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1 INTRODUCTION

1.1 General Context

The Orange - Senqu River originates in the highlands of Lesotho some 3 300m above mean
sea level, and it runs for over 2300km to its mouth on the Atlantic Ocean. The river system is
one of the largest river basins in southern Africa with a total catchment area of more than
850,000km? and includes the whole of Lesotho as well as portions of Botswana, Namibia and
South Africa. The natural mean annual runoff at the mouth is estimated to be in the order of
11 500 million m°, but this
has been significantly
reduced by extensive

BOTSWANA

water utilization for
domestic, industrial and
agricultural purposes to
such an extent that the
current flow reaching the
river mouth is now in the
order of half the natural
flow. The basin is shown
in Figure 1-1. The
Orange-Senqu system is
regulated by more than
thirty one major dams and
is a highly complex and
integrated water resource

CAPE TOWN

systems with numerous
large inter and intra basin

transfers.

Figure 1-1: Orange — Senqu River Basin
1.2 Management and Environmental Context
1.2.1 General

Management issues, including environmental protection, conservation and sustainable
development have to deal with problems relating to, both, water quantity and quality,
potential conflicts between users, pollution sources from industry, mining, agriculture,
watershed management practices and the need to protect ecologically fragile areas. The
riparian countries have for some time recognized that a basin-wide integrated approach has
to be applied in order to find sustainable solutions to these problems and that this approach
must be anchored through strong political will. The development of this strong political will is
one of the key initiatives of SADC, in particular the Revised Protocol on Shared
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Watercourses and the establishment of the Orange-Senqu River Basin Commission
(ORASECOM). These initiatives are intended to facilitate the implementation of the
complicated principles of equitable and beneficial uses of a shared watercourse system. It is
accepted by all countries that the management of water resources should be carried out on a
basin-wide scale with the full participation of all affected parties within the river basin.

Water supply in terms both of quantity and quality for basic human needs is being
outstripped by the demands within and outside of the basin. Meeting the water supply needs
of rapidly growing towns and cities at the same time having sufficient water of an acceptable
quality to meet existing and proposed irrigation and other demands (including environmental)
further downstream is a challenge for planners and decision makers and stakeholders in the
Orange-Senqui river basin.

1.22 ORASECOM

Southern Africa has fifteen trans-boundary watercourse systems including the Orange—
Senqu system. The Southern African Development Community (SADC) has adopted the
principle of basin—wide management of the water resources for sustainable and integrated
water resources development. In this regard, the region recognizes the United Nations
Convention on the Law of Non-navigational Uses of International Watercourses, and has
adopted the “Revised Protocol on Shared Watercourse Systems in the SADC Region”.
Under this Revised Protocol, a further positive step has been the initiatives towards the
establishment of river basin commissions in order to enhance the objectives of integrated
water resources development and management in the region, while also strengthening the
bilateral and multilateral arrangements that have been in existence for some time. The
Orange—Senqu River Basin Commission (ORASECOM) which was established on 3
November, 2000 in Windhoek, Namibia. is a legal entity in its own right.

The highest body of the ORASECOM is the Council consisting of three permanent members,
including one leader, for each delegation from the four riparian states. Support from advisors
and ad hoc working groups can be established by the council. The main task of the Council
is to “serve as technical advisor to the Parties on matters relating to the development,
utilization and conservation of the water resources in the River System”, but the council can
also perform such other functions pertaining to the development and utilization of water
resources as the partiers may agree.

1.3 Context of the Study and this Working Paper
1.3.1 GIZ Support to SADC and ORASECOM

The overall goal of the GlZ-supported ‘Transboundary Water Management in SADC’
programme is to strengthen the human, institutional, and organisational capacities for
sustainable management of shared water resources in accordance with SADC’s Regional
Strategic Action Plan (RSAP). The programme, which GIZ implements on behalf of the
German Federal Ministry for Economic Cooperation and Development (BMZ), and in
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delegated cooperation with the UK Department for International Development (DFID) and the
Australian Agency for International Development (AusAlD), consists of the following
components:

e Capacity development of the SADC Water Division
e Capacity development of the river basin organisations (RBO) and
e Capacity development of local water governance and transboundary infrastructure.

The activities of this Consultancy, “Support to Phase Il of the ORASECOM Basin-wide
Integrated Water Resources Management Plan”, being undertaken by WRP (Pty) Ltd and
Associates, contributes to Component 2 above. The work of Phase 2 comprises six work
packages as briefly outlined in Section 1.3.2.2 below

1.3.2  Support to Phase 2 of the ORASECOM Basin-wide Integrated Water Resources
Management Plan

1.3.2.1 Objectives of the Overall Consultancy

The main objectives of this consultancy are to enlarge and improve the existing models for
the Orange-Senqu Basin, so that they incorporate all of the essential components in the four
Basin States and are accepted by each Basin State. These models must be capable of being
used to meet the current and likely future information needs of ORASECOM. These needs
will likely encompass additional options to achieve water security in each Basin State —
including changing configurations for water supply and storage infrastructure - and ensure
that ORASECOM is able to demonstrate that its operations are aligned with the principles
embodied in the SADC Water Protocol.

1.3.2.2 The Six Work Packages

In order to contribute to the realisation of the above-mentioned objectives, the project
includes six work packages as outlined in Table 1-1. The first of these work packages is
central to Phase 2 of the IWRM Plan and will also be at the core of the final plan to be
developed in Phase 3. In work package 1 the WRYM water resources simulation model is
being updated and expanded to cover the entire basin.

Capacity Building and Process of Continuous Review 3 Feb 2011
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Table 1-1 Summary of Work Package Objectives and Main Activities

Work Package

Main Objectives

Main Activities

WP 1:
Development of
Integrated Orange-
Senqu River Basin
Model

To enlarge and improve existing
models so that they incorporate
all essential components in all
four States and are accepted by
each State

Extension and expansion of existing models

Capacity building for experts and decision-
makers

Review of water balance and yields

Design/initiation  of  continuous
process

review

WP 2: Updating
and Extension of
Orange-Senqu
Hydrology

Updating of hydrological data,
hands-on capacity building in
each basin state for generation
of reliable hydrological data
including the evaluation of
national databases,

Assessment of Required Improvements to
the Existing Gauging Networks.

Capacity Development

Extension of Naturalized Flow Data

Review of Existing Data Acquisition Systems,
proposals on basin-wide data acquisition and
display system.

WP 3: Preparation
and development
of integrated water
resources quality
management plan

Build on Phase 1 initial
assessment to propose water
quality management plan, based
on monitoring of agreed water
quality variables at selected key
points

Establishment of protocols, institutional
requirements for a water quality monitoring
programme, data  management and
reporting.

Development of specifications for a water
quality model that interfaces with the
systems models.

Capacity building to operate the water quality
monitoring system and implement the water
quality management plan.

WP 4: Assessment
of global climate
change

Several objectives leading to
assessment of adaptation needs

Identification of all possible sources of
reliable climate data and Global Climate
Model downscaling for the Orange-Senqu
Basin

Scenario assessment of impacts on soil
erosion, evapotranspiration, soil erosion, and
livelihoods

Identification of water management
adaptation requirements with respect to
observed and/or expected impacts on water
resources

Assessment of major vulnerabilities and
identification of measures for enhancing
adaptive capacities

WP 5: Assessment
of Environmental
Requirements

Several objectives leading to
management and monitoring
system responsive to
environmental flow allocations

A scoping level assessment of ecological
and socio-cultural condition and importance
Delineation into Management Resource
Units and selection of EFR sites.

One biophysical survey to collate the
relevant data at each EFR site and two
measurements at low and high flows for
calibration.

Assessment of the Present Ecological State
and other scenarios

Assessment of flow requirements, Goods
and Services, and monitoring aspects.

WP 6: Water
Demand
management in
irrigation sector

To arrive at recommendations on
best management practices in
irrigation sector and enhanced
productive use of water

Establish a standard methodology for
collecting data on irrigation water applied to
crops, water use by crops and crop yields;
Document best management practices for
irrigation in  the basin and finalise
representative, best-practice demonstration
sites through stakeholder consultation
Consider and assess various instruments
that support water conservation/water
demand management.
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The other work packages are both self-standing and intended to provide inputs to an
improved and more complete water resources simulation model for the whole basin. The
model will be enhanced by a more complete hydrology (WP2), better and more complete
water quality information (WP3), allowance for climate change impacts and adaptation
(WP4), inclusion of environmental flow requirements at key points (WP5) and modelling of
scenarios with improved water demand management in the key irrigation sector (WP6).

1.3.3 Background to Work Package 1 and this Working Paper

1.3.3.1 Work Package Objectives

The main objectives for this Work Package are to enlarge and improve the existing models to
cover the total Orange River Basin and to capacitate representatives of each of the basin
states to set up and use the models effectively.

1.3.3.2 Work Package Activities

e Assessment of the strengths and weaknesses of the existing models
e Extension and expansion of the existing models

e Provision of a clear assessment of any anticipated changes in the yield of each
catchment, in a probabilistic manner

e Review the water balance for the Basin, (recording both the demand and supply
components);

e Design and initiation of a suitable technical process for a continuous review (at least
annually) of the water balance to identify and pre-empt potential future problems;

e Assist representatives from each of the four Basin States to set up the models in
each country and ensure that ORASECOM staff in each basin state are able to use
the models effectively

1.3.3.3 This Working Paper

This working paper provides feedback on the capacity building process and the setting up of
the models in each of the countries. It also outlines the proposed continuous review process.
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2 CAPACITY BUILDING PROVIDED

2.1 Introduction

At the time of the Inception Phase it was proposed to capacitate the basin state
representatives/experts who would be responsible for the running of the WRYM and WRPM
water resources models. The courses were to be presented at a hands-on technical level
and the participants would be the people who are actually going to operate the models.
Allowance was made to train two representatives from each country

During the course of the project, however, it became clear that it was critically important to
ORASECOM that senior-decision makers also be exposed to the models and capacitated.
They should be able to understand the principles of how the models work, what input
information they need. In addition the training should highlight what results can be generated
and how they can can be interpreted and used for both strategic planning and operational
planning.

WRP offered to develop and present a customized decision-makers course over two days, in
addition to the original week-long expert-level courses. Unfortunately many of the decision-
makers were unable to attend the two-day decision-maker course with the result that an
additional compressed one-day version was also presented which was well attended.

Expert level training took place in WRP’s offices for participants from Lesotho, Botswana and
South Africa. Due to the fact that no delegates from Namibia were able to attend the initial
week-long course held in South Africa, an additional week-long course was also presented to
Namiibian participants in Windhoek.

2.2 Expert Level Capacity Building
2.2.1 Introduction
Two courses were presented:

e Pretoria, 22 — 26 November 2010 attended by Botswana, Lesotho, South Africa and
ORASECOM
e Windhoek, 14 — 17 February 2011 attended by Namibia and ORASECOM

Details of those who attended the courses are provided in the attendance register which is
included in Appendix A1.

2.2.2 Course Contents
The following modules were presented:

e Module 1: The Integrated Orange-Vaal River System
e Module 2: Introduction to Water resources Modeling
e Module 3: Stochastic Streamflow and Yield

e Module 4: Defining a System Network

Capacity Building and Process of Continuous Review 6 Feb 2011
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¢ Module 5: Defining System Operating Rules

e Module 6: Introduction to the Water Resources Integrated Management System
(WRIMS)

e Module 7: Creating a new System Network

e Module 8: Application of the WRIMS
o Case Study 1: Caledon-Modder System
o Case Study 2: Polihali Dam
o Case Study 3: Neckertal Dam

All modules included hands-on practical training sessions. In total, the course included 10
practical exercises covering the following areas:

e Using a basic reservoir model

¢ Interpreting yield-reliability curves

¢ Interpreting penalties

e Defining the system network

e Determining historical firm yield

e Determining system operating rules
e Evaluating development options

e Generating yield reliability curve

e Polihali Dam

e Neckertal Dam

The course programme is included in Appendix A1. The course presentations in “handout”
format are provided in Appendix A2.

2.2.3 Manuals

Detailed manuals in electronic form (CD) were prepared prior to the training courses and
provided to each of the participants. These manuals are also included on the work package
CD and from the project website under Work Package 1.

224 Feedback from Participants

Feedback from the participants was very positive with the usefulness of the courses rated as
either 4 or 5 out of 5 by all participants. The feedback forms are included in Appendix A1.

Comments and suggestions included the following:

e Course should be longer to include more practical examples

e More of these course will be very useful to include more water managers and
decision-makers

e The software is a little complicated and further training would be useful

The need to carry out this type of capacity-building on a regular basis was strongly
expressed. Clearly this is essential if each of the basin states is to maintain capacity and

Capacity Building and Process of Continuous Review v Feb 2011
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ORASECOM should continue to play a leading role in ensuring that these capacity building
courses continue at least annually.

2.3 Decision-maker Level Capacity Building
2.3.1 Introduction

Two courses were presented:
e Pretoria, 29 — 30 November 2010 attended by Botswana, Lesotho, South Africa and
ORASECOM
e Pretoria, 25 January attended by Botswana, Lesotho, South Africa and ORASECOM
Namibia was unfortunately not able to send participants to either of the decision-maker

courses. Details of those who attended the courses are provided in the attendance register
which is included in Appendix B1.

2.3.2 Course Contents
The following modules were presented:

e Module 1: The Integrated Orange-Vaal River System

e Module 2: Overview of Water Resource Management
e Module 3: Water Resource Assessment

e Module 4: Water Resource Allocations

e Module 5: Management of Water Resources Systems
e Module 6: Intervention Planning

All modules included group discussion sessions.

The course programme is included in Appendix B1. The course presentations in “handout”
format are provided in Appendix B2.

2.3.3 Feedback from Participants

Feedback from the participants was very positive with the usefulness of the courses rated as
either 4 or 5 out of 5 by all participants. The feedback forms are included in Appendix A1.

Comments and suggestions from the two day course included the following:

e More such courses should be arranged in the future

e A high level course should be offered to Permanent Secretaries/Director Generals
who are closer to Ministers who ultimately make decisions

e More of these training courses including more senior decision-makers would be good

e More time could be spent on economic (socio-economic) considerations

From the one day course, comments and suggestions included the following:

Capacity Building and Process of Continuous Review 8 Feb 2011
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Interesting but more time needed

Overall, very good workshop, may need to programme more frequent training at this
level

Excellent course
Too much information in a short time, 1.5 days would be better

The model is highly needed, essential for proper management of Orange-Senqu
River basin. It must be endorsed by the four member states as a universal tool for
decision-making

This made the task of designing institutional and governance arrangements easier

The need to carry out this type of capacity-building on a regular basis was expressed as well
as the need to bring in even more senior decision-makers

Clearly this is essential if each of the basin states is to maintain capacity and ORASECOM
should continue to play a leading role in ensuring that these capacity building courses

continue at least annually.
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3 SETTING UP OF THE MODELS IN EACH COUNTRY
3.1 Expert Level Capacity Building purposes

The training courses on the Water Resource models included hands-on technical level
components. For this purpose it is required to use one or the other water supply system to be
defined in the models and analysed as part of the capacity building programme. The Orange
River System was selected for this purpose, as all the basin states are familiar with this
subsystem or at least with some parts of the sub-system. This sub-system is also part of the
final complete Orange-Senqu-Vaal Integrated system model to be delivered to each basin
state as a final product from this study.

