dams. Treated eflfluent from Rustenburg is
i drschargcd to the Hex River where it is reused for irrigation at Paardekraal It is
estimated that about 15 million menv/a wmr’ld be used when water is avaitable while
only about 4.5 million mem/a'is available on a regular basis.
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* Picnaats River Sub:catchnient A23

(2) Government Water Schemes (GWS)

Only twa GWS's occur in this catchnient, namely:

i)

Crocodile River GIVS

' thvoor Dam on 1l1e Plenaars River downslream of Roodeplaat Dam was
- completed in- 1970. The puipose of the dami is to supply water to irrigators along

the Pietiaars and Crocodile Rivers in the Crocodile River (Westem Transvaal)
Government Water Conilrol ‘Area. The total Area scheduled is 10,715 ha.
thvoor Dani supplics 6,695 ha with a maximuin quota of 8,000 ncm/ha. Up
to 53.6 mitlion mcmfa is supplied for ;mgahon

Piendiars River GWS

‘Roodeplaat Dam on the Pienaars River was constructed in 1959. 1t supplies water

to the Pienaars Rwer Government Water Scheme and to Magallcs Water
purlﬁcahon works at Wallmannsthal and Temba. ’Ihc lmgauon canal has a

‘capacily of 1.0 menvs and sérved a scheduled area of 880 ha with a water quota

~ of 6,500 menvha/annum, ~The maximum volume supplied for. irrigation is

therefore 5.7 million mem per annum.’ The area scheduled has since decreased

to 750 ha but the quantity of water available is unchanged.’

- Atotal of 7,445 ha is lmgated from GWS s usmg a total of §9.5 miillion rhcnv/a

whcn a full quota is avallablc

(b) Irriga!t'on Board .S‘chemes

The two lrrigation Boards listed in Table 3.2.4 Occur in this Qa’tch.me'nt and both
supply water from their own storage dams.

Table 5-7: Irrigation Boards in the Pienaars Rive'r Catchment

Board Name Sbu_'fbe of Water " Scheduied area (ha)

Bon Accord ' Bon Accord Dam . ‘ 966
Warmbaths Bischoffs Dam 23
Total ) ' 1,197
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No rehable records of waler use in thesc irrigation districts are avallabte but the
sources of water are reasonably rchablc and supply about 11 menva.

(c) The information avallable mdlcates that private schemes account for most of the
water used in the Pienaars River sub-catchment with about 5,197 ha under irrigation,
mostly form the Apies and the Piciaars Rives and some of their tributaries. No
information is available on water used by private. |mgahon schemes but this is

 estimated to be about 52 menv/a in years of good runoff.

Lower Crocodile Sub'-éétchjﬁ‘eni Al4

A iafgé pomonof thé Crocodile River GWS is located in this catchnient but irrigated

“from upstream storage in Roodekopjes, Klipvoor and Vaalkop Dams described above.

A total of 10, 714 hais irrigated froii this three dam system on the GWS schedule. In
addition an area of 3 840 hais schcduled for irrigation from the alluvial aquifer along the

river. This grouvidwater source is fed from sireamflow so all water abstracted from the

system is deeméd to be froim storage and accounts for about 31 menva.

The total aréa imrigated with water abstracted int this sub-catchment is 6,699 ha which uses
about 63 nicnv/a.

© Private 'inigali:o_n in this catchment includes 200 ha from the Sand River, 16 ha from the

Bierspruit and 2,:64_3"ha from the Crocodile River al Makoppa giving a total area of 2,859
ha. Itis estimated that 32 menv/a is used for this irrigation.

Tributaries of the Olifants River in Sub-catchments B20, B31 aud'porﬁoﬁ of 932

: (a). Government Water Sciieri:és (GWS)

No GWS falls within this area,

- (b) frnganon Boards

The th:ee Irngauon Boards llsted in Table 3.2. 5 occur in lhls catchment “Ontly .
Bloempoon is mcluded as a water demand because its abstraction point is wuhm the
" Study Area.
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Table 5-8: lrr;galion Boards fu the Olifants River Sub-catchments (BZO B3i

“and a portion of B32)
Board Name Source of Water Schedufed Area (ha)
Blocmpoort Mosesriverand canal | 340
Trans-elands Efands River - 832
Gouvisberg Loskop Dam _ 1 267
Tolal : e i S 2439

The quota is 7,700 ménithala ivlliich"gives a niaximium of 2,6 meni/a being used for
irrigation.

(©) Private irrigation schemes

The best avaifable mfomlatlon mdlcates that about 740113 are ungaled in prwate'
scheiries. It is estimated that about 7.2 men/a would be used by pnvate irrigators.

(6)  Summary

Use of water for irrigation has been evaluated by sub-catchmeént and in resbeé:t of
Government Water Schemes, Irrigation Board Schemes and Private Irrigation Schemes.
A summary of the estimated water usage is given in Table 5-9. -

56 - Water Availabllity

: Duc to the semi- and nature of the Study Arca storage is necessary to ensure that reliable water
supphes are available to meet needs for domestic use and industry, irrigation and other uses.
The small amount of forestry in the area is obviously rain fed and stock- -waltering is dependent
~on springs, boreholes and run-of-river flow. Groundwater is a major source of water for
~ domestic use in the Study Area at present. -

The major storage dams listed in Table 5-3 have a total capacity of about 1,161 mem and a MAR
“of 790 mem; if the Crocodile basin is considered, the storage capamty of 516 miem exceeds the
'MAR of 494 mem. 'H is important to note that three of the main dams, namely Roodekopjes,
' Vaatkop and Klipvoor, are op¢rated as a system and that the the;r combiiied yield is dependent

on the way in which Rietviei, Hartcbeespoort and Roodeplaat Dams are operated 'Furthermore,
" the rehab:llly or secunly of supphes has a s!rong influence on the available yield.

