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Summary

The availability of adequate information is one of the basic requirements of sound water
resources development. Simple water resource development options that required less
detailed studies have already been developed, such that development proposals today require
more detailed and comprehensive studies. Among other factors, these studies generate
information on the hydrological risk of implementing water resources projects. The
modelling tools used to generate water resources information are usually complicated by the
many variables involved, which are inter-linked and usually unpredictable. The National
Water Act (Republic of South Africa, 1998) emphasises the need for integrated water
resources management, social equity, and ecological sustainability, which have added new
dimensions to water resources planning. Water catchment simulation models that account
for all the dimensions of water resources planning and bring more information than ever

before to the decision-maker have become the preferred tools.
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Whilst earlier water resources planning tools are still in common use, this study found that
these earlier tools lagged behind developments in important aspects such as national
legislation, water stakeholders’” working environment, and rapid changes in computer
software and hardware. The appropriateness of water resources modelling tools in South
Africa was investigated in the light of a changing water environment as well as the need to
address specific factors that are unique to South Africa. The water resources factors
investigated included hydro-climatic, water institutional frameworks and stakeholder needs,
available expertise and technological aspects of the available water management and
planning tools. On the basis of the outcome of the investigation of South Africa’s unique
water environment, recommendations and guidance were developed with the aim of

developing a preferred local water resources modelling approach.

This study investigated and recommended the use of water resources system models which
are based on up to date modelling and Information Technology (IT) developments, such as
HYDROZ25, for multi-criteria planning of integrated water resources. In this study, the
development of object oriented programming (OOP) models with visual interfaces that fit in
the popular Windows operating environment was distinguished as a key aspect of water
resources modelling. This modelling route was selected because it generates tools that are
more user-friendly, have visual clues that relate closely with the physical system, including
easy GIS integration, can handle the higher computer memory volume demands of longer
time series data, and could handle a greater number of parameters as well as the increasingly
more complex management scenarios. In the OOP approach, modelling tools are easily
integrated with the input processing and output analysis objects that are developed
separately before integration into the main model framework. All the separate software
objects can easily be utilised in other models when the need arises. The HYDRO25 model
uses modular objects and a visual-based programming language that easily accommodates
integration with other software objects based on the component object model system. This

has made further upgrading and redevelopment of the model easy to handle.

In this study, the HYDRO25 model was developed and used in the Doring River catchment

as a case study which was aimed at providing first-hand information about model
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development and application in South Africa. In the HYDRO25 model, computer code was
used systematically to handle the catchment hydrology, geographical information, climatic
factors, water use, catchment development proposals, the requirement of water legislation,

and other factors to provide information that is useful for decision-making.

In the Doring River case study, proposed irrigation developments in the Koue Bokkeveld
and Aspoort area of the Western Cape were assessed using the HYDRO25 model to
determine the most viable development options from a hydrological perspective. The study
showed that the full irrigation potential of the catchment cannot be utilised with the
available surface water resources in the catchment. The model simulation results showed
that a maximum of 700 hectares can be irrigated in the Koue Bokkeveld area without
creating additional water storage. Analysis of the Aspoort irrigation scheme showed that the
irrigation area should be limited to 1000 hectares, with the proposed 178 million m® Aspoort
Dam being developed to support irrigation water demand and, to a small extent, to

contribute to other water uses in the catchment, such as ecological flows and domestic uses.
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Opsomming

Die beskikbaarheid van voldoende inligting is een van die basiese vereistes vir doeltreffende
waterbronontwikkeling. Eenvoudige alternatiewe vir die ontwikkeling van waterbronne,
waar minder uitvoerige ondersoeke benodig word, is reeds ontwikkel, en wel tot so ‘n mate,
dat ontwikkelingsvoorstelle deesdae meer indringende en omvattende navorsing vereis.
Hierdie ondersoeke genereer onder meer inligting oor die hidrologiese risiko wat gepaard
gaan met die implementering van waterbronprojekte. Die modelleringshulpmiddels wat
gebruik word om inligting oor waterbronne te verkry word gewoonlik gekompliseer deur
die betrokkenheid van talle veranderlikes wat met mekaar verband hou en gewoonlik
onvoorspelbaar is. Die onlangse Waterwet (Republiek van Suid-Afrika, 1998) beklemtoon
die behoefte aan geintegreerde waterbronbestuur, billikheid en ekologiese volhoubaarheid -
aspekte wat nuwe dimensies verleen het aan waterbronbeplanning. Simulasiemodelle vir
wateropvanggebiede wat al die verskillende dimensies van waterbronbeplanning in ag neem
en wat meer inligting as ooit tevore tot die beskikking van besluitnemers stel, het die

hulpmiddels geword wat voorkeur geniet.