The most up-to-date data sets for the Orange River sub-system were therefore installed as
part of the WRIMS on several PC’s or laptop’s as required by the different basin states. The
software installed as part of the capacity building courses included:

o The latest IMS version of the WRYM

e The WRYM data sets for the whole Orange River System (This includes the Senqui,
Upper Orange, complete Riet-Modder, the Lower Orange as well as the Fish in
Namibia) The total demand that need to be supplied to the Eastern Cape is imposed
on the Orange system as one of the major demand centres. The Eastern Cape sub-
system is, however, not modelled in detail as part of this setup. This was the latest
WRYM data set updated as part of this study. It was not the final product from this
study at the time as some changes still need to be included.

e Only the practical on the Caledon-Modder sub-system included the IMS Visio lay-out
at the time.

The Procedure Manual for the Water Resource Models was provided in electronic format to
all the attendees at the two courses.

3.2 Final extended and improved WRYM and WRPM data sets

The final water resource models will be installed on MPU’s, one per basin state. The
software will include:

e The latest IMS version of the WRYM
e The WRYM data sets for the Orange/Senqu/Vaal integrated system will include two
main sub-systems:
o The Vaal River System comprising the whole Vaal Basin but also including the
Tugela transfer.

o The Orange-Senqu System similar to the one installed as part of the training,
covering the rest of the Orange-Senqu basin not included in the Vaal River
system.

e The complete set of updated natural flow data (hydrology data) for the entire Orange-
Senqu basin.

Capacity Building and Process of Continuous Review 10 Feb 2011
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e The final WRYM data sets for both the Vaal and the Orange will include the IMS Visio
lay-outs

e The WRPM setup for the complete Orange-Senqu basin will be an integrated system
including the total combined Integrated Vaal with the Orange-Senqu system. This
means that all the existing sub-systems used to support the Vaal will also be part of
this system.

e The latest WRPM Fortran executable as the IMS version of the WRPM is not yet fully
operational. This development (inclusion of WRPM in IMS) is being carried out under
a separate DWA (RSA) project and is currently in the testing phase of the WRPM
IMS, which might only be completed towards the end of 2011.

e For the WRPM data sets the appropriate schematics will be provided in hard copy
and in electronic format

The final hydrology and WRYM data sets will, on request, be imported into the already
installed WRIMS available on the basin state’s PC’s and Laptops used during the capacity
building courses.

The Procedure Manual for the Water Resource Models will be provided in hard copy and in
electronic format to each of the basin states.

3.3 Future updates

The data sets for the WRYM and in particular for the WRPM are continuously improved and
updated over time. The WRPM data sets are used on an annual basis for operating analysis
carried out for the Integrated Vaal, the Orange River Project (Gariep & Vanderkloof), and the
BloemWater sub-system. The most important demands, return flows and infrastructure
changes for these sub-systems within the overall Orange-Senqu-Vaal integrated system is
therefore updated on an annual basis.

Updates will most probably in future also be made to these models by all the basin states. It
will therefore be of utmost importance that all these updates be shared by the basin states
and that a fully updated master set be available to all basin states. This most up to date and
complete WRYM and WRPM sets for the Orange-Senqu basin should be available from a
central office, which is accessible to all basin states. It is proposed that ORASECOM
should be the custodian of the Orange-Senqu Basin models to allow easy access and
control over basin wide updates to the models.

Development on the IMS (WRYM and WRPM) is an ongoing process which is carried out by
DWA RSA. Updates of the WRIMS (model without data files) can be obtained free of charge
from DWA RSA and should form part of the annual update of the Orange-Senqu basin
Models.
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4 PROCESS OF CONTINUOUS REVIEW

4.1 Introduction

The WRYM and WRPM models (WRIMS) have been used by the Department of Water
Affairs in South Africa for many years now for modelling of the Orange-Senqu and other
systems in South Africa. During Phase 2 of the project, experts and decision-makers in the
other three basin states were trained on the use of these models in order that they would be
more able to discuss basin-wide water resources planning and management issues on an
equal footing. This is just the first step towards a process of continuous review jointly
involving all four basin states.

If the momentum gained during Phase 2 is maintained, it is essential that a regular review
process be put in place and that ORASECOM Secretariat plays a leading role in the
coordination of this review, as well as participating in it at the expert level.

During steering committee meetings this issue has been discussed and there is general
agreement that the review process is an annual one.

It is proposed that the review includes three components

e Capacity review and needs assessment

e Verification and reviews of updates

e Joint review of water resources in the basin
4.2 Capacity Review and Needs Assessment

As already indicated, the courses presented during phase 2 were only a start. There may be
a need to present more advanced training course as well as to repeat the introductory
courses for new experts and decision-makers. Every effort should be made to ensure that an
acceptable level of capacity is maintained on a continuous basis. For this reason it is
proposed that each country submits its training needs to the secretariat early in the year so
that training courses can be arranged for immediately prior to the basin water resources
review process proposed under Section 4.3. In this way the basin water resources review
can proceed immediately following this training. DWA (RSA) arranges similar training
courses from time to time which can also be utilised for this purpose.

4.2.1 Verification and reviews of Updates

As already indicated in Section 3, the data sets for the WRYM and in particular for the
WRPM are continuously improved and updated over time. This includes modifications to
infrastructure and demands which are already being made by DWA South Africa on a regular
basis. As the other basin states get more involved in the process and start to use the model
they will also be making changes and modifications in their respective parts of the basin. It
will therefore be of utmost importance that all these updates be shared by the basin states
and that a fully updated master set be available to all basin states. This most up to date and
complete WRYM and WRPM sets for the Orange-Senqu basin should be available from a

Capacity Building and Process of Continuous Review 12 Feb 2011



Support to Phase 2 of ORASECOM Basin-wide IWRM Plan WP No 1; Water Resources Modelling

central office, which is accessible to all basin states. It is proposed that ORASECOM should
be the custodian of the Orange-Senqu Basin models to allow easy access and control over
basin wide updates to the models. Verification of the updating could be carried out as part of
the continuous review process.

Development on the IMS (WRYM and WRPM) is an ongoing process which is carried out by
DWA RSA. Updates of the WRIMS (model without data files) can be obtained free of charge
from DWA RSA and should form part of the annual update of the Orange-Senqu basin
Models

4.3 Basin Water Resources Review

The WRPM will be used to evaluate and update the water balance of the Orange River Basin
and the various sub-systems within the basin on an annual basis. Currently this process
already includes the Integrated Vaal River system, the Orange River Project and the
Bloemwater (Caledon Modder) sub-system. The analysis for these sub-systems are carried
out in May each year, as most of the summer runoff had by then entered the storage dams. It
is therefore proposed that the basin review process should follow after the changes and
updates for the May analysis were completed, which should be early in June each year. The
ORASECOM Secretariat should be involved in this process. The necessary model runs
should be performed and the results made available prior to the convening of a Review
Session. This could take place in any one of the basin States but should be organised by the
ORASECOM Secretariat.

Results from the WRPM that will be used as part of this process will typically include the
following for the selected major and important water supply systems:

e Storage projections of the major and important storage dams.

e Demand and supply projections

e Possibility of curtailments now and in future by using curtailment plots.
e Flows at key points in the system.

e The time when intervention options is required to maintain the supply to users at the
required assurance.

e Evaluation of proposals coming from the member states

4.4 Proposed Process

All these aspects will be presented to and discussed with the basin states representatives
during a typically two to three day meeting. The meeting should be attended by both experts
and decision-makers from each of the basin states, the ORASECOM Secretariat and the
experts contracted to do the model runs prior to the review meeting.
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The objective of the review process should be for all states to have a clear understanding of
the water resource status for the year ahead, and of the management and operational
options that are likely to be considered
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5 APPENDICES

Appendix A: Capacity Building for Experts
Appendix A1: Course Programmes, Attendance and Feedback
Appendix A2: Course Material

Appendix B: Capacity Building for Decision-makers
Appendix B1: Course Programmes, Attendance and Feedback

Appendix B2: Course Material
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ORASECOM Water Resource Modelling Training Course

22 — 26 November 2010

Schedule Training module
Start time | Duration 9
Day 1
08:30 00:15 |Welcome
Module 1: The Integrated Vaal River System
08:45 00:30 1. Description of the Study Area
09:15 00:30 2. Description of the operating rules
09:45 00:15 Tea break
Module 2: Introduction to Water Resource Modelling
10:00 00:30 1. The Water Resources Planning Processs
10:30 00:30 2. Modelling Water Resources Systems
11:00 00:30 3. Basic modelling principles
11:30 00:30 4. Definition of terms
12:00 00:30 5. Practical 1: Using a basic reservoir model
12:30 00:45 Lunch break
Module 3: Stochastic Streamflow and Yield
13:15 00:15 1. Background
13:30 00:15  |2. Streamflow generation
13:45 00:15 3. Stochastic yield analysis
14:00 00:15  |4. Practical 2:Interpreting yield-reliability curves
Module 4: Defining a system network
14:15 00:15 1. Creating a representative network model
14:30 00:15 2. Basic building blocks
14:45 00:15 3. General data requirements
15:00 00:15 Tea break
Module 5: Defining System Operating Rules
15:15 00:15 1. Background
15:30 00:30  [2. Using "penalties" to define operating rules
16:00 00:30 3. Practical 3: Interpreting penalties
16:30 Close
Day 2
08:30 00:15 (Welcome: Review of Day 1
Module 6: The Integrated Orange Vaal River System (Orange focus)
08:45 01:00 1. Description of the Study Area
09:45 00:20  |2. Improvements extensions - ORASECOM Study
10:05 00:25 3. Description of Operating Rules Part 1
10:30 00:15  [Tea break
Module 6: The IOVRS (Orange focus) Continue
10:45 00:25  [4. Description of Operating Rules Part 2
11:10 00:45 5. Hydrology used in current models
11:55 00:30 6. System Demands
12:25 00:45 Lunch break
Module 6: The IOVRS (Orange focus) Continue
13:10 00:30 7. Water resouce Infrastructure
13:40 00:45 8.Annual Opperating Analysis
14.25 00:25 9 Future updates
14:50 00:15 Tea break
15:05 00:15 Discussion
15:20 00:05 |Close
Note: Modules 7 to 11 part of the Vaal Training group presentations on hydrology
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Day 3
08:30 00:15  |Welcome: Review of Day 2
Module 12: Introduction to the WRIMS
08:45 00:60 Introduction & Background to the WRYM
09:45 00:30 Setting up a study & the hydrology directory
10:15 00:15 [Tea break
10:30 02:00 Navigating the user interface: model inputs
12:30 00:45 Lunch break
13:15 00:30 Network diagram
13:45 00:30 Running the model (historics)
14:15 00:45 Viewing results (historics)
15:00 00:15 Tea break
15:15 00:30 Running the model (stochastics)
15:45 00:30 Viewing and Interpreting results (stochastics)
16:15 Close
Day 4
08:30 00:15 Welcome: Review of Day 3
Module 13: Introduction to the WRPM
08:45 00:15 1. Role of the WRPM
09:00 00:15 2. Model Structure
09:15 00:15 3. Modelling approach
09:30 00:15 4. Overview of model results
09:45 00:30 Module 14: Interpretation of WRPM Results
10:15 00:15 Tea break
Module 15: Water Resource Allocation Procedure
10:30 00:15 1. Water User Criteria
10:45 00:30 2. Short-term yield reliability curves
11:15 00:45 3. Allocation and curtailment
12:00 00:30 4. Practical 4: Water resource allocation
12:30 00:45 Lunch break
13:15 00:30 Module 16: Water Quality Modelling
Module 17: Configuration of the WRPM
13:45 00:15 1. General input data requirements
14:00 00:30 2. Overview of WRPM input data files
14:30 00:15 2. Overview of WRPM input data files
14:45 00:15 Module 18 : Additional Control Features
15:00 00:15 Tea break
15:15 00:30 Module 19 : WRPM Plot Programmes
15:45 00:30 Module 20 : Basic Applications of the WRPM
16:15 Close
Day 5
08:30 00:15 [Welcome: Review of Day 4
Module 21: Application of the WRIMS
Case Study 1: Caledon Modder Sub-system
08:45 00:30 1. Background
09:15 01:00 2. Determining historic firm Yield
10:15 00:15 Tea break
Case Study 1: Caledon Modder Sub-system Continue
10:30 00:30 (3. Evaluating system operating rules
11:00 01:00  |4. Evaluating development options
12:00 00:30 5. Generating yield reliability curve
12:30 00:45 Lunch break
Case Study 2: Polihali Dam
13:15 00:20 1. Background
13:35 01:00 2. Practical
14:35 00:15  |Tea break
Module 22: Creating a new system network
14:50 00:30 1. Background
15:20 01:00 2. Practical
16:20 Close
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ORASECOM Water Resource Modelling Training Course
Namibia
14 — 17 February 2011

Schedule Training module
Start time | Duration 9
Day 1

10:00 00:15 Welcome
10:15 00:15 Introduction

Module 1: The Integrated Orange/Senqu-Vaal River System
10:30 01:00 1. Description of the Study area
11:30 00:15 2. Improvements extensions - ORASECOM Study
11:45 01:00 3. Description of operating rules
12:45 00:15 [4. Group discussion
13:00 00:45 Lunch break

Module 2: Introduction to Water Resource Modelling
13:45 00:30 1. The water resources planning processs
14:15 00:30 |2. Modelling water resources systems
14:45 00:30 3. Basic modelling principles
15:15 00:15 Tea break
15:30 00:30  [4. Definition of terms
16:00 00:30 [5. Practical 1: Using a basic reservoir model
16:30 00:15 6. Group discussion
16:45 Close

Day 2

08:30 00:15 [Welcome: Review of Day 1

Module 3: Stochastic Streamflow and Yield
08:45 00:15 1. Background
09:00 00:15 [2. Streamflow generation
09:15 00:15 3. Stochastic yield analysis
09:30 00:15 4. Practical 2: Interpreting yield-reliability curves
09:45 00:15 Tea break

Module 4: Defining a System Network
10:00 00:15 1. Creating a representative network model
10:15 00:15 2. Basic building blocks
10:30 00:15 3. General data requirements

Module 5: Defining System Operating Rules
10:45 00:15 1. Background
11:00 00:30 2. Using "penalties" to define operating rules
11:30 00:30 3. Practical 3: Interpreting penalties
12:00 00:45 Lunch break