The total quota for exlslmg 1mgai10n of 584 6 mem/a gwen n Tab!e 5- 9, alone exceeds the total
estimated yield in the Study Area without taking cognisance of other uses. In prachce most of
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the domestic and mdustnal needs in thc Study Area arc supplied with water lmported from
extemal sources and much of the rmgahon devclopment is subject to severe periodic shortages
as it is supplied at a lower level of reliability.

It is important to note that options are available for reallocation of supplies between user sectors
from existing major dams. '

5.7  Afforestation

The Siudy Areais !ooaled in a semi- and 1o and pari of the country ‘with predommanlly sumriter
rainfall.” Avérage annual rainfall varies from 414 té 674 mm. The climatic coriditions are not
ideal for forestry and the exparision of afforestation is most unlikely.

: Itis eslmlatcd that about 30 to 120 mnvhafa reductlon in man- off oceirs in forested areas Mosl
plamallons in the Study Arca are pnvately owned and no comiiercial foreslry exists. The largest
areas of forest are in the Ohfants River sub- catchment The present extent of forest development
and water used Is given in Table 5-10.

58 Urbanisation

Utbin developnient has a big influence on the nun-off and refum flows to the system and has a
lnghly sngmﬁcant effect on the yield of several dams in the Study Area. These highly modified
run:off patterns will change the cateulated MAR figures for the dams and proper model studies
to simiulate thése conditions aré necessary fo be able to accurately determine the existing water
resources's potennal

Most of the upper Crocodlle Rwer sub catchmem which includes Pretoria and Johannesburg is
urbanized. These areas form part of the catchment for Hartebeespoort Dam which s a big source’

of lmgahon water and regulates the yleld of several other important dams further downslream

Urbamsatlon is eons:dered in more delall for !he purpose of the water balance model in Sectlon
5.4.2 of Supporting Report E. -

59 Intcrbasin Transl‘ers

‘ Smce !he eslabhchmenl of Pretona and Johannesburg m the. 1860'5 water demand for domestlc
lndustrial and mmmg use in the Study Arca has grown steadliy In sprte ofa pohcy of uullzmg
local water sources before developm g supphcs from further away, 1t sooh became necessary to

lmport water mamly for use in thc Prelona area but also for mmmg use near Rustenburg

_--"'Approxmlalely 500 mcm/a is 1mpor1ed fro:n the Vaal River Supply Sys(em by Rand Water and
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supplrcd to Pretoria, Ga: Rankuwa and \dabopane and to Rustenburg and thie platmum mies
alorig the Bushveld Igneous Complex via the Bamardsviei Scheme :

5.10 Water Rei]uircments for tlté Environment

[loosystems, mainly in ‘and along rivers in the Study Area, require water for thcrr maintenance.
Although these water requirements are not defined and protected in South Aftican legtslatton it
is gencra!ly amplcd ‘that water resource plaining and developmcnt niust take acconnt of pubhc
interest in enwromnental systems. Pnnctp]es of Integrated Envnronmental Managenient are now
commonly followed i m water résource plannmg where so called Retevant Enviroriéntal Impact
Prognoses (ROIP) are prepared

One of the main oufcomes of envrronmcntal mvesltgallons in water resource plannmg is the need
for assessmg and prowdmg for Instream Ftow Requlrements (IFR). These assesmlents mvolvc
a complex process requiring a mulu drscrplmary team of specrallsts and can only focus on a
paxtlcular nver or section of a river. No gcnerahsed information is available on lFR’s which are
essentially site specific and dépendent on factors such as the present conservatlon status of the
rivers and management objectives for future conditions,

[FR's are usually expressed as a flow regime, i¢ mininium flow rates and flood events, for
extremely dry seasons and for maintenance conditions in more average years., ‘Water must be
present in the river systent o satisfy IFR's and is mostly non-consumptive wnth losses only to
seepage and evapo-iranspiration.

" Rivers in the semi-arid Study Area are mostly ephemeral in natural condrtlons ie penods of no
flow are common under natural condilions. It is well know that the original river regime has
significantly changed as a result of the extensive volume of storage in the systein; abstractions -
for various uses and return flows of trealed wastewater the ongm of much of which was
imported from neighbouring catchments.

it is not possible to make general estimatcs of water requirements for énvironmental systems but
it can safely be said that the availabilily of water from any new development proposals would
probably be timited by these considerations. Between 12% and 20% of the mean annuai runoff
(MAR) has been found to be necessary for IFR's in some other rivers in South Afnca The use
“ofriver chanme]s as conveyances for water supplres from sources such as dams to demand centres
~such as irrigation schemes or water treatment plants could to some extent, satrsfy 1FR's,
Regulated releases into rivers could also have a negattve effect on ecosystems if, for instance,
there is insufficient variability of flow. -
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5.11 -Ialfernation'al Conimitments.

Rivers in the Study Area are all lnbutanes of systems wh:ch cross’or form intemational
boundaries.  Neighbouring states therefore share a common interest in the water resources with
the RSA. These interests arc recogmsed i1l interriational law but are not specified or quantificd
in lreaties or agreements Principles mvolved in formulating treaties between co-basin states
have been codified in the sa-called Helsinki Rules.

In the absence of speclﬁc reqmrements for cross-border flows in international treaties, it is not
possible to define the water requirements for this purposes. However, it is usual practice for
States to advise their co-basin nelghbours of water resource ‘development proposals and
“sometimes to' undertake Jomt investigations such as the Joint Upper Limpopo Basin Study
{J ULBS) lmtlated sonie years ago by the RSA and Botswana.

