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1 introduction

Since the middle nineteen eighties a suite of water resource simulation models were developed and applied to undertake development and operations planning of various water resource systems in Southern Africa - including the Vaal River and Orange River systems.  Over the years the models and analytical techniques were instrumental in producing information that have been used by water resource managers in making optimal decisions on the development of large capital projects and maximising the benefits through system operations analyses. 
The scientific foundation of the analysis techniques that are embedded in the models has been evaluated and tested in various water resource studies that were subjected to external reviewers. Several technical papers were also produced on the work of these studies for local and international symposia and technical publications.
The water resource network configuration, hydrological data and infrastructure characteristic of the Vaal and Orange River System were refined and updated over the years through continuous application of the models in water resource studies. The current model’s dataset serves as a knowledge base of the most-up-to-date information on the existing systems and planned developments which allow the analysis (evaluation) of scenarios and options without having to configure a model from scratch. 
Section 2 of this document gives a concise description of the main features of the models and Section 3 provides appropriate references to papers and reports that the reader can consult to obtain detail information on the models and the verification thereof. Finally, Section 4 provides an overview of the application of the models in the Vaal River and Orange River systems by referring to selected past studies which serve as a demonstration of the consistent application of the models as a multi purpose water resource decision support system.
2 description of the MODELLING system
The techniques and methods applied in establishing the water resource models consists of a suit of analytical tools including hydrological data preparation software, rainfall runoff simulation models, water quality modules, stochastic hydrological time series generation procedures, long term yield analysis and, the main decision support system, the Water Resource Planning Model (WRPM). 
The WRPM consists of four main procedures (modules) that are integrated in a single modelling system for simulating the interdependencies and compare the outcomes of alternative scenarios: 
· The main simulation engine of the model is a network solver which defines the water resource system as a network of reservoirs, rivers, conveyance infrastructure and water abstractions.  The network simulation engine implements the required operating rules by means of data entries as dictated by the definition of the intended scenario to be analysed.
· The water availability risk is simulated by means of a rigorous stochastic streamflow generation model that accounts for the statistical characteristics of the rainfall and runoff in multi catchments by maintaining the serial and cross correlation as it was observed historically.

· Apply a drought curtailment algorithm that deals with multi risk criteria water uses in the same system ranging from irrigation that can tolerate lower assurances of supply as well as strategic water users for energy production which require supply at a 99.5% reliability.
· Water quality (Total Dissolved Solids – TDS) is simulated in the Vaal River System and this feature provide the ability to evaluate management options such as dilution, blending and desalination of mine water effluent.
· Integration of various interdependent water resource management aspects including:

· Inter-basin transfer rules for major conveyances such as the Vaal River Eastern Sub-system Augmentation Project (VRESAP), Thukela-Vaal and transfer from the LHWP, transfers from the Caledon and Orange rivers in support of users in the Riet/Modder catchment (Bloemfontein), transfers to the Eastern Cape are all incorporated in the simulation analyses.
· Increasing water requirements and return flows of multiple water users spread throughout the system.

· Hydro-power requirements and related operating rules in the Orange River System at Gariep and Vanderkloof Dams by taking into account the requirements of other users and the environment along the Orange River down to Alexanderbay at the River mouth. 

· Commissioning characteristics of new infrastructure such as the filling of Polihali Dam are taken into consideration and the respective effects on the subsequent risk of water supply from the Vaal River System.

3 verification of analysis TECHNIQUEs and modelling system
The verification of the analysis techniques and the modelling system is demonstrated by presenting a list of references, each with a brief description of the aspect covered. 

· Pegram (1983): Providing an overview of the stochastic hydrology methodology that was developed for the South African Department of Water Affairs and Forestry.

· DWAF (1986): Report presenting the details of the multi-site stochastic model as it was developed and applied to the Vaal River System.

· McKenzie and Allan (1990): Illustrates the application of the risk based analysis methods through application examples in the Vaal River System.
· Pegram and McKenzie (1991): Paper describing the “Synthetic streamflow generation in the Vaal River System Study”.

· O'Connel et al. (1991): Paper on “Multisite synthetic streamflow modelling in a semi-arid region” which is based on the application of the stochastic model in Southern Africa.
· Van Niekerk and Basson (1993):  Paper describing the application of probabilistic based management as applied in the Vaal River System Analysis Study. 

· DWAF (1999): Main Report of the Orange River Development Project Replanning Study which was reviewed by the following panel of specialists:
	Reviewers
	Field of Expertise

	Prof D Loucks
	Cornell University
	Chairman of US Army Corps of Engineers Environmental Advisory Board

	Dr H van Vliet
	Institute for Water Quality Studies
	Water Quality

	Prof L Schlemmer
	Consultant
	Sociologist

	Prof C M Breen
	University of Natal
	Sociologist

	Prof L Loots
	University of Western Cape
	Economist

	Dr D Mullins
	Consultant
	Economist

	Dr H S Hofmeyer
	Consultant
	Agricultural

	Prof N Wolstenholme
	University of Natal
	Agricultural/Irrigation

	Dr D van Niekerk
	DBSA
	Agricultural/Irrigation

	Mr T P C van Robbroeck
	Consultant
	Water Resources Engineer

	Mr C A Carter
	Consultant
	Water Resources Engineer


· Basson et al. (1994): Book on “Probabilistic Management of Water Resources and Hydropower Systems” which is a comprehensive description of the analysis techniques, methods, description of the mathematical formulation of the stochastic model and provides examples based on the Vaal River System.  
· DWAF (2008a): Procedural Manual for the Water Resources Simulation Model (WRSM) describing the model data requirements and serve as a user manual for the Water Resource Planning Model.
4 APPlication history of the model in the Vaal and Orange River System

The Integrated Vaal River System Water Resource Planning Model (IVRS WRPM) has been in use since the year 1989 for the provision of water resource decision support information to assist in the development and operational planning by the South African Department of Water Affairs.  Similar to the IVRS WRPM, a model was configured for the Orange River System in 1993 as part of the Orange River System Analysis Study (DWAF, 1993a) and (DWAF, 1993b). 
Over the past two decades both models were refined and updated to represent the physical water resource system as realistically as possible by adding additional infrastructure components and updating the hydrological database. In 2004 the Orange River System model and the IVRS was combined into one large integrated system referred to as the Integrated Orange/Vaal River System (IOVRS) Model (Permanent Water Commission, 2004). This Integrated Orange/Vaal system is currently being used to carry out the annual operating analysis of both the IVRS and the Orange River System. 
The recently published, Water for Growth and Development Framework (WfGDF), (DWA, 2009) which provides DWA’s direction for water resource management in South Africa were based on comprehensive investigations of all major water resource systems the South Africa. The water availability and assurance of supply information applied in these investigations were determined by the simulation models. 
The hydrology for the IOVRS is in the process of being extend as part of a project by Orange-Senqu River Commission (ORASECOM) with the title “Support to Phase 2 of the ORASECOM Basin-wide Integrated Water Resources Management Plan” funded by GTZ.
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