Module 6: Introduction to the WRIMS
12:45 00:60 1. Introduction and background to the WRYM
13:45 00:30 2. Setting up a study and hydrology directory
14:15 00:15 Tea break
14:30 02:00 [3. Navigating the user interface: model inputs
16:30 00:30  [4. Network diagram
17:00 Close
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Day 3
08:30 00:15 |Welcome: Review of Day 2
Module 6: (cont.)
08:45 00:30 5. Running the model (historical)
09:15 00:45 [6. Viewing results (historical)
10:00 00:15  |Tea break
10:15 00:30 7. Running the model (stochastic)
10:45 00:30 8. Viewing and interpreting results (stochastic)
Module 7: Creating a New System Network
11:15 00:30 1. Background
11:45 01:00 [2. Practical 4: Defining the system network
Module 8: Introduction to the WRPM
12:45 00:15 1. Role of the WRPM
13:00 00:15 2. Model structure
13:15 00:45 Lunch break
14:00 00:15 3. Modelling approach
14:15 00:15  [4. Overview of model results
14:30 00:15 5. Group discussion
Module 9: Application of the WRIMS
Case Study 1: Caledon-Modder Sub-system
14:45 00:30 1. Background
16:15 00:15 Tea break
15:30 01:00 2. Practical 5: Determining historical firm yield
16:30 00:30 3. Practical 6: Evaluating system operating rules
17:00 Close
Day 4
08:30 00:15 |Welcome: Review of Day 3
Module 9: (cont.)
Case Study 1: Caledon Modder Sub-system (cont.)
08:45 01:00 |4. Practical 7: Evaluating development options
09:45 00:30 5. Practical 8: Generating yield reliability curve
10:15 00:15 Tea break
Case Study 2: Polihali Dam
10:30 00:20 1. Background
10:50 01:00 2. Practical 9: Polihali Dam
Case Study 3: Neckartal Dam
11:50 00:15 1. Background
12:05 00:45 (2. Practical 10: Neckartal Dam
12:50 00:15  |Group discussion
13:05 00:45 Lunch break
13:50 Close
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Attendance Registers
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Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): __ Guide VAN LANGENHOVE

Course: WRY M

Date: \T /02 200

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 k_2> 3 4 5
Food Quality .1 (3 3 4 5

Event speakers

« Manie Maré... 1 2 3 (3 -5
* Gerald de Jager 1 2 3 4 5
Quality of information 1 2 3 @ S
Usefulness 1 2 3 & @

Meeting your needs 1 2 3 @ s
Overall quality of the workshop......... 1 . 3 @ 5

>

Any comments or suggestions: Q o

QHOULD BE LORGER YO INCLUDE MORE PRACTICALS

Thank you for
your feedback

Please return this
form today or
fax to +27 12 346-9956
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Objectives (1 of 2)

Training and Technology Overview of:

Transfer Workshop

R E—— « Study area and related sub-system

Improvements by ORASECOM Study

Welcome - Description of operating rules IOVS

and intro uction Water resource assessment
Water resource allocation

Installing IMS and related data sets
W gtz e|sesne- pguld 2 « Training on use of IMS - WRYM
i « Brief introduction to WRPM

C v: In Delegated Cooper:

Objectives (2 of 2) Presenters
Achieved by means of:

« Conceptual presentations sl eloceliy

« Demonstrations

e . Manie Maré
« Practical's — on hand experience \—_

« Group discussions ] .
Support & IMS installation

Bennie Haasbroek _




Training and Technology
Transfer Workshop

14 & 17 February 2011

End of module




Introduction (1 of 2)
Support to Phase 2 of the ORA
[ d Water R Manage . - :
Vaal Fivor Syetom AnvelOparalitianai . Development Suite of WRSM mid 1980’s

- Water Resource Development planning

14 - 17 February 2011

Water Re : : atio - Water Resource Operations planning
l Model Dev'pment  Models & related analytical techniques
J

orification & Application

were instrumental in making
- Optimal decisions large capital projects

- Maximising benefits through system
operational analyses

Introduction (2 of 2) Description Modelling System

. Scientific foundation analysis techniques . Consists of suit of analytical tools
embedded in models .
- Hydrological data preparation software,
- Reviewed by external specialists National & rainfall runoff simulation model, water quality
International modules and stochastic time series

. . generation procedures
- Tested and evaluated in various water

resource studies subjected to external - WRYM to determine long and short-term yield
reviewers characteristics of water resource

_ Several technical papers — local & - WRPM the main decision support system

international symposia and technical
publications




WRYM & WRPM (1 0f2)

Consists of four main modules

- Main simulation engine — network solver
a) defines system as network of reservoirs,
rivers conveyance infrastructure abstractions
b) Implementing operating rules by means of
data entries

Rigorous stochastic streamflow generation
module

Drought curtailment algorithm (WRPM only)
Water Quality module (WRPM only)

Verification Analysis Techniques
and Modelling System (1 of 2)

Pegram (1983) Providing an overview of the
stochastic hydrology methodology

DWAF (1986) Report presenting details of the
multisite stochastic model — Vaal River System

McKenzie & Allan (1990) lllustrates the application
of the risk based analysis methods — Vaal System

Pegram & McKenzie (1991) Paper describing the
“Synthetic streamflow generation in VRS study”

O’Connet et al.(1991) Paper on “Multisite synthetic
streamflow modelling in a semi arid region

WRYM & WRPM 2 of 2)

i Integrating various interdependent Water

Resource management aspects

- Inter-basin transfer rules for major conveyances
Eastern sub-system, Thukela-Vaal, LHWP etc.

Increasing water requirements & return flows
multiple users throughout IOVS system

Hydro-power requirements & related operating
rules taking into account other users & envirmt

Commissioning characteristics new infrastruct
Filling of Polihali Dam and effect on the sub-
sequent risk of supply from Vaal and Orange

Verification Analysis Techniques

and Modelling System (2 of 2)

Van Niekerk & Basson (1993) Paper describing the
application of probabilistic based management

Basson et al. (1994) Book on “Probabilistic
management of Water Resources and Hydropower
Systems”

DWAF (2008) Procedural Manual for the Water
Resources Simulation Model (WRSM)

DWAF (1999) Main Report of the Orange River
Development Project Replanning Study reviewed
by a panel of specialists




Application History of Model in

Vaal & Orange River System (o3
i IVRS WRPM in use since 1989 providing WR

Application History of Model in

Vaal & Orange River System (o3
i IVRS WRPM in use since 1989 providing WR

decision support info for development &
operational planning by RSA DWA

WRPM configured for Orange River System in 199
as part of Orange River System Analysis study

Over past 2 decades models were refined & up-
dated to represent physical system as realistically
as possible

In 2004 the Orange System Model & the IVRS
Model was combined into one large integrated
system

Application History of Model in

Vaal & Orange River System o3

i DWA 2009 Water for Growth Development
Framework — Based on comprehensive inves-
tigations of all major WR systems in SA. - Water
availability & supply info were determined by
simulation models

Phase Il of ORASECOM WR Management Plan
study .
- Models will be updated extended & refined
- Training provided for operators & decision
makers in basin states
- Copies of final updated model provided to all
basin states

i WRPM configured for Orange River System in 199

decision support info for development &
operational planning by RSA DWA

I

as part of Orange River System Analysis study

i Over past 2 decades models were refined & up-

dated to represent physical system as realistically
as possible

i In 2004 the Orange System Model & the IVRS

Model was combined into one large integrated
system

Support to Phase 2 of the ORAS
Integrated Water Resources Manage
Vaal River System Annual Operating Analys|
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" ge Senqu River Catc

ana, Lesotho, Namibia & RSA
hment area 1 000 000 km?

f_' RSA — 580 000 km? (59%)
Namibia — 260 000 km?2 (26%)

b - Botswana — 120 000 km? (12%)
' "&esotho — 32 000 km?2 (3.2%)

* INTEGRATED
bt RANGE/SENQU
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Integrated Orange /Vaal system —
i et Fow w """" { Komati |< ————— ’ I —

UPPER VAAL
WA

Jerichofo
! Nootgedacht o Noofigedacht

- Vool fo Gauteng Povetscrons
L Usutu Y
Southern : Oiffants 5 (Upper)
P— B Gauteng (Upper)

Komati
sub-systel

Heyshooe fo y
Moigensiond
Transter chanmel Vool Dom &
Grootdiaai fo Sasol & £
Power-stations hopeto | Assegaal
+ Rher chomal g Giootaraai (Uppen) I o
S .
- il :ZG,""";Z@“O Heyshope
e | Grootdioal
Sterklontein ; | sub-systel

UPPER ORANGE WMA
Fish River Molopo
(Namibia) (Namibia, Riet Modder -
sotsvana, 58| e, ) S—
Wi i
- Knelpoort & 1 Katse fo Voal
Vanderkoot o Welbedacrt ! Tonser
Owonge | RetModder | ... Dams. 1
fovaal |
A L . - Bloemhof
c
e T .7‘-; ‘ subsysten
e e O ————— | N | S — . . enqu
confluence — o - = ‘ Isub-system|

i Gariep o OrongeFish funnel

Simplified Key Schematic ‘mme] Integrated Vaal system

b"“

b= . 3 =
~ " IVRS Major Reservoir. ~Total System Storage Traj
et 0, pu
Catchment Dam Name Gross Natural MAR @& FSC® FSC as % of Total Total Vaal River system storage (from May 2000 to May 2010)
Area (km?) (million m?) System Storage 13000 [FullSunoly Ganaoiy (nclionai]
ullSupply Capacity (incl ale)
omati INooitgedacht 1588 78 0.7 12000 h \
'ygeboom 3132 194 83 0.8 11000 \ T
H
orgenstond 548 56 101 0.9 LA STN | /’J
sutu festoe 533 44 61 05 —~ 9000 ™, f\\ AN
& w \]
: £
Wericho 219 24 60 0.5 g 8000
Heyshope 1120 129 453 4.1 o
reyshop 2 7000 -
622 100 185 1.7 5
& 6000
1171 433 373 34 (2 Actual System Storage|
£ 5000
7995 458 350 3.2 L
195 18 2617 236 4000
3000
38638 1977 2610 235 = o el
108125 3315 1240 1.2 2000
1867 552 1950 17.6 1000 \
938 305 947 8.5 0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Total : 11109 100.0 May May May Vay May May May May May May May
(&) : MAR = Mean Annual Runoff Year
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BOTSWANA amati-Olifants | e
o PRETORI m Sfer Scheme.

and Water Supply A_

by A - Rand Water Board Boundary
e N [ N\ N/ yea B i ~ -
SO0 TIRERIER ) x - Rustenburg Fashiym Ry
& ] veur, SWA F T — Pipsiine routes.
Pretoria Camsis
S, s e Vasl | Rt T 7
Mid-Vaal # Barrage | (1%
Water N

X AN -
) R
Magaliesburg "“«_ g

e ‘ Kemptonpark

o m MIDDLEVAAL | %= f
Sedibeng

Y MIDDLE | &er Bloemhof Dam c
y = e Randtonsin Spoosol Y ﬂ

{ AT Reada:

i X phoburs | springn
£ Westonaria Ly N
{ : e

\ = o

Vool Gammagars] ~a-c [  VAAL - AR e i Leandrn

Transfer Scheme , I— 2 & 3 g s
- 1 o ” A Haidelbarg.

A—

— / Secunda
- =l | Secunda |

Vanderbijlpark f_—/ i
Piotermaritzburg| ! 1 -...}..

Integrated Vaal System Transfers )\
2007/08 (million m3/a) o Nl R e

Kimberley v "

o BLOEMFONTEN |\

F& RS Demand Projec

??‘ RS Demand Distrib

Fig 3.2: Ci i of Net Water

Losses

10% Large Industries ‘

14%

3400.0

3300.0 // —1
T 32000 I e i e
g
H
E 31000
2
g
i \//
3 30000 S

Total Demand at 2010

2900.0
3 080 million cub. m/a
2800.0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Years
—=— Scenario A (2010/2011 AOA) —&— Scenario B (20102011 AOA)
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aal Small sub-sys
Demand distributio

aal River Confluence a
Vaal Douglas

Mining Rural

Losses Urban

2%

Livestock
12%

e wome |

ORANGE RIVER SYSTEM
NETWORK

Caledon

Modder
System




~ Knellpoort, Rustfontein, Mockes &
' Groothoek dams)
-3 Orange River Project (Garlep 8
Vanderkloof dams) 4

Sterktaniein (— - ‘

To Vaal Dam  Dam i _J-’
[Vaal Basin ] aoL
pE

s Weodstack
SooA e - ‘

¥ e;.,\u}
2 rgville
7 ’4]‘\' P
]
]

{ _'\‘ Malsoku j Nokhetlong
5 & 4
lajj
i Lesotho
e

Orange System Transfers
2005/06 (million m3/a)
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Ladybrandc
MASERU Y,
~7""L. Mohale #

X olihali 164m
(/15 145m h ‘ai S By
. ; ] 5m@ : N
{ \

Sterklonlen *

To Vaal Dam  Dam * 7
T ¥ ¢
e — 4.5m@ -
Fouricaburg s 20m¥/s ; “‘_\’ Wasdsiook
- am
! —zlkﬁ; Serguille

Tugela Basin

& - i AN

Demand (million m3/a)

Phase 2 (New) of the Lesotho Highlands Water Project

130.00
120.00
110.00
100.00
90.00
80.00
70.00
60.00

BloemWater Demand Projection

/

/
/

2010 2012 2014 2016 2018 2020 2022 2024

Years

adon Modder sub-s

T3 *‘Modder *Caledon
Grooth sub-system ' sub-system
1 uxu%
~Tienfontein o
pump station
‘ -Pipeline 3
20

100%x
Rust

*Knellpoort
“Rustfontein g
Dam

Novo Transfer

“Purification
plant 2

nge River Project (1

age River Project (ORP):

Total system yield + 3 300 mcm/a
Current surplus * 100 mcm/a

~ * + Gariep Dam storage cap 5 340 mcm

~ + + Vanderkloof Dam storage cap 3 190 mcm

| . Combined storage 8 530 mcm
P4

o
wie
[ iy
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range River Project ( .

ain demands upstream of Vaal conflue

E dro-power generation at both dams
2200 mcm/a Gariep — 2100 mcm/a Vdkif

~ "Orange Fish Transfer Scheme 650 mcm/a
"« Vanderkloof Canals Scheme 330 mem/;
"< Orange Vaal Transfer Scheme 140

’Kbstractlons directly from r|ve ,‘ 4
—Irr & Towns :

"Boegoeberg Scheme

' Upington Scheme

= Kakamas Scheme

" . Onseepkans

‘T‘Xioolsdrift

* Noordoewer & Aussenkehr
'\Irrlgatlon abstractions dlre ‘

| Orange River Project (.

‘Karos-Geelkoppen Rural WS Scheme 1
. Kalahari-West Rural WS Scheme

" . Springbok Regional WS Scheme
“Hrban Industrial & Mining — Prieska,

pington, Alexander Bay, Oranjemund
_Rosh Pinah, Noord Oewer, etc.

= ORS Eastern
o Cape

. Demand
1+ Centres
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Photo DWAF

3940 ha

Lower Riet River
Irigation Board area
Kby

Board area

97 ha
50 hd

Riet RIveY 25
Sefilement

o Luckoft

Main canal

Canals
Dams
Rivers
. Towns
————  Catchment boundary

Rifchie Iigation /
Rifehie Imigation sshoitzburg Iigation 3500 ha

Van der Kloof

Vanderkioof Dam

Modder River Governmer]
Water Scheme area

Krug
Dam|

Kalkfontein canal scheme.