512 Geohydrology
'5.12.1 Borehole Statistics

" For the purpose of this Study; a consolidated database was constructed for groundwater in the
'Study Area. This brought together information from several sources as follows: :

(1) - HydroCom Database of the former Bophlilhat’swana Depa{"imehl of Water Aﬁ‘airs; :

2) Nat;onal Groundwater Database created for DWAF by the Institute for Groundwatcr
Studies at Free State University which is operated and managed by the DWAF-
Directorate of Geo- hydrology, :

3."(3) _ -Nauonal Water Quahty Database whleh is also operated and managed by the DWAF
Directorate of Geo-hydrology; and ‘ ‘

4 Hydfocensu’s unde’ﬂakeh by VSA Earth Scvience Consultants for EVN in the former
Kwa’ndcbele which' is also' stored in the HydroCon database.

Sahem stallsncs in regard to the consohdated groundwaler information are presénted in Table -

5-11. Tlns mfom1ahon is comamed in the hydro geological database conmpiled for the purposes
of this Study “The spatlal distribution of this data is' shown’ together w:th other perlmenl
information on the groundwater Maps mcluded in the Data Book.

' -The statistics presenled n T able. 5-11" indicate: a setious shortcommg in the database in that
" there are a large percemage of borehotes for whlch mfomlahon regarding status and equipment
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docs not exist. This deficiency cannot be easily of chieaply rectified and would te‘quire al least
a reconnaissance type hiydro-census to effect an improvernent. Relevant conclusions which ¢an
be drawn from the statistics are summarized as follows:

(1)

)

(3)

- (4)

&)

(6}

N

Almost 50% of the borcholes for which dopth information is available are less than 60
mdeep; -

Only 17% of the boreholes for which yi'e]'d data is available can deliver more than 2 Vs;

The borehole success 'rzité; based o the percentago of boreholes yieidihg m_o'ro than 0.1
I/s, is moderate at 62%;

As a corollary to item (c), the failure fate is compatatively high at 38%;

The depth to groundwater rest level is less than 30 mi in 85% of the borcholes for which
information is available;

Quality restrictions on potability due 1o excessive nitrate or fluoride concentrations is
nearly equally distributed between the mimber of boreholes for which data is available;

. and

- A very low percentage of boreholes {5%) suffer potablhty reslnctlons due to excosswe .
_ concentrations of both nitrate and fluoride.

5.12.2 Grouhdwater Characterization

Followmg the work of - Vegter (1995} and Water Systems Management (1995), |
' charactenzatlon of groundwater occurrence i the Study Area recognizes both primary and
secondary aquifers representing four hydro-geological regimes. These ar¢ identified as follows:

ay

@

Intergranular reginies

' These are repfesented by Quaternary deposits compﬁsing‘ unconsolidated to semi-

consolidated alluvial deposits {sand and gravel). The hydro-geologically more significant
of these arc found mainly along the more mature lower courses of the major rivers. .

Weathered-and-fractured régimes

‘These are represented by pores in dxsmtegrated or decomposed to parlly decomposed
~rock above fractures which are principatly restncted to a zone directly bctow groundwaler
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tevel. Both’ the compact rgneous and sedimentary rocks (excluding do!om;te and
l;mestone) within the Study Area can be associated with these regimes.

(3)  Fractured regimes

The fractured rogirho's are characterized by the preserrco of fractures restricted principally
to a zone directly below groundwater level. Their occurrence in the Study Area can again
be associated with compact igneous and sedimentary rocks.

(4)  Karst regimes

These regimes are genei'ally rcprcsenled by dolomite and hmestonc formauons in which
a secondary porosity has been developed by mechamsms siich as chemical dissolution
resulting in the formatron of openings varying in size from fissures to exlensively
developed caves. -

5.12.3 'Grounds'.*ater EXplorétiOn

The scientific exploration of groundwatcr resources in the Study Area has relied exlensrvcly on

various geophysical lechmquos Barly exploration activities utilized prlmarr‘ly the direct current

(DC) electrical resistivity and the magnetic techmquos These methods were and stitl remain

suitable for identifying variations in the electrical resistivity of lithologies in depth and the

présence of magnelroally susceplible structures respectively.  Whereas the magnetic techmque :
still represents the most widespread geophysrcal oxplotation mnethod in use, the DC technique

has largely given way to lhe electromaguelrc technique. This is attributed to the better detection

capahrhtres of narrow fracturc systems and the greater speed of execution which the latter

technique. generally enjoys over that of DC survcys It is suggested that the deep (>500 m) - |
elcclromagnouc sounding capability offered by the Geometrics Stratagem msirument might
prove c\tremely valuable in localing deeper—seatcd aquifers in the Study Area.

The gcophysrcal methods of explorahon have furiher been augmenied by renrotely scnsed data
in the form’of aerial photographs, satellite images (eg. Landsat and SPOT) and airborne
goophysrcal surveys such as radromeinc andm agnelrc data (held by the Council for Geoscience).