Hoewel vroeére hulpmiddels vir waterbronbeplanning nog steeds algemeen gebruik word,
het die studie getoon dat hierdie ouer hulpmiddels agter geraak het wat betref die
ontwikkeling op gebiede soos nasionale wetgewing, waterbelanghebbendes se
werksomgewing asook die snelle verandering in rekenaarsagteware en hardeware. Die
geskiktheid van modelleringshulpmiddels vir waterbronne in Suid-Afrika is ondersoek in
die lig van ‘n veranderende wateromgewing asook die behoefte om verskeie faktore wat
uniek aan Suid-Afrika is, aan te spreek. Die waterbronfaktore wat ondersoek is, sluit onder
andere in hidro-klimatologiese, waterinstitusionele raamwerke en die behoeftes van
belanghebbendes, beskikbare kundigheid en die tegnologiese aspekte van die beskikbare
waterbestuur- en beplanningshulpmiddels. Op grond van die uitslae van die ondersoek na
Suid-Afrika se unieke wateromgewing, is aanbevelings en riglyne ontwikkel met die doel

om “n voorkeurscenario vir plaaslike waterbronmodellering daar te stel.

Vi
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Hierdie studie ondersoek en beveel die gebruik aan van modelle vir waterbronstelsels wat
gegrond is op die jongste modellering- en IT ontwikkelings, soos HYDRO25 vir die multi-
kriteriabeplanning van geintegreerde waterbronne. In hierdie studie word die ontwikkeling
van objekgeoriénteerde programmeringsmodelle met visuele koppelvlakke wat by die
gewilde Windows bedryfsomgewing inskakel, onderskei as ‘n kernaspek van
waterbronmodellering. Hierdie modelleringsaanslag is geidentifiseer om hulpmiddels daar te
stel wat meer gebruikersvriendelik is, wat visuele leidrade verskaf na aan die werklike
stelsel, insluitende GIS integrasie, wat die groter vereiste vir rekenaargeheuevolume van
langer tydreekse se data kan hanteer en wat “n groter aantal parameters kan behartig, asook
die toenemend meer ingewikkelde scenarios. Met die benadering van objekgeoriénteerde
programmeringsmodelle word die modeleringshulpmiddels maklik geintegreer met die
sagteware vir die insetteprosessering en die uitsetanalise wat as afsonderlike objekte
ontwikkel word alvorens hulle saam met die hoofmodelraamwerk geintegreer word. Die
HYDRO25 model maak gebruik van modulére objekte en “n visueel-gebaseerde
programmeringstaal wat die integrasie met ander sagtewareobjekte, gebaseer op die
komponent-objekmodelsisteem, maklik kan behartig. Dit het die verdere opgradering en
herontwikkeling van die model makliker gemaak.

In hierdie studie is die HYDRO25 model ontwikkel en in die Doringrivieropvanggebied as
ontledingstegniek gebruik. Dit was daarop gemik om eerstehandse inligting oor
modelontwikkeling en die toepassing daarvan in Suid-Afrika te verskaf. In die HYDRO25
model is rekenaarkode gebruik om waterbronveranderlikes in ‘n opvanggebied sistematies
te hanteer, insluitende die hidrologie, geografiese inligting, klimaatsfaktore, watergebruik,
ontwikkelingsvoorstelle vir die opvanggebied en waterwetgewing ten einde inligting
beskikbaar te stel wat nuttig is vir besluitneming.

In die Doringriviergevallestudie is die voorgestelde besproeiingsontwikkeling in die Koue
Bokkeveld en die Aspoortgebied van die Weskaap beoordeel met behulp van die HYDRO25
model ten einde die mees lewensvatbare ontwikkelingsopsies vanuit ‘n hidrologiese
perspektief te bepaal. Die studie het getoon dat die volle besproeiingspotensiaal van die

opvanggebied nie verwesenlik sal kan word met die beskikbare oppervlaktewaterbronne
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binne die opvanggebied nie. Die resultate van die modelsimulasies het aangetoon dat ‘n
maksimum van 700 hektaar in die Koue Bokkeveldgebied besproei sal kan word sonder die
daarstelling van bykomende wateropgaarfasiliteite. ‘n Ontleding van die
Aspoortbesproeiingskema het aangetoon dat die besproeiingsgebied tot 1 000 hektaar
beperk moet word, terwyl die voorgestelde 178 miljoen m® Aspoortdam ontwikkel word om
in die vraag na besproeiingswater te voorsien, en, in ‘n mindere mate, om ‘n bydrae te lewer
tot ander watergebruike in die opvanggebied, soos ekologiese vloeie en huishoudelike

gebruik.
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