3050 ha Tierpoort Inigd]
Y rd area

Kalkf@htein Dam

g

Fouriesprt
Dam

/ e

| Seilomen:
/i

0 trigable fand.

r Orange

Rosh Pinah

Canals
Pipelines

l NAMIBIA

Komsberg to
Noordoewer
Aussenkenr  Irrigation
1440 ha

iNoordoewer 1470 ha/

4 g Kakam:

irriga

ofadder
Namaqualand
irrigation area

Pelladrift water

O G
Kakamas+s

Upington irrigatio % il o,

area

supply scheme

Springbok "\ Springbok regional
water supply scheme

Kalahari West rural
water supply scheme

ly sche
. Supply scheme

> \'e/ irrigation area

SOUTH AFRICA

Karos-Geelkoppan rural water

Lower Vaal
irrigation area

Boegoeberg Dam

9800 ha

\ - 3

.
i h:\ 15450 hal

Middle Orange
irrigation area

MR PO076 Graghics Figéc oo
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Augrabies Falls

B © R-Mckenzie

5000

Summary of Main Demand Components

4500

4000

3500

3000

2500

2000

1500

Demand (mcm/a)

1000

+«+« Total Urban Demand = Total Irrigation Demand
== Total Transfer Katse to Vaal Dam = -Total River & Operating requirements
=Total Orange River Demand = Demand Imposed Gariep & Vanderkloof
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P Demand Distribut

Operating
Losses River 1
8% Evaporation

19%

ORRS EFR
9%

Irrigation
"362%

Urban Industrial
ORP Gross Demand 2010 Mining

3200 million cub. m/a 2%
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7

i 2

Losses
1%

2010

Urban industrial

Rural Domestic
3%

4%

9%

distribution
490 million r

Livestock

TOTAL
RIVER FLOW

3,530

MAXIMUM
RESOURCE
POTENTIAL

1,490

CURRENT MAX.

ENVIRONMENTAL
REQUIREMENT

CUMULATIVE
VOLUME
(million cub, m/a)

_____ NAMIBIA [E—

RESOURCE
POTENTIAL
PARTIALLY DEVELOPED
FCTLECH, CURRETAN
FULLY DEVELGPED UTILISATI RESOURCE
120 POTENTIAL
VAAL RIVER DEMAND 1,557
4,418
ORANGE RIVER DEMAND 2,555
1,863
SOUTH AFRICA
803
LHWP TRANSFER [CURRENT
1,060 uTILISATION
2
1,038 5,066
67

WATER BALANCE INCREMENTAL
CCOMPONENT VOLUME
(million cul

b.m/a)
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Thank You
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‘ vﬁyl #4 |BZ ...

Adding hydrology for following sub-
catchments:

* Inclusion of Lesotho Lowlands Identified
S’chemes — Hlotse, Hololo, Makhaleng &

Metolong Dam J

Updated hydrology for Usutu & Koma

§ /stems — Obtained from

ending of existing hydrology to 2004/
dding hydrology for following sub-

" amv ifants, Aub, main Nossob & small .
“u tributaries along Lower Orange
+ Botswana/RSA - Lower Nossoy anc
: Molopo A
SA Kuruman, Ongers, F

- & small tributaries along

¢ Disaneng dams also Kuruman, Molopo
| eye & others

' Viljoen, Nauaspoort & Oanob dams
Ongers sub-system — Smartt Synd\ix

+2011/03/03



RS & Orange System
Towns — All town study projections

Irrigation task -
Y |

pdated irrigation data from ORASECM

Recent Molopo

[

Recalibration of 7 \Stuc‘lly Hydrology
Hydrology bl Y
¢ =t ey
Sy Extending
=~ 4 Hydrology Limited |.
o= n Recalibration
- /-\’"- - N_J’
SWR 2004 Improved f~>{ = 1oy
Simulate based Hydrology wa
SWR 2004 LT oy
Improved | 78 : K“i oA
Hydrology \ Tk <
y i.; \

?v Upper Orang

e Lesow

Riet/Modder Subsystem e

Lesotho Highlands Water Project Subsystem

+2011/03/03
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Thank You

UPPER MOLOPO

olopo sub-syst

LOWER MOLOPO
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Integrated Orange /Vaal system
0 -~ Rotum How «------ Mor:ge';nc;g;gfnsl rrrrrrrr 1 Komati |' """""

B Voo Gaueng | povetonors
: z Usutu
: Jeichoto
Gauteng H (Upper)

Upper Vaal &
Middle Vaal VaalBarrage [

Lower Vaal

>Am:rmc )

o v )
Commissioned by: L=/ range | W/

¢ t Z ﬁ Federal Mini s = o nf Yotronge niecroci
g | f"'fﬁ""";" |||||||||| { Am. * Gariep fo Orange/Fish tunnel
o : ’ Simplified Key Schematic |.gen ca,,e|

nellpoort, Rustfontein, Mockes&, e
roothoek dams) '

G o
} Orange River Project (Gariep &




+2011/03/03

edon Modder sub-s

100 ‘Modder ! -Caledon
Grooth sub-system : sub-system

HWP Operating Rule

‘gases to RSA based on agreed schedt
hased in over time. Reached the maximur
ansfer volume 2009 — 780 mcm/a

0 releases to support downstream dams
IFR releases from Mohale and Katse
™
>

-
‘ﬂ-‘\’

, ;«af edon Modder Operai
E Principals (1.2
WV aintain Assurance of Supply

"Primary objective of the operation of CM:
" is to maintain the assurance of supply to |
wusers

gstriction of Demands }
'-"«The operation of the CMS is based on

triction of Demands

¢ Obijective is to reduce supply to less
- essential use to protect the assuranci
 of supply for more essential use '

-+ The basis on which restrictio
¢ implemented is defined by m
~ user priority classificatio

-t




; ity Classification
; I Modder Sub-system

“from Tienfontein

' 7 When not sufficient water in Caledon®
" start to use 40% in Rustfontein

- 8 Remaining 80% in Mockes
.-,.\9 Remaining 60% in Knellp

- ¥
 Bloemfontein is supplied with water fra
it's resources in the following order '

% of the water demand to be supplied
Category 1: 200 year 1: 100 year 1:20 year
(99.5%) (99%) (95%)
Urban 50 30 20
Losses 100 0 0

el

+2011/03/03

_* 3 Upper 20% storage in Mockes Dam
: 4 Rustfontein until it reaches 40%
* 5 Water is then transferred from

*'.

Min % °\
................... 0.5%
—_——1%
—— 5%
O 10%
2% Percentage of
- % e SIS
759 value
®  90%
—L— 95%
-——— 9%
................... 99.5 %
Max %




Knelpoort Dam Rustfontein Dam
g T 200

=
- Maintain Assurance of Supply

rimary objective of the operation of O F
is to maintain the assurance of supply to
users

X
- Hydro Power Operating Rules

Secondary objective is to |mplement ru

that will maximize the hydro- power

. benefit without jeopardizing the '
- rassurance of supply to the us

range River Project "l

"'f:? Operating Principa
"',
A

striction of Demands

The operation of the Orange River Proje
ariep and Vanderkloof dams) is based
on the principle that demands are

| restricted during severe drought

| "¢ Obijective is to reduce supply to less

« essential use to protect the assurance

~ of supply for more essential use
- The basis on which restrictions a

| implemented is defined by m

-~ user priority classification

+2011/03/03



Priority Classificati
DRP Sub-system (% basis

* River releases according to downstream
demand pattern

. Additional releases if surplus allocated f

% of the water demand to be supplied
Category 1: 200 year 1: 100 year 1:20 year
(99.5%) (99%) (95%)
Irrigation 10 40 50
Urban 50 30 20
Losses 100 0
Environmental 68 32

i

~m—

ORP Operating Rule

arger Orange River System

‘Storage dams upstream Gariep &
" Vanderkloof not used to support Gariep &
«Vanderkloof dams

# Only releases for

> + Environment o
+ Compensation to use S
N + Spills :
S

;’T? iderkloof Storage C

Vanderkloof SCC
1171

z
§1170.5 100%
%— oot
3
= 1170 98%
1169.5 95.9%

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Months
VdrkIf FSL eeeec-- Vdrklf SCC- May 2009 Vdrklf SCC- November 2009

+2011/03/03



' Releases through Orange/Fish tunnel based
Operational model

eleases into the river also used to generate HP.

- River releases according to inverse of the
downstream demand pattern

- Additional releases if surplus allocat

_* Additional releases for HP if wate r
'\storage control curves

- Q rap’ge and Vaal River systems are ope
separately

he only links are:

he transfers from the Senqu to the Vaal

_ supply situation in the Orange d/s of the LHWP or.in.th
_ IVRS

gpills from the Vaal to the Orange

perating rule of IVRS minimizes spills from
Vaal into the Orange. Spills from the Vaal do

" % however enter the Orange during per C
_runoff and as result of operatlng los
irrigation return flows in the r

ep Storage Control

Gariep SCC
1259
............ 0,
12585 I - 100%
= . P I
£ s == T
g 1258 —
e 95.8%
3 12575
1257 92.7%
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Months
GariepFSL ~ eeeeees Gariep SCC- May 2008
= -« =20%SCC May 2009 = SCC Nov 2009
il —

St all Orange sub-sys
Kalkfontein, Krugersdrift, Tierpoort,

Groothoek, Rooipoort, Smartt Syndicate
~Naute, Hardap,etc

1ese dams use an in-house rule in practlc

)\ current WRPM — Supply demand until
m failure occur then supply whatever is
a)(allable :

* Proper scientific operating rules to
developed ,

Hardap in Namibia — operatln‘ ‘
.developed

+2011/03/03



ity Classification
Dam Sub-system (% basis

>

Priority Classification & Assurance of Supply
Low Medium High
User Category
80% 90% 95%
1in5year 1in 10 year 1in 20 year
Urban/industrial 0% 0% 100%
Irrigation 83% 17% 0%
Losses 50% 0% 50%
s LS '
g

Ti

grated Vaal River
y Principals (: o2

General Operating Principle

st be operated as an integrated system
irrespective of who owns or operate each
component of the system

tain Assurance of Supply
- Primary objective of the operation of IVRS i
maintain the assurance of supply to user
Cost Saving Operating Rules

= Secondary objective to implement cost
1 ,operatmg rules during wet hydrol
‘when dams are full. 4

RDAP Curtailment ‘

CurtailmentCurve For Hardap Dam

210

I I I I I
3 T T T U U T
200 +

Operational Full Supply Storage 206.10 million cub. m.

190 £

180
170 £
160 |

150 -

| | | [ N 1
Low | Medium | High |
70 £
60+ \\
50 -
a0 £ \ T
30 N
B I I [ Minimum Storage 2.63 million cub. m.
10 © 1 ] | \‘{—‘é; [ I
0
o 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

Principals (1.2
triction of Demands

e operation of the IVRS is based on the
. principle that demands are restricted during
severe drought events.

Objective is to reduce supply to less
essential use to protect the assurance of
supply for more essential use.
¢ The basis on which restrictions a
implemented is defined by means
'« priority classification definition.
> ™) i

2
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Priority Classificati
« for IVRS (% basis)

Priority classification & assurance of supply

User category Low Meduim High
1in 20 yr 1in 100 yr 1in 200 yr

Irrigation 50 30 20
Domestic 30 20 50
Industrial 10 30 60
Strategic indust 0 0 100
Losses 0 0 100

« Trigger levels are used to control the event when
transfer should commence or cease to prevent a
dam from spilling or to reserve water for use by local

~_users not benefiting from transferred water.

"
« Short term yield capability of sub-systems
Pe Short term yield versus demand - When bal
negative transfer/support will occur if sul

" % available from other sub-system. Whel
~ can not be obtained curtailments w

RS Operating Rule

ated Vaal River System

* Annual Operating Analysis (WRPM) used a
decision support system to analyze & assess
“different scenarios of operation to determine
the appropriate operating rules for the
subsequent 12 months (1 May starting
~storage levels)

- The operating rule involve controlling the
transfer of water between reservoirs &
“sub-systems and the draw down of dan
the system. &
4 El’vb}‘; main trigger mechanisms are used to ¢

. volume & timing : dam levels & short te
characteristics

ﬁ'n grated Vaal River S

- Vaal River System and all the sub-syste
ming the IVRS are operated as one
em:

1 Bloemhof & Grootdraai

-13 Komati

3 Usutu

- 5 Assegaai — (Heyeshope)
N

'
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wooiE sl v |

UPPER VAAL
WA

o LOWER VAAL WA

UPPER ORANGE WIMA

e 7
Integrated Vaal system

To Eskom PS

in Olifants To Komati Westoe Dam

A - Y

Q
< Q Jericho Dam

Camden 2 <
Mpama River
A Y
Ngempisi River A ' Morgenstond
Dam

A
To Vaal River < < <

‘Assegaai River

Heyshope Dam

A Amot

Duvt gﬁnna A Wintershoek Bosioop.
Witbank > @( @ < < - < =)
e R °; ] )

Gladdespruit
o
Y
@ < E; - Komati River
Komati Kiipfontein Gem‘sb . ‘
looitgedac Weir
gum'g dacht ‘é\ég‘_:boum
A
From Vaal From Usutu
Usutu sub-system
Fig 4.2 Inter-reservoir operating rule:
Usutu subsystem
Westoe Dam Jericho dam Morgenstond Dam
1005 Full Supply Level 155143 100% Full Supply Level 1466.47 “100% Full Supply Level 138400

®

70% 1464.08

® ®

50% 1546.21

®
@ 21% ® 1371.83

10% 1368.32
Dead StorageLevel | 1537 50 Dead Storagetorel  |1457.00 Dead Storage Lovel | 1358, 15

otion 1529.0 ot 1446.00 Eation 1350.50

@ = Drawdown sequence

WRP_PO151aVaal Cont Phase 31.1.cdr
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shope & Zaaihoe
systems

Rietsspruit
3
3
5
9
g
3 g
g
£
q
=
H

Malibamatso River

Senqu River

LESOTHO HIGHLANDS WATER PROJECT
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hof Dam, Harts
Vaal River

.

iver, Renoster, Schoonspruit
b-systems, etc.

erating rules were developed for :

To Vaal River

H Renoster River

S oonspruit sub-system and other small
. dams use in-house operating rules

‘-\In current WRPM - Supply demand
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noster River Catch nd-Vet River Catch

Curtailment Curve for Koppies Dam

To Vaal River
“ I O
w 1 T 1
Full Supply Storage: 42.31 million m® =
Vet From Sedibeng Water
36 sws
32
&
o 28 3
£
5 Y
S
E Sand/Vet
s 20 cws
8
5 >N 3
o 16 \\
12
—
8 —
<
Erfenis Allemanskraal
4 Minimum Storage: 1.55 million m3 Dam
1 L " " L 1 Brandfort
0 | | [ [ | I
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4

0.7 Curtailment Curtailment Level

manskraal operatin

Curtailment Curve for Allemanskraal Dam

Curtailment Curve for Erfenis Dam

190
[T T T[]

170 Full Supply Storage: 179.31 million m?
160
150
140
130
120
110
100
90
80
70
60
50
40

30 . Minimum Storage: 5.11 millionm?® |
20

10 —]
-—

N I A
I A
Full Supply Storage: 2122 million m?