Of ihese, aerial photograph mterprelalron (API) probably enjoys the greatest application. This
isdue mamly to the ready availability and comparahvely low cost of these i 1mages in coruuncuon

- wrlh the better roso!utlon (scale factor) which they offer. - The more drrect method of

_ mvesugalron such as the drilling of explorahon boreholes is rarely exercised. Certainty, this

: oplron is never exercrsed in fegard to small scale communily water supply projects due primarily

- "o the cost. Such actwrty, however, is warranted and has been exercised where the development
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of groundwaler resources on a larger scale such as for mumcrpal of town water supply has been
undertaken. -

5.12.4 ‘Groundwater QOccurrence

The gioundwater drainage pattent in the Study Area generally represents a muted version of the
surface water drainage pattemn.  Depth to groundwater level across the Study Area is shown on
a map included in the Data Book. :

| Rechargc in i the southem Sprmgbok Flatsaieais esnmated by Nel (1992) at 2 7% of lhc total

- annual ramfall At Warmbaths, thie mean annual recharge is estimated at 7% of the MAP by
Taylor (1980) Rayazi (1994) recogmzes a recharge ﬁgure of 4.6% for the nonhem Springbok
Flats, this figure decreasing to some 2% in the west in sympalhy with lower mean annual
precrpllat!ons In light of the above, it is reasonable to presume that the annual recharge from
rainfall averages some 3% of the MAP across the Smdy Area.

The storativity (storage coefficient) of groundwaler bearing formations in lhe Study Area varies
through three orders of inagnitude. The mtergranular regimes are generally considered to
possess the greatest storativity values (>1 %). The weathered-and-fractured groundwaler regimes
can reasonably be expected to possess storativity values i in the order of 1% to 0. 1%, whllst those
of fractured regimes ate generally <0.1%.

" An indication of tlie potential volumes of groundwater held in storage is provided by the
following examples. At Warmbaths, the estimated available storage potential of the basalt
aquifer underlying the municipal property Het Bad 465KR (area 7 kin®) amounts to 2.5 mem

" (Taylor, 1980). The basaltic aquifer of the northern Springbok Flats is estimated to hold some

12,900 nem of groundwater in storage over an area of 1,508 kin? (Fayazi, 1994). ‘An analysis of

- borchole yield information contained in the hydro- g’eological:database indicates a wide variation

“in this parameter. The variation is related to !he'widely différing hydraulic properties of rock
types locally and the nature of the associated groundwater regimes. 'In the primary alluvial
aquifer adjoining the Crocodile River, boreholes capable of yielding in excess of 20 Is are not
uncommon (Hobbs 1983). Foster (1983) reports that snccessful boreholes yielging in excess of _
2 Vsat Nylslroom aré associated with zones of deep weathering on a wide i :gneous intrusion. At
Warmbaths, boreholes tapping the basaltic aquifer are capable of yielding in excess of 10 /s
(Taylor, 1980). The dolomite formations occurring the Study - Area are not knbwn to be
extensively karstified and therefore are not consrdcred to reprcsent major potential sources of
groundwater ' '
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5. 12.5 Groundwater Harvest Potential

The sustainable yield of grotlndxvater resoutces, ie. the grotndwater resource potential, within
“the Study Area is gauged on the basis of the Harvest Potential Map (included in Scction 2.1 of
the Main Report) to be in the order of 488 menv/a as shown in Table 5-12.

- The groundwater harvest potential map derives from work undertaken by Seymour (1995) the

basis of whrch is contamed ina report titled “Fxplanauon Report for the Groundwater Harvest
‘Poléntial Map of South Africa 1995". “The calculation of the Groundwater Harvest Potential
" entails a number steps which are summarised as foltows:

(1)

(2)

@

@)

©

©

' lnterpolahon of calculated pomt vajues of mean annual recharge to areas which identify

aqurfer systetiis and then calculating the mean annual volume of recharge per unit area,

“This value is made equivalent to and assigned the term recharge abstraction (RA)

‘Bstimation of the avarlable storage (AS) of each aqur[‘er system based on model theory
- applied to smke frequency analysrs and average storativity values for the given rock type.

Calculation of storage time (ST) of cach aquifer system ca!culaled as the quottent of
available storage (AS) and recharge abstraction (RA), ie. ST = AS/RA.

Calculation of the drought deciation (DI)) represented by the ratio of the 20th and the

~50th (median) percenule values of annual precipitation, ¢g. if the 20th percemr!e
‘ ‘prccrpﬂanon per year 400 mm and the 50th percentile precipitation per year = 610 mm

then DD = 400/'610 066

Calculahon of the mmmmm recharge (MR) as the product of the recharge abstraclron

(RA) and the drought deviation (DD), eg. if RA = mean annual recharge = 30 mmfyr and

DD = 0.66 then MR = 30 x 0 66 =20 mm/yr

Calculation of the sustainable yield, harvesl potentlal or safe abstracuon (SA) as the

' product of the minimum recharge (MR) and the storage time (ST) ic. SA=MR x ST.

In ordcr to classify groundwater qualrty, DWAF have the foltowmg c!assrﬁcahon

‘ -Cla'ss 0 SR ;ldeal water qual:ly, smtable for lifetime use;

Class 1 : Good water quality; rare instances of negatwe effects;
- Class 2: ‘Water safe for short term use only, common instances of negative effccts

‘with long term use;

R Clasé 3: _Unacceptab!e water quahty for domesuo use; unsmtable domestic use
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without tréatment: consider use for livestock watering; and
Class 4 : Unacceptable water quality for domestic use and stock-watering purposes;
- unsuitable for domestic use without treatment. -

Based on the groundwater database, the likely quality across the Study Area is shown in Figure
5-4 according to this classification.

If the 88 mem of groundwater whrch is sub}ect {o adverse quahly considerations’ (Class 2, 3 and
4 water) is subtracted, then tHe total stistainable yield or harvest potemlal réduces to some 400
mem. 1 is not unreasonable to regard 30% (120 mem) of this volume as exploitable.