7

Storage (million m?)

Minimum Storage: 4.71 million m* |

e o I

T

0 01020304 0506070809 1 111213 14 15 16 1.7 1.8 1.9 2 21 22 23 24 25 26 27 28 29 3
Cu Level

0 010203040506070809 1 1.1121314151617 1819 2 212223242526272829 3

Curtailment Level
0.60 Curtailment

70 Curt:
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Contents
Support to Phase 2 of the ORASEC
Integrated Water Resources Manage

The water resources planning
Training Session 1: 14 - 17 February 2011) process

, . Modelling water resource systems
Introductid'o ater . Basic modelling principles

Resource Modelling . Definition of terms

Practical 1: Using a basic
reservoir model

Typical water resource system

1. The water resources
planning process

) 7
’\ Irrigation
S

t
i
Urban Giflim




Balance

Requirements
and losses

Resources

Assessment
- Resource capability

- Resource assurance
- Water requirements
« User criteria

- Water quality

Primary objective
Ensuring the supply of water resources to
support changing water requirements:
« Over planning horizon
« In sustainable and cost-effective way

Achieved through:

« Assessment

« Intervention scheduling
- Management

» Monitoring

Intervention scheduling

- Conservation
Demand management
Recycling
Resource reallocation
Adjustment of user criteria
- Catchment management

- Resource development

- Reservoirs
- Transfer schemes
- Other




Management Monitoring

- Resource operation _
- Reservoirs « System behaviour

- Supply priorities
_ Transfers - Water requirements
- Blending / dilution
« Impact initiatives / interventions
- Operational cost savings
- Water quality objectives
« System maintenance

Undeveloped catchment

2. Modelling water resource
systems

/ Available
flow




Available flow Abstraction from river

l Available flow

Average:flow

Abstraction

Monthly flow volume (million m3)

/ Available
flow

Actual supply Abstraction from reservoir

l Available flow

Average flow

capacity

e :a: Actgal Islupp

Reservoir

Abstraction

Monthly flow volume (million m3)




Definition of a “model”

“... a simplified mathematical
description of a system or process,
used to assist calculations and
predictions...”

— Oxford English Dictionary

Limitations of modelling

« Inherently a simplification
« Assumption-dependent
. Data-dependent
« Selection of appropriate model
. Standardisation of modelling approach
« Specialist software:

- Expert configuration and interpretation

- Extensive checking and testing

- Long turn-around time

- (Typically) small user groups

Benefits of modelling
Representation of real world
Prediction of actual behaviour

. Testing environment for resource and

cost impact of:

- Human activities

- Interventions

- Management options

Allows “mistakes” prior to actual
implementation

Example models and utilities
Data pre-processors (various)

Data patching utilities (PATCHR, PATCHS)
Rainfall-runoff models (WRSM2000)
Stochastic streamflow models (STOMSA)
Yield analysis models (WRYM)

Planning analysis models (WRPM)

Water quality models (WQS)

Information management systems (IMSs)




Hydrological analysis Stochastic streamflow
generation

Rainfall H
data v
Natural historical
streamflow seq.s

CLASSR l

STOMSA

PATCHR

Patched rainfall
data

| NN \\'RSM2000
Verification and Stochastic Parameter file
validation test streamflow seq.s (PARAM.DAT)
Natural historical H
streamflow seq.s .

: v
v

Sub-system yield analysis System planning analysis

’7 % v ’7 ’% \ ’%
Hydrological data Natural historical Parameter file Hydrological data Natural historical Parameter file Short-term yield-
Y 9 streamflow seq.s (PARAM.DAT) Y 9 streamflow seq.s (PARAM.DAT) reliability curves

Planning analysis
Long-term yield- Short-term yield- results
reliability curves reliability curves H
. .
\4




Reservoir model
Inflows < Outflows

3. Basic modelling principles

Santauntynt Santa

Reservoir model Relationship between
Inflows > Outflows time-steps

Start S1 AS1 Start S2

A= Inflows - Outlows |-




Simulation Analysing scenarios (1 of 2)

Reservoir A

Flow rate

Abstraction

Storage level

Adapted from: Basson Et. Al.1994

The modelling process
Define objectives

Identify main physical features
Define system network

Select system operating rules
Undertake scenario analysis
Evaluate results

(Repeat process)

Implement decision




4. Definition of terms

Yield terms
Target draft

Reservoir failure and recovery
Critical period

Yield

Base yield

Firm yield

Secondary yield

Commonly used terms
“Firm yield”
“Secondary yield”
“Total yield”
“Historical yield”
“1:100 year yield”

“Yield with 95 % assurance”

Water resource system

Assumptions:

1. Fixed reservoir capacity

2. Fixed annual abstraction volume
(with monthly supply pattern)

3. Particular inflow sequence




Reservoir trajectory Target draft vs. yield diagram

Mean annual runoff
i Recovery
A
Evaporation
and spills

Firm yield
point
Non-firm
yield

Secondary
yield

Storage volume

-Base yield

Dead Storage Volume (DSV)

Target draft

5. Practical 1: Using a basic
reservoir model

Firm yield (% MAR)

»

60 80 100 120 140 160 180 200
Storage (% MAR)




Purpose and methodology Water resource system
Purpose:
. Explore use of basic reservoir model

Methodology:
. Use spreadsheet model provided in
[c:\\Wrym\Basic Reservoir Model\*.*]
« Analyse system for 3 inflow sequences
. Complete table with analysis results Average runoff = & xp =SS

100 million m%a YN~
(8.3 million m3/month)

« Interpret results

Inflow sequence 1

Average flow v Average flow

o
(=]

Inflow (million m )
Inflow (million m )
3

"
4

e

o

400 500 600 700 400 500

Month Month




Inflow sequence 3 Statistics for
3 inflow sequences

o
=]

Inflow (million m )
3

Questions

z What is the firm yield of the system for a
o ”"‘M — reservoir capacity of 100 million m3? (start
1 the reservoir full)

million m* llion m*/a
oil er  owei

What is the length of the critical period?

Start the reservoir empty and re-determine
the firm yield. What do you observe?

Is there a change in the critical period?

19

4. Monthly ti
Month
No.

What is the minimum reservoir capacity
required for a firm yield of 60 million m3/a?
P e eyl ——aaml——aml— o (start the reservoir at 60 million m3)

Tk |Auoshapes- N N OO dG @@l &O-L-A-=5=




Table to be completed

Results for cated flow sequence

million m¥a million m¥a million m¥a

— years years years
- million ion m¥a million m¥a

Completed table

Results for cated flow sequence
72.6 million m%a 49.2 million m%a 30.5 million m¥a

- 0.0 million m%a

No change. No change. Dropped to zero.

63.2 million m® 174.7 million m? 524.7 million m3

Storage trajectory sequence 1,
starting full

Storage (million m°)




Storage trajectory sequence 1,
starting empty S tagratea Wate: Resouroes Managen

N}
(=]

Training Session 1: 14 — 17 February 2011

=}
S

®
=)

[
1=}

N
o

Storage (million m®)

N
5}

o
o 4




Support to Phase 2 of the ORASEC
Integrated Water Resources Manage

Training Session 1: 14 — 17 February 2011

Module 3:

Stochastic "Str'éamﬂow
and Yield

1. Background

Contents
Background

Streamflow generation
Stochastic yield analysis

Practical 2: Interpreting yield-
reliability curves

Why bother?
Historical yield analysis at Midmar Dam

(hydrological years) years (million m3/a)
e | | w
= N
[ wews | » | @
e | e | e
| @ | %




Water resource system Abstraction rate and
risk of failure

Assumptions:

1. Fixed reservoir capacity
2. Fixed annual abstraction volume Full Supply Volume (FSV)

)
3. Particular inflow sequence Failure

Storage level

Dead Storage Volume (DSV)

(A Higher abstraction rate:
9 = Lower abstraction rate:

Abstraction rate and Context
reliability of supply Stochastic streamflow generation

.
.
Natural historical
streamflow seq.s
STOMSA

Abstraction rate

X

Reliability of supply

Verification and Stochastic Parameter file
validation test streamflow seq.s (PARAM.DAT)

\{

0O - Higher abstraction rate:
G = Lower abstraction rate:




Context
Sub-system yield analysis

¥

Natural historical Parameter file

Long-term yield- Short-term yield-
reliability curves reliability curves

v

Stochastic streamflow sequence

. Streamflow sequences generated
synthetically

« Sequence did not actually occur

« Based on characteristics of historical
streamflows

. Generated by means of statistical (or
stochastic) distributions

2. Streamflow generation

Historical sequence

MMrUklnAMA:f:»lummeMWLL .

MMJ\Jl\AJt MMAMMMMMMMW 1

MAMAJM ol LAMAMAJU MJL




Katse Dam

Stochastic sequence 1 |
il M@L«MMWMMMMM

Marginal distribution

Relationship between total annual flows

Represented as flows plotted against
probability of exceedance

4 marginal distribution models:

- 2-parameter Log-normal (LN2)

- 3-parameter Log-normal (LN3)

- 3-parameter Bounded (SB3)

- 4-parameter Bounded (SB4)

Result: normalised annual flows

Streamflow generation process

« Select statistical distribution models
based on historical streamflow sequence:
- Marginal distribution
- Serial correlation
- Cross-correlation

« Generate streamflow sequences

« Undertake verification and validation
tests

« Stochastic Streamflow Model (STOMSA)

b [ User Seecton
N3 84| ‘saa

1897905601 | 1.498G67E 401 | 125926 +00 | 2.313671E00

U T oy
results for

highlighted sub-
scatchment

o o 5‘5%.“;..232.;

SIONSA
m

wp [
&

w
iy
i
“E

1.049088E+02 | D.0ODDODES00 | B.524719E+01 0,000

o
i

400S377E03 | 5.3860E400 | 53B|74E-00  53720SE00

er Log Normal Dist
=2 P L e B

s ® e

Sub-catchment
characteristics Where LN is definet

and analysis y=7y+8in(x-¥) vvh x>E}
lesulteummary 5B3=3 Parameter Bounded D\smbutmn
SB4 = 4 Par.

Where SBis defined as Marginal
Y=y ron(x=F)/(A+x—5) fuhere & X Sistbilion
definitions

Where y, &, ¥ and A are constant parameters and x is annual strearlow variate and y

5=
1=
A=

m
Complets
@ C:\Program Files\StomsatData\Example.




Natural Flav Data Standardised Flow Data

—

| Katse Dam | | Katse Dam

Annual Flows (milion ma)

Streamfiow (milion meia)

55 80
Exceedance Probabity (%)

o RawData - — L3 Selected - SB4

Standard Deviatians from Median

F (Varcn 2006 DWAF (M

|- RSTONSAVERD.3 it Sesitesnlic]|

Serial correlation I eeTe

[ | Goee M ociat [ User Selection
ELOEMS Phi Theta Phi1) Phi2) ‘Thelaﬂ] Theta(2) ‘A\E Vield Combined

DELAY

« Relationship between normalised annual S e
flows

00000 0000 0215 00000 758144 40812 393478

00000 0000 02010 Q0170 779883 4093 41.0929

—

0235 0000 000D 00000 75734 4131 33622

« Represented with correlogram : |

highlighted sub-
catchment

02318 0000 0074 0028 01605 4103 421354

« 9 time-series distribution models: ‘

06726 01206 053 00000 77005 40191 405608

- ARMA (0,0); ARMA (0,1) ARMA (0,2) 01213 106392 00023 03442 768365 40704 404534
- ARMA (1,0); ARMA (1,1) ARMA (1,2) J
- ARMA (2,0); ARMA (2,1) ARMA (2,2) IS ———— T

@1 and &2 ate constarts referred to as the auto-regressive parameters (phi), and distribution
©1 and 2 are constants referred to s the moving average parameters (theta) definitions

. Resu It : n o rm al ised res i d u al a n n u al ." ows ("ant‘)s\:)a sequence of independent random variables with a normal distribution having zero mean and donstant variance (white

~

ARMAR 2) Model

irne Series Fitting Complete:
@ C:\Program Fles\Stomsa\Data\Example. SP

DWAF (Marc




Correlogram of Normalised Annual Streamflove Correlogram of Normalised Residual Streamflow

& Correlation Cosficierts o

0 11 12 13 14 15 18 10041 12 13 14 15 18
Lag (Years) Lag(Years)

Correlogram [ Resicual Correlogram arrelogram ] Residual Correlogram

VAF (Marcn 20 DWAR (1

L RSTONSANEr 0L B PARAN ilERes il ]

g A

ross-correlation e

5 PARAMETER FILE

512345

« Flows from different catchments

73969 654731
* oo Tobe0 otien asaen o 0 a0 o
15369333 1402367 3007998 77.05473

« Result: parameter file (PARAM.DAT) FRE ARG,

oz
3 [I 8167972 06473087 822.3126338 15.2300430
T oz oomn ofics o oo o
Pyl Bt
2" |C:\PROGRAM FILES\STOMSAIDATANKATS
75 ZEI \32 DSOSE SDSEE ZE[ISS
0355 oo mm oo oo o
P
Inherent
: cemgGRN FLESTOMSHOATA VAL
inter-dependence e i T
It o srmsis

1

Stochas

20ms
3 oo 20045 %
oomt i 08 DSk So0ay 057 bonm o parameter file
51865107 37572753 4063234 77.05473 (PARAM DAT)

\PRGRAN FLES\STONSADATAVELSS

0295 025

1 ot e s oo
0.00000  1.00000 0.00000 000000 000000 000000 000000 O
G2260000 44879020 3716943 7006081

8 THE SQUAREADDT OF THE LG ZEAD DISPERSION MATRI GO
08396134 003350937 -0.25737753 018163962 0.0

R ASEERAd - 114000 8 SRSt COTErect b ananns
086280450 030652681 0.30293543 012240855 0.01927422
086410221 038960214 0.11730640 012480989 0.1 4516209
087210059 042939585 -0.13121408 13086040 003910691

B0 THE SQUARE-RODT OF THE LAGZERD STARTING MATRIX HO
10.28475322 -0.08600787 000000000 000000000 000000000
03050 000000000 G00000000 005EEEEED 0000000
000000000 000000000 0.0 000000000 0.00000000
B 7a0aaEzd 14260061 000000000 0D  boo0000n
0.00000000 000000000 00000000 000000000 000000000

B1-THE SQUARE-RODT OF THE LAGZERD STARTING MATRIXH1
042571518 002545067 008645209 12982225 0 0000000
24 A1 956 1 NGRNGEA 1 pnnnnnn

oc \ngnam F\\es\Smmsa\DaAa\ExamD\e P

WAF (March 2006) DWAF (M




Generation of flow sequences
. Generate random numbers :
. Apply selected statistical distribution o : } -------

models: = :

- Cross-correlation
. . Reverse
- Serial correlation order

- Marginal distribution

. Disaggregate annual into monthly flow
values

Verification and validation tests Plotting statistical distribution

« Verification: statistics used in generation . ey

D

» Validation: reservoir storage tests

—
P
is

BEGOP

. Generate stochastic sequences

Soroc
S

Percentage of
sequence results

« Calculate particular characteristic for
each sequence

9
value

« Plot resulting statistical distribution and
compare to historical value

Results for generated sequences

« Acceptable if between 25 & 75 percentiles

DW/




Marthly and Annual Means Morthly and Annual Standard Devistions

{ K |

1
atse Dam | Katse Dam |

Monthly Streamfow

F (March

N-marth Run Sums Maximum Defict

- | | |
| Katse Dam | ‘ [ Katse Dam |
1S

=

Log of Streamow(

F (March




Max. Deficit Duration

Longest Depletion Durstion

1 —
— | Katse Dam | | Katse Dam |
| = " 1

Duration (Morths)
Duraton (morihs)

Yield (3 MAR) ield (% MAR)

DWAF (March

Vield Capacity Test

/i Katse Dam !,,—

ield (% MAR)

3. Stochastic yield analysis

250 300
Capachy (% MAR)

+ Simuisted ~ Mean - Weadian - Historical




Yield results for 41 sequences Yield results sorted

Yield / target draft (million m%a)
Yield / target draft (million m%/a)

15 20 25 30 15 20 25 30
Sequence humber Sequence number

Definitions
« R, =Long-term risk of failure

= [Failure sequences + 1] / [Total sequences]
=(19+1)/41

= 0.488

=48.8 %

=
a\oll

« E, = Long-term reliability of supply
=1-R,
=51.2%

1:20 year
1:50 year
1:100 year

Yield / target draft (million m%/a)

« Rl = Recurrence interval of failures

RI
RI
RI

=1/(1- Ep”“) 10 20 30 40 50 60 70 8 90 100
=90.18 years Reliability of supply (as % of sequences observed)




Family of yield-reliability curves Available resource

i Firm yield line

!

j -ﬁ':ﬂ“a-ya'"/ / f f.‘..‘.::::

/

AY
\
\

Yield / target draft (million m%a)
Yield / target draft (million m3/

1:20 year
RI=150year
1:20 year
RIZ 150 year |
Rl = 1:100 year

\

10 20 30 40 50 60 0 9 100
Reliability of supply (as % of sequences observed)

[Ri= 1100 year

Kl
RI

10 20 30 40 50 60 70 80 90 100
Reliability of supply (as % of sequences observed)

Purpose and methodology
Purpose:
« Explore interpretation of yield-reliability
curve

4. Practical 2: Interpreting

yield-reliability curves Methodology:
« Allocate prescribed water requirements

at various assurance categories
« Interpret results




Water requirements

Assurance
Water user category
(RI)

Requirement
(million m3/a)

1:20 years

Total:

Interpretation

How does the base yield line of the imposed
target draft compare to the requirement in each
assurances category?

What does the above observation imply?

How much of the industrial requirement (Rl =
1:50) can actually be supplied at Rl = 1:100?

Show this amount on the figure.

Yield / target draft (million m%/a)

Figure to be completed

ot AT

1:20 year
1:50 year
1:100 year

\

RI
[ RI
-

0

10 20 30 40 50 60 70 80 90 100
Reliability of supply (as % of sequences observed)




Completed figure

Move to 1:100 &
2 5 million m¥a:

)
>

€
c
o
E
=
©
P
©
-
Q
o
=
©
]
=
]
10
=

RI = 1:100 year

20 30 40 50 60 70 80 90

Reliability of supply (as % of sequences observed)
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Contents of module

Support to Phase 2 of the ORASECC
Integrated Water Resources Manag

Creating a representative network
Training Session 1: 14 — 17 February 2011 mOdeI

: . Basic building blocks
- -
Defining a . General data requirements

system network

InDelegated Coope
opersion ﬁ%up(aid
t ‘ P

Identify main physical features

7z~
N

1. Creating a representative @ _—
network model N




Representative model symbols Resulting network model

Reservoir

Runoff

Flow route (with sink»)
Junction node

Water user

Channels (1 of 2)

« Conduits that convey water in a water
resource system network

« Used for defining physical features, incl.:
2. Basic building blocks _ System target draft
River reaches
Flow constraints
Monthly time-series requirements

Losses




Channels (2 of 2) Channel types (1 of 3)
Physical system features (cont.): « Model allows for 12 types of channels

- Diversion infrastructure efficiencies « Each used for modelling particular
- Ecological requirements (IFRs) system feature:
- Pumping stations

.. . Master control (yield) channel
- Minimum flow specifications

_ Irrigation areas Impose target draft to determine system yield
Inflows from other systems General flow channel

Flow control structures Flow in open river with no capacity constraint
Hydropower plants

Channel types (2 of 3) Channel types (3 of 3)
o Multi-purpose min-max channel Diversion channel

Versatile channel type, e.g. abstractions routes Efficiency of diversion structures for utilising

(with monthly distribution) and channels with river flow

physical flow constraints
IFR channel

- Specified demand channel Water releases for ecological requirements

Abstraction routes (monthly time-series)
Other channels:

« Loss channel Hydropower, pumping, minimum flow, irrigation
System losses due to evaporation or seepage and specified inflow




Nodes Nodes without storage
Join channels according to physical layout « Serve as junctions only

of system: « No additional characteristic definitions
« Combining flow from tributary required
catchments

Uss flow | other

inflows

« Points from which flow can be abstracted
or diverted

Other
outflows

« Splitting conveyance routes to simulate
differing physical constraints

D/s flow

Nodes with storage Nodes with “inflows” (1 of 3)
. Used to model reservoirs . “Inflows” represent net runoff from
. Range of physical and operational incremental sub-catchments
characteristics required « Both nodes with and without storage

1

Rainfall U/s flow | Urs flow
C:;j\ fothey Rainfall
\y inflows Other

Inflow inflows

Evaporation >
Other Evapo-
Other

outflows ration
outflows

Spills and D/s flow Spills and
releases releases




Nodes with “inflows” (2 of 3) Nodes with “inflows” (3 of 3)

« Net runoff = natural runoff, minus diffuse
irrigation and runoff reductions

« Incorporated as monthly time-series:

Runoffred. { =
, .| Diff-irrigation |
.| Natural runoff |

Overview

« Study definition
« Run configuration
. « Result output configuration
3. General data requirements
« System network definition

. Catchment hydrology data




Study definition Run configuration
« Study name, description, etc. « General run description

» Sub-area name, description, etc. « Description of months (names and
- Scenario name, description, etc number of days)

- Version of WRYM to be applied « Selection of run type (historical or
« WRYM data file name prefix stochastic)
Location of WRYM result output files

. ] ) « Automatic determination of firm yields
Location of stochastic parameter file

Result output configuration System network definition
WRYM result output file options: - Reservoirs

- Create data file (Y/N) - Properties (name, status, etc.)
- Physical characteristics

- Level of output detail

. - Zone and rule curve elevations
« Channel flow data output options
- Start storage level
- Reservoir data output options: - Associated incremental sub-catchment

- Month-end storage volumes « Flow routes

- Month-end storage elevations o System Iayout/connectivity
- Net runoff, rainfall and evaporation o Operationa| aspects




Catchment hydrology data
Support to Phase 2 of the ORASE

« Time-series data for incremental sub- Integrated Water Resources Manage
catchments:

Natural runoff

Training Session 1: 14— 17 February 2011

Streamflow reductions (forestry, etc.)
Diffuse irrigation
Point rainfall

« Evaporation (12 monthly values)
. Parameters for generating stochastic
| o vonomc Cooporation AR id
streamflow data e JpUald




Contents

Support to Phase 2 of the ORASEC
Integrated Water Resources Manage

Background

Training Session 1: 14 — 17 February 2011

Using “penalties” to define

5- : operating rules
Defining system . Practical 2: Interpreting penalties

operating rules

General
« Operation of system must be controlled
« Generally based on:
- Practical experience
1. BaCkground - Specialist analysis
« Overall objectives:

- Optimise utilisation of water resource

(capability, assurance, sustainability, quality)

- Minimise cost of operation




Typical aspects
Prioritisation of supply to water users

Prioritisation of use of water sources

Conditions under which inter-reservoir
and inter-basin support occurs

Minimisation of spillage
Blending options

Flood management

2. Using “penalties” to
define operating rules

Selection process
Define objectives

Select initial set of operating rules
Implement initial selection in model
Undertake analysis and interpret results
Evaluate achievement of objectives
Reselect operating rules

Repeat selection process

Penalties
Tool for implementing selected operating
rules in model

Dimensionless value assigned by analyst
to system components:

- Channels: for every unit of flow
- Reservoirs: for every unit of water in storage
Interpreted by comparing relative size

Basis of model flow-routing solution




Penalty selection (1 of 3)

2m¥s P=5

T A

2m¥s P=5

2m¥s P=11

e A

| Flow = 2 m3/s |

| Flow=2m3s |

Penalty selection (3 of 3)

2m¥s P=5
N

_/ Flow3
y <

4 User

Flow 1 = 0 m3/s
Flow 2 = 2 m3/s
Flow 3 =2 m3/s

Flow 1 =2 m3/s
Flow 2 = 0 m3/s
Flow 3 =2 m3/s

21.0 {

Penalty selection (2 of 3)

Flow 1 =2 m3/s
Flow 2 = 2 m3/s

Flow 1 = 0 m3/s
Flow 2 = 2 m3/s

« 30m?¥s (Pri. 8)

\ Recreation

~ N -

=

20 m¥/s (Pri. 7)

Tm¥s (Pri.g) 'Mmigation

Flow 1 = 0 m3/s
Flow 2 = 0 m3/s

10 m¥s (Pri. 5)
11.5 < 1m¥s (Pri.4)
0.5 m¥s (Pri. 1)

Urban

EH_E%FE%EM - \ .’

1 m?¥s (Pri. 2)
Ecology
~ >4
— ~
s\ 7 ) S
~ / Industrial
4 m¥/s (Pri. 3)




Network model with penalties Case 1: Reservoir in Zone 1

10md¥s P =20 10m¥s P=20

11.5< 1m¥s P=200 |<--{ Water level 5< 1m¥s P=200

0.5 m¥s P = 1200 P 0.5 m¥s P = 1200

Lo/ P

30m¥s P=2 1m¥s P =750 30m¥s P=2 1m3s P =750

Recreallon Recreatlon

f'\ n f\

N/ W(2)
[riosin/

2104 20m¥s P=5 4ms P =500 10 d 20mis P=5 4m¥s P =500
. 1m¥s P=15 .

3, -
1m¥s P=15 15 5 = channel flow in m“/s

Case 2: Reservoir in Zone 10 Case 3: Reservoir in Zone 100

10m3/s P=20 10m¥s P=20
115< 1m¥s P=200 _ 4 1m¥s P =200

3, - 3, -
|<--{ Water level 0.Slmy Sligski200 5= 0.5 m¥s P = 1200
M P= [«--{_Water level

30m¥s P=2 1m¥s P =750 30m¥s P=2 1m¥s P =750

Recreallon f-\ f\
4

=G @
17 5 H d 6.5 H X
I 40| 6
YA l

210{20m35p_5 4m¥s P =500 - 4m¥s P =500

s P=1 : =
1ms 5 16.5 = channel flow in m¥/s 9 7 15 5 = channel flow in m“/s




Case 4: Reservoir in Zone 400 Case 5: Reservoir in Zone 1000

10m¥s P=20 10m¥s P=20
0.5< 1m¥s P=200 P=1 05< 1m¥s P=200
0.5 m¥s P = 1200

. 3/s P = 12
0.5 m¥s 00 P10

P = 400

<--{ Water level
P = 1000 <---| Water level
05| 4

05| 4

30m¥s P=2

30m¥s P=2 1md¥s P =750
ATV ~ '~
4 1 3 » 2 3
0.5
0.0| 2

3 M 2 3 V\SJ 5 = > "3) >
5.5 5.5 5.0 1.0 0.5 X
00| 2 40| 6 . X
4mds P =500

4m¥s P =500 3 =
21.0 20m¥s P=5

20m¥s P=5
21.0 d
3 = 3 =
{ 1md¥s P=15 16.5 = channel flow in m¥/s 1m¥s P=15 16.5 = channel flow in m¥s

Modelling channel penalties 1-arc channel
Basic building blocks: “arcs” Confiquration

Allow particular flows under specific Flow =010 X;
enalty =

circumstances Arc

For each arc, 3 data values defined:
- Lower flow limit
- Upper flow limit Standard notation

- Penalty (“dis-benefit” of every unit of flow)

Up to 5 arcs, generally only 1 or 2

0 to X P




2-arc channel (1 of 2) 2-arc channel (2 of 2)

Configuration

Flow =X to Y (usually Y = X);
Penalty = 0 (usually)

Flow = 0 to X;
Penalty = P

Standard notation M
X to Y

0 to X 6 Jl'

" amds P=500

Modelling reservoir penalties Standard reservoir notation
. Defined in terms of “storage zones” and
“rule curve level”

" P, (-1 000
« For each zone, 2 data values defined: FsL 1 ( ) { e
P, (10)

- Elevation of lower zone boundary Zone level
one leve

- Zone penalty P, (50)
DSL
Bottom

 Penalty relation to rule curve: P, (10 000)

- Above: “dis-benefit” of water in storage

- Below: “benefit” of water in storage




Example: Heyshope-Grootdraai transfer (1012 Example: Heyshope-Grootdraai transfer (2 of 2)

Spill Compensation
53 54

06410064 | 0]
4

A
.| Heyshope- Heyshope

35 Da
F===x1303.00 (FSL)
1257 00 (DSL)

2| Grootdraai

F==—x1548.96 (FSL)
n‘ seren 50%
50
sy
Otomt. | 0]
Grootdraai 5

Dam /733 7o T 0]
" /= YIELD [ OtoTD | 200 |
4{ 147

47

0.1310013 | 0 |
Spill Compensation 0100.13

Purpose and methodology
Purpose:

« Explore use of penalties to model

. . operating rules
3. Practical 3: Interpreting R _
— T « Investigate behaviour of system under

penalties various situations

Methodology:
« Analyse system for 3 cases
« Complete table with results




Physical system

-
\ 1 Natura N _
L 1 runoff
,) Notira Reservoir B
| I runoff
\
s k@

-

|

" [Czowz0 [0 ]

1.0 K
oot [ o,

N

Ecology

3
N~ S zowze [ 7]

Network model with penalties

|

" [zowz0 [ o ]
5

» 3 >

N~ S eze [ 7]
£

owo o] =

Case 2: Reservoir A in Zone 10

|

" [(zowz0 [ o ]

[Zowzs [ o]

™
owo o] =]




Case 3: Reservoir A fails Table to be completed:

Channel Flow in channels for indicated cases

Case 1: Reservoir Ain zone 1

eoweo o] —

N e | [

Case 2: Reservoir Ain zone 10

IETIEN
=) owmere |+ [ 2 [ 5 [« [ o7
; SN I N I N N

3
N~ S zoeze [ 7] —
Case 3: Reservoir A failure

e |+ [ 5 [+ [« [+ [« 7]
N I N

Completed table:

o |+ [ 2[5 [« [ o] ]
v [0 [ 5 [ [ 2 [ o] 2]

Case 2: Reservoir Ain zone 10

e | [ [ 3 [+ [+ o[ |
Fowimt) [ 3 | o [ o |1 [ 2] 02|
Case 3: Reservoir A failure

oo [+ [ & [ [+ [ o[ o[ ]|
EiEEN NN RN EN
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WRYM-IMS
Introductory Training Course

February 2011

Introduction & Backgrount Introduction &

to the WRYM-IMS background of trainees

Definition

“... a simplified mathematical
description of a system or
process, used to assist
calculations and predictions...”