5.12.6 Grouridwater Utilization

The cuirrent 11'1agnitttde of gioundwater resource utilisation within the Siiidj"Ar#‘a'is estimated
to beé in Ihe order of 20 mem/a. This ﬁgure includes al} classes of water quality. Areas which
can be smgled out as supportmg the bulk of this utilisationi are, in the Eastem Zone, Moretele 2
area (1.24 mcm), in the Central Zonc Wannbaths/Nylstroom (1.10 icim), and thvoor (1. 82
mem) areas; and in the Western Zone the Thabazinibi area (12.40 micm).

It is evident that'the estimated 20 mem c‘urré'mly utilised represents only 17 % of the 120 mem
considered to be sustainably exploitable. This comparison indicates that considerably morc
groundwater is available than is currently being utilised. :

Groundwater resources in the Stady Area’are utilized for potable waler supply to rural
cominunities, for stock-watering purposes, irrigated agﬁculture'and in a few instances, for urban
water supply. Itis extremely difficult to quantify the volume of groundwater abstracted for
potable water supply to rural communities (allhough an estimate is included in the water deniand
projection), and for stock-watering purposes. . With regard to lrngaled agriculture, partly rellablc
' figures arc only available for those areas where such activities and the groundwater cxplmlauon
for this purpose are concentrated geographicatly.

5.12.7 Restrictions on Groundwater Utilisation
" These compnse aspects related to the reglonal and local drsmbuhon of groundwater resources
in terms of their accessm;hiy, ‘exploitability and quahly Tt is clearly understood lhat the

" development of groundwater rcsou ICes is s{rongly influenced by the spatial distribution of "low",
“medium" and "high" harvest potentlai areas,
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Grotrhd\veter Quality .

Alarge proportron of the popnlatron wrthm lhe Study Areais eurrently wholly reliant on

- groundwater for domestic water supply, especially commiunities in more niral areas away
~ from the large populatron centres.  Dué to the relatively shallow nature of many of these

boreholes, they are vulnerable to bacteriological and chemical po]lunon especrally from
poor sanitalion. Basic ptl latrmes are the predominant fonn of domestic sanitation,
especrally in rural areas, and oftcr no protectlon against such pollution.

Thie most rmportant detnmental factors influencing the potabrhly of groundwater are
gxcessive concentrations of the elements nitrate (N} and fluoride (F). The SABS 241-

' 1984 standard sets recommended acceptahle limits of 6 mg/l N for’ nitrite and nilrate and

1.0 mg!l for fluoride with maximum penmssrble fimits of 10 mg/l N and 1.5 mg/l F

: respectrvely

Maps prt;duce'd by the WRC of DWAF in 1995 for g‘rourrdwater quality show areas of

nitrate risk, (concentratron exceedmg 10 mg/l as ‘N nitrite/niirate in more thaii 20 % of
analysed samples) and fluoride risk, (concentration exceedmg 1.5 mg/l as F in more than

20% of analysed samples) for the entire country. Most of the Study Area is shown to
be subject to these high nitrate tevels and localized pockets are subject to fluoride risk

(the Pilanesberg arca, northem parts of Brits and Odr 1 Districts and eastern parts of
Bronkhorstsprurt District and Kwandebele)

A report to the WRC produced by CSIR, “A Prelrmmary Investigation of the Nitrate
Content of Groundwater and Limitation of the  Nitrate Input“ (WRC Report No:

- 368/1/93), utilized data from the DWAF database and found that higher levels of nitrate

(greater than 20 mg/l but in niost cases greater than 50 mg/1) mostly occurred in five

-areas of lhe country.’ Boreholes along the Crocodile River formed one such area and the

Spnngbok Flats area (rmmedrately north of Moretele 2) was another. - High nitrate levels
int these two locations are mostly due to anthropogenic activities ie dueto contammatron
from poor sanitation, sewage disposal (untreated), solid waste disposal to landfill,
tivestock and other pollution sourées and are characterized by locally high nitrogen levels

inthe proxrmrty of the source of pollutron The report. recommended a dual approach to
- reduce mtrogen mputs using regulatory control measures and a programme of pubhcrty :
= In addrtlon it was recommended that long-term trends be momtored vulnerable areas
’-delmeated and that fmther studies - conecntrate on mechanisms -of natural nitrate
: accumulatron and ‘on"the nifraté problem Studics by Fayazr (1994) indicate that
excesswely high nitrate ooucentratrons (*53 mg/l N) are to be found in groundwater from -
‘the basalts of the Letaba Fonnatron in the northem Springbok Flats.

528



A paper presented at the conference Groundwatcr 05 held in Midrand in Septembcr_
1995, “D;stnbullon and Cause of High Fluoride Groundwater Westem Bushvcld Sotith -
'Afnca” by LP McCaffrey, JP Willis aiid RT Walkins of the Umvers:ty of Cape Town,
addresses the levels of fluorides over inost of the Study Area. Denlal fluorosis is
endemic in the area with between 80,000 and 110,000 people thought to be adversely
affected. The Pilansberg Alkaline Igneous Complex and the Nebo and L cbowa Granités
have consistently high' fluotide concentrations in excess of 3 mg/l alid I.S altnb_utcd
primarily to the dissolition of fluorite aiid chemical weathering of fluoride-bearing
material.” The sporadic occurrence of high fluoride levels in the Karoo sediments toward
“the éast is ascnbed to deép borehoTes which- peneirate through these rocks into the
* underlying gramtes Reccnt work by Fayazi (1985 and 1995), addressed, amongsi other
things, high-fluoridé and high-nitrate groundwater in the northem Springbok Flats area.
Both authors recoghize that the quahty of groundwater in respecl of nilrate and ﬂuorlde
- is substantialty dependant on the rock lype