1. Modelling water resource
systems

— Oxford English Dictionary




Benefits of modelling

Allows representation of real world, subject to
various human activities / interventions

Can predict behaviour prior to actual
experience

Provides testing environment to assess best
options for application in real world

Allows “mistakes” without applying incorrect
or inappropriate options

Guides design of corrective measures

Purpose

Assessment

- Resource capability

- Resource assurance

- Water quality

Impact of interventions

- Conservation

- Resource development

Impact of management options
- Resource operation

- System maintenance

Monitoring of observed behaviour

2011/03/03

Limitations of modelling
Cannot capture full complexities of real world
Dependent on assumptions
Data availability
Selection of appropriate model
Difficult to standardise modelling approach
Specialist configuration and interpretation
Small user group
Long turn-around time

Extensive configuration checking

The modelling process
Define objectives

Identify main physical features
Define system network

Select system operating rules
Undertake scenario analysis
Evaluate results

Implement decision



2011/03/03

History of WRYM

- Water Resources Yield Model (WRYM)
development commenced in mid-1980s

Network simulation model to analyse
2. Background complex water resource systems

Based on Acres Reservoir Simulation
Program (ARSP) (from Canada)

Progressive development
Custodian: D: IWRP

Past to Present (model
simulation

Past to Present (data files)

28




Past to Present (viewing results)

Application of WRYM
Water resource system simulation for:
. Resource assessment
. Impact of interventions
- Impact of management and operational
options
. Basis for monitoring observed system
behaviour

2011/03/03

Importance of WRYM

Used extensively in detailed studies for
over 20 years

Basis for important decisions with
significant financial implications

Theoretical basis accepted and trusted

Results independently verified

« Widely considered as a leading water

resource management tool

Strengths of WRYM
Flexible system configuration
Complex systems
Multiple reservoirs, water users
Variety of physical system features
Flexible operating rule definitions
Rigorous stochastic flow generation

Software forward and backward
compatible
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Issues regarding WRYM Issues regarding WRYM

Information management Software system
« No structured storage for information « Operation:
from costly studies - No graphical user interface

Multitude of ASCII in- and output files - Effort for configuration

information processing - Graphical output via post-processors

Limited metadata facility « Maintenance:

No live linkage between documentation _ Outdated technology (Fortran)
and information _ Limited experienced resources

DWAF (May 2005)

General
« Information Management System (IMS)
for the WRYM
o Current Version 3.8.2
3. Role of the WRYM-IMS . Potential user group: existing WRYM
users and new users

» To be applied in:
- Existing DWAF studies
- Future DWAF studies
- Other studies
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Components Information management
. Information management - Database for structured storage, retrieval
. User interface and sharing of information

. Water resource system simulation « Import existing WRYM data files
(WRYM) . Validate WRYM input data
« Create new WRYM input data files
» Capture additional metadata
« Link to study reports, documentation
- Manage studies and scenarios

Information management design User interface
Zinformation : : Windows dialogs to:

: managers : i interfaces :

: : : » Interact with database
o Input, modify and view information

PATCHR

WRSM2000

- Initiate and display results of data
validation

Initiate WRYM model run
View results (data grid, graph)

Stakeholders /
modellers

Aggregated

information_| % r . Export results for documentation
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Linkage between components

User interface

« WRYM model run, based on definition of: Study nput
Create, edit,
select study

System simulation (WRYM)

Metadata

- System network definition
- m operating rul =

System operating rules | —l:
- Specific scenario i | ; €Q mponties }——
- Run control options e, 1 | )—-[oatabese]

- Result output options J—F}
datafiles ||

. Data input files exported from IMS Corm )
« Result output files imported to IMS o T @ mportiies )
g J——— Q vew resuts_)

Monthly balance
Reservoir node

Inflows — Outflows
(0.1410.0+2.0) — (15.0+1.0+0.2)
= 12.1-16.2

4. Modelling approach | S s
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Monthly balance ‘ Simulation procedure
Junction node ;

definition dat:
Network Simulation e
:
Algorithm Hydrologlcal l ‘
\
I 1
becomes

‘ End S(t)
Inflows — Outflows =0 1 1 e S(t+1)
(10.0+2.0) — (5.0+d/s flow) =0 1 i
d/s flow =12.0-5.0 ! ! nd o
d/s flow =7.0 : ' slmulauon

] Y Monthly cycle | |
L m e e o — o d e S LS At g N

|
i
i
i
i
Last Y !
S
sequence, i
Sequence cycle |
W/

Obtain existing model and documentation

Obtain new model releases and documentation

5. System development and Inform users of training and other events
user support Provide feedback on model

Maintain sharable database of queries,
comments, requests and feedback

www.usersupport.co.za

DWA y 2005)
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Help desk

« Obtain help on using the model

« Obtain information on new model releases,
documentation and training

« Provide feedback on model, documentation
and training

+2712 336 7090

DWAF




WRYM-IMS
Introductory Training Course

February 2011

Setting up a study & the
hydrology directory

Hydro directory
« Catchment files:
« .inc (natural flows): mill m3/mth
« .ran (rainfall): mm
« .irr (diffuse irrigation): mill m3/mth
. .aff (afforestation): mill m3/mth

« Parameter file: (param.dat)

« Any other file with a path hame in the model

Setting up a study
Initial installation & set up
Metadata for study
Importing and exporting
GIS functionality

WRYM.dat: link between model & computer
hard drive

2011/03/03
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WRYM-IMS
Introductory Training Course

February 2011

Creating a new system

’v
network

Average runoff =~ 8/~~~ -
e -
100 million m¥a \ow~7
(8.3 million m¥month)

Inflow (million m 3)

o
Is3

o
L

Background




Inflow sequence 3

Inflow sequence 2

Inflow (million m 3)

Inflow (million m 3)

Statistics for
3 inflow sequences

Creating a
hew study




Purpose and methodology Hydrological data files

Purpose: S

Fle Edt Vew Fovories Tooks Help

« Create a new study in the WRYM-IMS to be Ot - © - F| Pt o | E-

Address | (3 CWRYMINewlHydro

used for subsequent practicals , - E

1 (L) My Documents || B Fowz.ait AFFFie
= 4 My Computer & Flow.aff AFFFile

Meth0d0|0 = < Lot DEK(C) =] DATFie
% &3 1 Projerts & NCFie

® @ 2vRe INCFie

NC File

« Use hydrological data files provided in = :

- & () Documents and Settings IRR File
directory [c:\Wrym\New\Hydro\*.*] & Qewe Fere
@ O winbows ol RANFile

() WRCDATA [Frtowzran RANFile

Create new sub-area and new scenario 3
Create new WRYM.DAT-file for the study Sem
Open new study

Define analysis period: start 1920, 75 years 2 e
Set model output to appropriate level of detail

F (May 2

ncremental natural runoff files

FLOW1.INC

17 15.02  19.55
10.84 29

0.0000000
0.00000 0

.20 .53
.92 .48 B

.16 .51 14.99
13 .89 6

c:\Wrym\New\Hydro\Flow2
75 20
-5.41773
1.

15.73

49.18

0.3640 1.1358
0.7954627

60590 0.88902

80673 77.05479

10
B - THE SQUARE-ROOT OF THE LAG-ZERO DISPERSION MATRIX GO
0.78510132 -0.43891111 32711001
724 0.46998315 -
63486243 -0.06779690

THE SQUARE-ROOT OF THE LAG-ZERO STARTING MATRIX HO

DWAF (May




Study Edit-dialog Create WRYM.dat file-dialog

(St [ Study Edit.

it
Al Models | iskd Mode | o Gave 3 Resat | X Cancel |

AllViogels Yield Mod! |

i dat e _I

Start Month |10 |

——
—————

Wiy File Diata

[ create wRYM.dat file
Subrsa[New Subrared Descriptor: [New Subvarea
o Cieate | 3 Reset | X Cancel |
Subhrea Name [New Sub-area

Fie Name Prefis: [new
Seenaiio [New Seenaio Descriptor: [New Senaro

Scenario Name [Hew Scenario

Version: B - Input Files Path ||: Yryminewsdata
I

Paramdat Fil |G- WRTM tnenhydio\ FARAMKS. DAT

Output Fies Path [C-riminewhouput
 Save | 3 Reset ‘ X Cancel

Run Configuration-dialog
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Defining the system network

Purpose and methodology

Purpose:

« Define the system network, identical to that for
basic spreadsheet model (Practical 1)

Methodology:
« Identify main physical features
« Create representative network model
« Select system operating rules
Set up using basic building blocks
Run model Average ru

100 million

Create system network diagram (8.3 million m?/mv




Basic assumptions

Configuration identical to Practical 1:

Use inflow sequence 1
Set target draft = 100 million m?¥a

No dead storage zone in reservoir

Supply to master control (yield) channel when
reservoir above DSL

Spillage when reservoir above FSL

No evaporation losses from reservoir surface
No rainfall on reservoir surface

Reservoir characteristics as follows:

System network model

1
FSL = 1000 _m-
DSL = 900 _

oo

BOT = 900

3

[ Yield - Yield 0 |

1 [o-Yied_[0]

Reservoir No. 1 3 »" YIELD

1
[om 19 !

©

[o=mr. [0] 2

Reservoir characteristics

Elevation Volume Surface area
(m, masl) (million m3) (km2)

Basic building blocks

Set up using basic building blocks:
« Define reservoir penalty structures
« Define channel penalty structures
« Create reservoirs

- Define catchment hydrologies

« Create nodes

« Create channels

- Define functional system features




Reservoir Penalty-dialog Channel Penalty-dialog
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Reservoir Characteristics-
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Channel Properties-
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Verifying
and testing the system
network definition

Documentation

Ensures specific configuration can be

recalled, verified, reviewed, duplicated:

« Assigned number and name
Description and purpose
Configuration upon which it is based
Nature of modification
Model parameters edited

« Summary of run results

Background

Standard procedure followed after each
system configuration change:

. Document nature and purpose

« Implement

« Verify system network integrity

. Test system operational behaviour
- Make corrections, if necessary

- Repeat procedure

Verify network integrity

Check that basic input data and network
definition provided by user are correct:

« Typical data input errors
« Sub-catchment hydrology data
« Physical system characteristics

» System network connectivity




Verify network integrity
Typical data input errors
Data entry outside format structure

Tabs and other invalid characters
Incorrect number of input elements
Inconsistencies in number of inputs
Duplication of element nhumbers

Incorrect data file directory references

Verify network integrity
Physical system characteristics
Compare model run results with known
characteristics of system elements:

« Reservoir characteristics, e.g. FSL, DSL
and bottom level

- Reservoir water levels
« Maximum capacity of transfers

« Hydraulic constraints of channels

Verify network integrity
Sub-catchment hydrology data
. Compare:

- Simulated inflows to each node

- Net runoff from associated sub-catchment
(*.INC - *.IRR - *.AFF)

« Based on historical model run:
- Particular month
- Average over analysis period

- Based on stochastic model run average

DWAF (May 2005)

Verify network integrity
System network connectivity
Undertake simple mass balance calculation

at each node:

| 0 = Inflows - Outflows

Uss flow | other

inflows
Inflow

Other
outflows

D/s flow

| AS = Inflows - Outflows

1
Inflow  |U/s flow

Rainfall Other

@ inflows
4

Evapo- Other
ration outflows

Spills and
releases




Test operational behaviour

Ensure system behaviour does reflect
intended operating rules:

« Observe simulated model results

« Check behaviour of system elements:
- When reservoirs are full
- When reservoirs are empty
- During drawdown events
- Supply priorities
- Inter-reservoir transfers

Verify network integrity
Sub-catchment hydrology data

[y

Purpose and methodology
of practical

Purpose:

» Verify and test the system network as defined
in Practical 10

Methodology:

« Verify system network integrity:
- Sub-catchment hydrology data
- Physical system characteristics
- System network connectivity

» Test system operational behaviour

Verify network integrity
Physical system characteristics

1
FSL=1000 _|

DSL =900
BOT = 900




Verify network integrity Verify network integrity
System network connectivity (1 of 3) System network connectivity (2 of 3)

Table to be completed:

AS = Inflows — Outflows Description “
Inflow

Rainfall Other
S

Spills and
releases Balance (= Inflows — Outflows) _-

Verify network integrity
System network connectivity (3 of 3)




Test operational behaviour (2 of 2)
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Question: determine the historic
firm yield of the reservoir?
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Support to Phase 2 of the ORASEGC
Integrated Water Resources Manage

Training Session 1: 14 - 17 February 2011)

troduction to the WRPM

1. Role of the WRPM

Contents

1. Role of the WRPM
2. Model structure

3. Overview of model results

Intervention planning

To determine, over a planning horizon:
« Need for intervention
» Timing of intervention

» Implementation schedules
« Filling times

Within context of:

« Growing water requirements

« User criteria of acceptable risks

« Salinity-related system constraints




The process of intervention planning
WRYM Identify the need for
and intervention
WRPM I
List all possible Eng./soc. /env. & inst.
intervention options bl considerations and judgement
‘ « Historical yield analysis
Undertake initial - Preliminary economic analysis
WRYM screening process il - Determine URVs
‘ « Eng./ soc./env. & inst. cons.
E List most feasible options

« Stochastic long-term analysis

¥
q « Prelim.implementation schedule
WRYM Rank selected optlons b - nitial estimate filling times
‘ * Re-determine URVs
o « Establish commissioning dates
WRPM E SChedUIe seIeCted optlon L d © Refine implementation schedule
« Finalise URVs

Operations planning (2 of 2)

To determine :

If and when curtailment are required
The severity of required curtailments

Volumes that need to be transferred for inter-
sub-system support

Short-term surplus available in the system
To identify short comings in the
Management/Operating of the system

To assist with various operational related
decisions

Operations planning (1 of 2)
To determine operating rules for:

Reservoirs

Inter-reservoir support

Inter-sub-system transfer

Salinity (TDS) blending

Management of dual users (e.g. hydropower
and irrigation)

Minimising operational costs (projected
probabilistic cost analyses)