" “The database compiled for this Stﬂdy cbntailis 4,875 hydro-geocheniical analyses which -
éddress the f‘ul_l spectrum of macro elements (major cations and anions plus nitrate,
flucride, electrical conductivity and pH) In terms of physical propérties; based on
electricat conductivily (of TDS) values, the ambient guality of groundwater in the Study
Area might be classed as good. This is based on 46% (2,220 out of 4,875) of the
chemical analyses cxhlbltmg electrical conductivity values of fess than 70 mS/m, which
value meets the recommended acceptable limit set for this parameter by the SABS 241-
1984 Specification for Water for Domestic Supplies. Funher, a total of 4,643 samples
(95%) have electrical conductivity values which meet the maximum penmssnble limit of
300 mS/m set by this standard.  These observations match that of Vegter (1995), who
indicates that the TDS value of groundwater in the region falls in the range <'1,000 mg!l
The distribution of arcas with elecmcal conduchwly, fluoride, chloride and nitrate values
ts shown on a map in the Data Book.” ']he likely groundwater quality accordmg to the
DWAF classification for the Study Area'is shown in Figure 5-4. Vegter (1995) further
identifies Type A (Ca+Mg/CI+SO,) and Typé B (Ca+tMg/HCO,) groundwaters as the
dominant hydrochemical types iri the Study Area.

It is"extremely important to recognise the fact that groundwater qusality might vary :
01131dcrably from locality to locahly even within a reiahvely small area. The zones of

poorer quallly water indicated on the Harvest Potential Map muist, therefore, not be seen

to represeit arcas within which alt groundwater is of an unacceptable quahty Sxml!arly, :

areas which are shown to support an acceptable quality of groundwater almosl certainly

include site specific oocurrcnces of unacceptable quahly groundwatcr This is illustrated

" in the Groundwater Qualtly Map in the Data Book.
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‘ Groundwater Accessibility

‘This property relates to the probability of sinking a borehole with a yield of greater than
0.1 Us (Vegter, 1995) This information is shown on the map showing Potential Village
Water Supply from Groundwater which.is included in the Data Book from which it
appears that:

{a) groundwafer access1b1hty is more favourable (range > 60%) in the easi rather than the

west of the Study Area; and

‘(b) the greater poriion of the Study Area hasa horcholc accessibility in the range 40%

to 60%.

‘Groundwater Exploitability

“This property relates to the piroba‘bil'i.ly of sinking a bo_reho!e'with a yield of greater than

2.0 Us (Vegter, 1995). This information is also shown on the map showing Potential
Village Water Supply from Groundwater which is included in the Data Book from which
it appears that: -

(a) a “small area ‘south of Warmbaths in the north-eastem comer of the Study Area
represents the only portion where the groundwater exploitability is better than 50%;
" and

(b) lhc greater portion of the Study Area has a groundwater explo:tablluy of between |
20% and 30%. . -

: Bor'ehole yield

- The yield for proposed boreholes is estimated primarily from Flgurc 5-5, Borehole

Yield. The Potential Village Water Supply from Groundwater map also prowdes an

" indication of the exploration area and the number of borcholes rcqulred for each village

community, should groundwater dcve}opment be a feasible option. |

Bofcholé location

If groundwater isa wable opuon for medlum term planning then it is anticipated that
boreholes will have to be localed outside of villages because of the expected groundwater
contamination which wnl ost likely occir 11‘ located within the village. For planning
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purposes it will be assumed that the boreholes miust be located 1km outside of the village
boundary. In the casé of mult:ple borcholes a distance of 500 ni: ;apart will also be
assunied.
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Table 5-1:

Quatcrhary"ahd Tel'lin_rj- Catchment Information

(113)

Cateh | Gross | Net | Forest | lriig, mag | aap | osar | N OO L pams
‘ment Avea | Afe_a Ai"ea._ .. Ateé .. (mm). .(mm) 4 (mm) MAR | MAR

ko) | G | @md) | kmh | : (mem) | (mem)
A2IA 482 ;43'2 ! 94 1,760 684 34 16.2 ;I6.2 $
ang | sm| s sa| 10| en 9] 1we| w0o0| s
ane | @) 18| L0 | es2 o) 33| b3 s
arp || am s2| 1700 714 6| mo| 20| s
A2IE 290 1 290 i owwe| 707 ss{ 1ss| 158
Aane | toor | 8s2 | e | e 25| 3| 2sd
A216 e ] 160 s 0| 6o 22| np2| 62
A2t 514 si4 g8 | w0 668 6| 187 187| 8
A1) nst| o nst 22| 1700 | 637 | 2s| us] s
A21KH 865 865 sof 1,700 651 3 39| 39l s
A21L 23| 3 awe| 1aso| s | 22| 23| s
A2l 6336 | 6187 wse| g2 sr|  m | 2005
aa | 1| en 2| asoe | eos al| el izl s
A2B PR 28] 18007 599 o sa s7) s
A22C: SIS 518 : .6  L7se | il -lﬁi .s_.s 83
A22D siz | sa2 60| 1s00| 5w 15 79 79
A2ZE si3| s 1| sl s 6| p2| 12
anF | 60| 16 | oasea| e 16| 2261 276
AnG | ooase | 499 19) 00| 36 PEN IR TR IR TE A
pont | s 519 8| 10| ess | wa| wa| s
_A2.21' so2 ) 592 34 1,750 600 17 01| 101 s
A22 e | 6181 55| 1274 eio| 18y 123
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@)

Catch-

Gross

Net

Forest

" Irrig.

Net

Gross

530

* | sae | omap o} MAR | %% | Dams
ment Afea " Area ‘ Area Afea @my | (mm) (niin) MAR MAR
k) | kmY | &kmY) | k) | (mem) | (mem)
ana | e | e 150 | 1asel 6o 2| 8| 8| s
A2 814 814 1] 27| 1s00) 615 o 158 158
A23C 491 491 29| 1800 574 83 43 43
A2ID 145 145 1,750 706 us | 62| ves
A2IE a0 | 4s0 3| ne| basof e 2| 3| w3l s
A2F s65 | . s6s 7] 1300 so6 | 16,1 56 s6| §-
A23GH 952 | - 982 33| 158 s 17| w6i| 163] s
AT Lose | 1,088 32 1,750 600 1 1.9 119
A231 931 91 C29 | 1,750 585 9.3 9.1 9.1
A23K 1,131 l,lil '2.0. 1,750 606 13 14.8 g | s
A23L 329 | 329 27| 17% _'604 i3 42 © 42 3
A23 7,588 | 7,588 a| esol| 1762 611 19 W17
A24A 493 493 2is| s | s 14 71] $
A24B ges | 0 | 282 10| e 17 17 ur| s
A24C - 802 802 504 | 1,800 589 9.6 (N I A
ap | ms| e 1,850 600 2| as| s
avE | e8| ess 1800 | .59 t 7.9 79
A2F son| a6l 1,800 602 K B 74| 3
auG | 76 736 1,700 | 645 28) 06| 206 s
AT 1,339 | 1,088 126 | naso| e wl 0| ass| s
AU 6,686 | 6,209 | e | 1813 592 s | s |




(3/3)

Catch- | Gross | Wt Fo_res"e trie | aae | ossae | mar b N | G5 | pams
- ment Area’ | Area Ai.‘ea Area @m | wmy | wom MAR. | MAR
(km")‘ (km') (km?) (ken®) {mem) | (mem)

A61A R Ll ss | 10| e o) 2] w1l s
ASIB# 362 162 27| 00| 68 | 127] 2z
A6ICH 587 362 15 LM 608’ 2 9.2 126 | $
A6l 1330 | 108 Ha| o 60 37| 406
B20A - 574 74 ] weso| 6 w| 21| 217
13208 | 22 32 ] 10 f 667 | us| ns
B20C 364 364 27| 1700 675 | ne| wve| s
B20D 480 430 77| L,750 677 | 36 17.3 17.3
B20F 620 620 90| 1,65 67| 3| 20| 20]
B20F BER soq | sod 80| 1,700 | 667 3 16| 168
BNG | . 522 522 56| 1700 669 il 20| 20| s
BH | Sy} 563 10 sa| 1aso| el a2 a4l wal s
B201 107 | 7 407 17} 1s00 | 69 a| 1so| 180
B20 4356 | 4356 1| ose2| nes| o 670 8| 1669 |
B3lA | 387 387 7 48 1,75_6 677 35 136 1B6| 8
BUB | 38 388 57| 1800 640 %) el o9
B3IC m 313 o] 1soo | o7 Y 78 18
mp | - osss| s 1800 [ 599 0| ol mol s
BHE '13,3_3-2 1,04 i,::{oo 588 18| ss| 17| s
BIIF e8| s w0 | s | e | as] a2

| s316 433 433 1850 | 604 0| ss 8.6
i | e} én | 1900 | 57 istoea| 93
By | s | 459 135 1,900 2| 59 2 81| s
B3 :6;1.48. 4900 gl s fi.ss‘é -~ ss 2! 154
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Tableé5-3: - Major Dams in the Study Area

River

Long.

Quat  Name Lat. Capacity Purpose
{mcnt)

AZ!A' Ricn:lei Hea;mops 350 52 |28 16 | 1.2.2 Domes-lidRccrcation

Aili{ nm{beespoon Cm‘co"&iac 25° 43-?' 270 51 195.0 | Domestic/Ierigation

Al E Roodekopjes Cro;:d&ise_ 250 24 \275 s - 103.0 | Domestic/lirigation

A21K -} Buffelspoort - sterks&oc{m 250 46" "Iz7° :29' 10.3 lriigaﬁén

A22A.' Lind‘_].e;(spoort élénds | 25“_ 29[ 26° 41 144 | Irrigation

AZ2B 'Kost'.t-'r ' -Koster 250 47 | 265 sS4 12.27 Doniégti'qﬂfriga!ion

_A_zzt’;‘ Olifantsnck Hex 25° 47|21 a8 14.2 | Irigation

._A:i_»zi' Vaalkop Elands 25° 18 27 % 553 | DomestiefIrigation

A22) Bos’pbén Hex 25 33 7 ar 182 | Domestic

DA Roodeptaat Pienaars 25° 37 | 28° B 435 -Domes!icﬂr.rig'alkm

Aisg Bon Accord Apies 25° 37 |28 N 44 | trrigation

A23G | Warmbaths - new Bu.f'{el 24° 51" | 28 14 7.5 | Domestic

AZIK Nooi!’gc;dachi T;:»l\»'ane (Sand) | 25 31'. 2:8‘s _ .02'. 1.4 ] Recreation

Al23l,.. Klipvoor Pienaars 25 07 | 27° :' 48 43.8 | Irrigation

.A2.4F Bi'ers:pru.it Bie; 24° M4 | v 09 3.5.' :lrrigation_

AGIA ‘bonkerpoon 'Lfmeﬁyl' 24040 | 2800 1Y 34 | Domestic

i32bC. .Brbnkho_rstspruig _ Br.onkl;uorst : ..2_5" 53 72‘8" 43" 59.15 Domiestic

bz'ou— Premier Wilge 250 48 | 28° 52 50 | Domestic

B3ID | Rustde Winter | Elands T P 273 | Turigation

B3ID - }:mmdréai Elands 250 16 | 280 34 1.8 | Flood

B3ID Kromdraai Elands 25° 16 | 280 3Y 1.1-| Industrial

BIIF | Miombo Elands 250 06 |28 5% 2058 | Domestic

':rota!'cspamy: 8422
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Table 5-4 ; Livestock Ceiisis Results (March 1995)

Province Maglsterial Disteiet |~ Cattle Sheep ' | Goals | - pigs
Mpumalanga Moutse bl 14+ ter soe
¥ ik t2 X} ¥ d
Total ‘ . :
Gauteng Bronkhorsispruit s 36,510 1,960 3,110
- Culiinan . 20229 11,398 - 660 © 4,035
Wonderboom 15,464 10,765 1,686 33,495
Toal | 93424 sss13 | 4306 | 40700
Northem Province Warmbath 7413 18sd | 1299 5,614
: (approx. 20%%) . : .
- : 19,108 2,020 580 1,201
Watetberg ~
(approx. 10%%) _ ‘
| C Toual | i65i6 3,874 1,874 6,815
North West ‘Bafokeng - - 10,929 : _4‘36  7,931 164
Brits 28,340, 11,745 1,965 14,614
Koster 68320 | 28053 1,168 2,464
Mankwe 48,475 2,583 | 29,188 614
Morctele 40,329 3,460 10,653 469
0di 23,075 866 | - 7,304 621
Rustenburg 35,630 35,223 976 ‘8,893
Swarisriipgens 19,904 5927 " 1,345 7,054
Towl | 275,002 89293 | 60,530 134,893
Total 384,942 151,780 66,710 82,408
Equivalent Number of - 384,992 25,207 LS 6,867
Represéntative Large Stock :
Units _ _
Add LSU for Moutse 30,000 . . .
Grand Tota) LSU- 458,224 . . ]
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Table §-9 :  Summary of Water Usage in Ttrigation

Area Trrigated Water Used Water Resouces

Sub-Catchment (ha) (mcm/a) {mcin/a)
Gws | 1B | P | Tolal | GWS | ‘IB P | Total | Reser- | Run of
_ 7 ' voir - 1 river
Uppet Crocodite A21 20893| 9s8| 9058 30919| 136s| 69| sse| 2ors i366] 649
Elands River  A22 2q68| 1gis| 2710 esos| 1s0[ 60| 1s0| aso| 23] 67
Pienaars River A3 g4a5] o] si97| 3839 593 o] $20 122,5 24 39.9
Lower Crocodile *A24 3,840 | o2mse| ees9] 310 J o320 0] o0of 630
Sub-Total 1646 3.823) 19824 58203) 2380] 339 1570] 4318 2473] 1845
Olifants Trib,  B20, B3 A ss0| 740] 080 26| 72 98|~ 0.7 9.1
Sub-Total of 340 7s0f 1,080 ol 26| 72| e8] 07 9.1
Total 34616 4163] 20361| s59373| 2380| 365| 1612| 4an16| 2480 1936

Notes:

Tha irrigable area within the Study Area supplied indirectly is extluded froni the

éb_oye table.

GWS
B
P

- Govemment Water Schemes

trrigation Board Scherhes
Private Irrigation Schentes

Table 5-10: Forest Development and Estimated Water Use

':Sub-caictim@ent Area Water Used
(ha)‘ {mcm/a}

Uppét Crocodile - -

Efands River. - -
Pienaars River. 4,000 114
Lower Crécodile - -
Ofifants : 8,105 23
Upper and Lower Nyl . .

Totat 12,108 348
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Table 5-11;  Salierit Borehole Statistics -

Parameter / Status Number % of S % ofn

Botehole status alnuse 332 61 25
(n=atbtc=13396) b Notinuse 2,098 39 16
(S=atb= 31419} ¢ No Information 7917 59
Borchole equipihent a l-!éndpur_np ’ 1,156 44 9
(n=avbictd+e=13396) © b Windpomp - 267 10 2
(S~arbberd=2620) < Motorized 1141 44 9
' d No equipment 56 2 <1

. ¢ Nd information 10,776 79

Boreholé depth - a0to<30m 1,721 17 13
(n=atbictd = 13396) b230 (0 <60 m 4,071 - 40 3
(S =aibic = 10260} 60 m 4,468 43 33
' d No information 3,136 2
Borehole yield “a<0.1ls 1378 33 25
(n=atbrctd = 13396) 5%0.1 10 <2.0Vs 3,996 45 300
(5=atbic = 8936) ¢2.0Us 1,562 17 12
d No information or dry 4,460 L

Depth to wat& level a<lQm . 12,652 k} 20
(n=atbrcrdte=13396)  b’10t0<W0m 3,092 36 23
(S=atbictd=8503)  ©%2010<30m 1,531 18 I
d”30m 1228 15 9

‘e No information of dry 4,893 37

Quality restrictions on potability aNitrate {N>10mgN) g2 4 -8
(n=14875) b Fluoride (F >1.5 mg/)) 107 49 g
(S =atbic=836) ¢ Nitate and Flooride 47 s I

N
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Table 5-12:  Harvest Yield of Grdundiva‘tcr

Zone Area of Each Level of Harvest Yield Potential (km’) Harvest
8,000 . 12,500 20,000 37,560 - 50,000 Total Area | Potential

(0¥ km¥a) | (m'kmie) | (mkm¥a) | (m/km/a) | (m'fkm’/a) (km?) {mem)
Eastern C1,300 1,000 “3327 1,801 0 7,430 157
Ceritral ‘307 1,932 4730 739 27 2,137 10
Westem 1,812 8,795 "§,527 697 0 12,832 131
Total 3,420 28 9,585 3,238 21 | 28,000 488
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