Capabilities
Variety of physical system features
Flexible configuration (not hard coded)
Complex systems, multiple reservoirs
Multiple users and assurance levels
Flexible operating rule definitions

Rigorous stochastic flow generation
Software forward compatible




Limitations
High level of experience
Effort for configuration and maintenance
Extensive testing and verification
Graphical output via post-processors
No automatic optimisation (scenarios)
No antecedent flow conditions
Few specialists for maintenance

Model structure (1 of 2)

4 basic components:

Network simulation algorithm

Stochastic streamflow generator

2. Model structure

Model structure (2 of 2)

WRYM Stochastic yield
1 analysis

Short-term yield
characteristic curves
for each sub-system

WRPM

Sub-system storage (% full)
Water

resource
allocation
procedure

Network
simulation
algorithm
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Linkages between components

W R P M Water Resource
Allocation Procedure

: A Decision

: Stochastic Streamflow Allocation date and

: Generator decision reservoir

levels

Nethlrk S!n;ulation
| Blending gorithm

5

: Allocation decisions:
Curtailments
Inter-sub-system transfers

= Streamflow

= and rainfall
= « Flow in channels
Reservoir levels

Hydro-power results

constraints
Supply to

il Salinity Modelling demands
= Procedures

TDS concentrations:
* In channels
* In reservoirs




Modelling approach

Quality

Data collection

T

Short-term yield
characteristic curves Hydrological Sub-model
data calibration

Projections of water requirements parameters
and land use
Proposed infrastructure
Priority classifications for water
users
Allocation support definition

Development and
operations planning
WRPM

Simulation procedure

Stochastic Streamflow Starting
Generator storage
§horl-lerm Demand
yield curves

ed
3. Overview of model results

End S(t)
becomes
start S(t+1)

Monthly

Decision




Main model results (1 of 2) Main model results (2 of 2)

Projection plots of: Projection plots of:

Monthly / annual reservoir volumes « Monthly / annual avg. channel flows
(also with historically observed trajectory)
« Monthly / annual avg. TDS concentrations

Monthly / annual system volumes eI lteservolrs)

Annual total demand vs. supply . Hydropower:
- Energy
- Power

Annual curtailment levels

Result presentation (1 of 7) Result presentation (2 of 7)

4| Projected system volume trajectories

Percentage of
sequence results
ing given
value

STORAGE (10°m*)

Results for sequences

MONTHS




Result presentation (4 of 7)

volume trajectories
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Result presentation (7 of 7)

4350 — ORANJEDRAAI

Flow at D1H009 ( Oranjedraai)

MONTHS

Total Vaal River System
Monthly reservoir level projections

Projected curtailment levels
Scenario 1 (Start at 62 %)

Risk
GGG Boxplot derived from 1000 stochastic sequences
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1. Background

Caledon-Modder system

Commissioned by: In Delegated Cooperation with:

o | Foramanisy
for Economic Cooperation
and Development

N
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System network model System details: streamflow

Caledon
Sub-system | Sub-system Incremental

Catchment area
Inflow 1

Tienfontein 2
pump station (km )

Naturalised MAR (1920 — 1987

Pipeline

Inflow 3

Knellpoort

Rustfontein

Inflow 2
Modder River catchment

Purification 1
- ) plant 1 Rustfontein Dam 94
Purification 5

plant 2 26
27

Qoss D

Mockes Dam

System details:
channel constraints and losses

Reservoir Full supply | Dead storage | Live storage Incremental

volume volume volume MAR
Dame (million m®) | (million m3) | (millionm3) | (million m%a)
hannel . .
iuranb:r Description Quantity
Caledon River catchment

_ Welbedacht Dam to demand centres




System network with penalties
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2. Practical: Determining
historical firm yield

Operational details
Mockes Dam used first for system yield
Welbedacht kept full by releases from Knellpoort
No releases from Groothoek
Welbedacht used before Rustfontein

Demand channel 28 takes priority over main system
yield (channel 30)

Demand channel 38 low priority — only supplied if
Welbedacht spills

Spill channel 34 penalty causes change in supply
priority to Modder system (Rustfontein) when spilling

DW

Purpose and methodology
Purpose:
« Develop draft-yield line
« Determine historical firm yield

Methodology:

« Select WRYM-IMS study as defined under
[Caledon-Modder]; [Training]

- Analyse a range of target drafts and
document yield results in table

« Draw Draft vs. Yield-line




Draft vs. Yield-line tudy Selection-dialog
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3. Practical: Evaluating
system operating rules

Completed graph
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Purpose and methodology
Purpose:

« Determine operating rule for higher
historical firm yield

Methodology:

« Use same study definition as for previous
practical, [Caledon-Modder]; [Training]

« Change supply priority to Rustfontein
« Determine historical firm yield

o Compare with results from Previous Pr



Run Configuration-dialog System network with penalties
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Changing zone elevations

Rustfontein
(existing):

FSL = 1373.03

1373.03

DSL = 1356.27
BOT = 1354.00

} Live
<o
storage

Rustfontein
(alternative):

FSL = 1373.03

1356.27

DSL = 1356.27
BOT = 1354.00

} Live
<o
storage

Interpretation

« For the operating rule Welbedacht used before
Rustfontein, what is the historical firm yield?

« For the operating rule Rustfontein used before
Welbedacht, what is the historical firm yield?

« Which operating rule results in a higher
historical firm yield?

4. Practical: Evaluating
development options




Purpose Part 1: Methodology

Practical divided into two parts: « Use same study definition as for previous

Part 1: practical, [Caledon-Modder]; [Training]
— Define single target draft, equal to system

AR = 'opment options historical firm yield (= 32.6 million m?/a)

to increase historical firm yield )
Execute model and import results

- Part 2: Create chart to view simulated reservoir
Determine preferred operating rule for volume results (use Normalised-view)

selected development option Focus on Welbedacht, Knellpoort and
Rustfontein

Observations Possible development options

« Welbedacht Dam: « Raise Rustfontein Dam

Maintained at FSL for entire analysis - Raise Knellpoort Dam

« Knellpoort Dam: « Increase capacity of Tienfontein pumping
Under-utilised station (channel 20)

« Increase capacity of transfer from

« Rustfontein Dam:
— 1D Mockes Dam (channel 31)

Used extensively and emptied in the 1933
hydrological year « Increase capacity of transfer from

Welbedacht (channel 121)




2: Methodology Min-max Flow Feature-dialog

Use same study definition as for previous % |2 ]3] x] [ ||| ]3] 2] o]5] ]
practical, [Caledon-Modder]; [Training]
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Yield Results-dialog | Table to be completed

|| —_— Channel 121 capacity and
Newerk| Daa | FisEdn Roos | Mode Capeity| D A corresponding yield results
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Graph to be completed Interpretation

For Welbedacht used before Rustfontein, what is the
yield with a Channel 121 capacity of 7.0 m3/s?

For Rustfontein used before Welbedacht, what is the
yield with a Channel 121 capacity of 7.0 m3/s?

Which operating rule results in a higher yield with a
Channel 121 capacity of 7.0 m3/s?

How does this compare with results obtained from
previous practicals, where the Channel 121 capacity was
1.16 m¥/s?

Historical firm yield (m3/s)

40 50 60 : : What general lesson can be learned from the above
Channel 121 capacity (m?/s) observation?

DWAF (May 2005)




Completed table
A
Welbedacht used before Rustfontein (as for Practical 4)

Channel 121 capacity (m?/s)
Historical firm yield (M.m%a):

Historical firm yield (m%/s)

Historical firm yield (M.m%a):

Historical firm yield (m?/s)

Completed graph

WRYM-IMS
Introductory Training Course

Welbedacht February 2011

End of module

“Rustfontein:

Rustfontein
used before .
Welbedacht

Historical firm yield (m3/s)

4.0 5.0 6.0
Channel 121 capacity (m?/s)

DWAF (May 2005)
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1. Background

Caledon-Modder system

Commissioned by: In Delegated Cooperation with:

o | Foramanisy
for Economic Cooperation
and Development

N

Caledon
Catchment

Thaba Nchu

Purification
Plant 2 [

Spillage
to Vaal River

Caledon River.

Tienfontein
Pump Station

HIGHLANDS Welbedacht
Dam

Urban area
Dams
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- Pipetine Plant 1 :
Watershed
Pumping station
Water puriication
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System network model System details: streamflow

Caledon
Sub-system | Sub-system Incremental

Catchment area
Inflow 1

Tienfontein 2
pump station (km )

Naturalised MAR (1920 — 1987

Pipeline

Inflow 3

Knellpoort

Rustfontein

Inflow 2
Modder River catchment

Purification 1
- ) plant 1 Rustfontein Dam 94
Purification 5

plant 2 26
27

Qoss D

Mockes Dam

System details:
channel constraints and losses

Reservoir Full supply | Dead storage | Live storage Incremental

volume volume volume MAR
Dame (million m®) | (million m3) | (millionm3) | (million m%a)
hannel . .
iuranb:r Description Quantity
Caledon River catchment

_ Welbedacht Dam to demand centres




System network with penalties
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2. Practical: Determining
historical firm yield

Operational details
Mockes Dam used first for system yield
Welbedacht kept full by releases from Knellpoort
No releases from Groothoek
Welbedacht used before Rustfontein

Demand channel 28 takes priority over main system
yield (channel 30)

Demand channel 38 low priority — only supplied if
Welbedacht spills

Spill channel 34 penalty causes change in supply
priority to Modder system (Rustfontein) when spilling

DW

Purpose and methodology
Purpose:
« Develop draft-yield line
« Determine historical firm yield

Methodology:

« Select WRYM-IMS study as defined under
[Caledon-Modder]; [Training]

- Analyse a range of target drafts and
document yield results in table

« Draw Draft vs. Yield-line




Draft vs. Yield-line tudy Selection-dialog
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3. Practical: Evaluating
system operating rules

Completed graph
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Target draft (million m%a)

Purpose and methodology
Purpose:

« Determine operating rule for higher
historical firm yield

Methodology:

« Use same study definition as for previous
practical, [Caledon-Modder]; [Training]

« Change supply priority to Rustfontein
« Determine historical firm yield

o Compare with results from Previous Pr



Run Configuration-dialog System network with penalties
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Changing zone elevations

Rustfontein
(existing):

FSL = 1373.03

1373.03

DSL = 1356.27
BOT = 1354.00

} Live
<o
storage

Rustfontein
(alternative):

FSL = 1373.03

1356.27

DSL = 1356.27
BOT = 1354.00

} Live
<o
storage

Interpretation

« For the operating rule Welbedacht used before
Rustfontein, what is the historical firm yield?

« For the operating rule Rustfontein used before
Welbedacht, what is the historical firm yield?

« Which operating rule results in a higher
historical firm yield?

4. Practical: Evaluating
development options




Purpose Part 1: Methodology

Practical divided into two parts: « Use same study definition as for previous

Part 1: practical, [Caledon-Modder]; [Training]
— Define single target draft, equal to system

AR = 'opment options historical firm yield (= 32.6 million m?/a)

to increase historical firm yield )
Execute model and import results

- Part 2: Create chart to view simulated reservoir
Determine preferred operating rule for volume results (use Normalised-view)

selected development option Focus on Welbedacht, Knellpoort and
Rustfontein

Observations Possible development options

« Welbedacht Dam: « Raise Rustfontein Dam

Maintained at FSL for entire analysis - Raise Knellpoort Dam

« Knellpoort Dam: « Increase capacity of Tienfontein pumping
Under-utilised station (channel 20)

« Increase capacity of transfer from

« Rustfontein Dam:
— 1D Mockes Dam (channel 31)

Used extensively and emptied in the 1933
hydrological year « Increase capacity of transfer from

Welbedacht (channel 121)




2: Methodology Min-max Flow Feature-dialog

Use same study definition as for previous % |2 ]3] x] [ ||| ]3] 2] o]5] ]
practical, [Caledon-Modder]; [Training]

Network Data | File Edit| Resuits | Model Capabilty |

T o e ]

Fealue name [FIFE: WELB T0 BLOEM

Analyse system with range of capacities S T e
for channel 121 '
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+}121 - PIPE CALEDON TO BLOEM 116
Use functionality to determine historical
y D Demand Charnels 118

- - - + 9 General Flow Channels 116
firm yield automaticall
i+ €3 Output Fles S

1 Network Visualser

Document results in table and draw
Channel Capacity vs. Yield-line

Repeat with system configured for both
operating rule options
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Yield Results-dialog | Table to be completed

|| —_— Channel 121 capacity and
Newerk| Daa | FisEdn Roos | Mode Capeity| D A corresponding yield results

[Eomemvid  Symenviad|
ViR

O Wionnlo] [ Dofes g | Vo) Welbedacht used before Rustfontein

CE3 060 CE3

w26 o3t e Channel 121 capacity (m®%/s 2.0

8353 0% 5730

)
% i %
T o s Historical firm yield (M.m?3/a):
Tim i oF)
s o5t w7

2% o5t 25 Historical firm yield (m?/s)

12087 05 575

Gid [TSC ] vAC

Stucy : Water Resource System Anaps User: Update User

DWAF (May

Graph to be completed Interpretation

For Welbedacht used before Rustfontein, what is the
yield with a Channel 121 capacity of 7.0 m3/s?

For Rustfontein used before Welbedacht, what is the
yield with a Channel 121 capacity of 7.0 m3/s?

Which operating rule results in a higher yield with a
Channel 121 capacity of 7.0 m3/s?

How does this compare with results obtained from
previous practicals, where the Channel 121 capacity was
1.16 m¥/s?

Historical firm yield (m3/s)

40 50 60 : : What general lesson can be learned from the above
Channel 121 capacity (m?/s) observation?

DWAF (May 2005)




Completed table
A
Welbedacht used before Rustfontein (as for Practical 4)

Channel 121 capacity (m?/s)
Historical firm yield (M.m%a):

Historical firm yield (m%/s)

Historical firm yield (M.m%a):

Historical firm yield (m?/s)

Completed graph

WRYM-IMS
Introductory Training Course

Welbedacht February 2011

End of module

“Rustfontein:

Rustfontein
used before .
Welbedacht

Historical firm yield (m3/s)

4.0 5.0 6.0
Channel 121 capacity (m?/s)

DWAF (May 2005)
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Case study:

Tugela Basin

Orange River system
Polihali Dam

Lesotho

e
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System

M e

0 QY
A

Lower Vaal Subsystem




A: Current system B: Inclusion of Polihali Dam

: . : e Turn Polihali dam on
e Determine surplus yield in Orange River M ield ch o Polihali D
Project with all downstream demands in e Move yield channel to Polinali Dam
place: e Add channel onto node 143 and abstract HFY
e What is the average flow through obtained in scenario A (37 mill m3/a=1.172
channels 169 & 228: (the lower Orange m3/s) from node 143
demands): e Determine Polihali HFY:
e What is the annual evaporation loss e What is the average flow through channels
from Gariep Dam: 169 & 228: (the lower Orange demands)

e What is the average VDK release, channel 47:

C: Polihali Dam supports Gariep

e Add support channel from Polihali to Gariep (node 63):
general flow channel, with penalty = 50

Change the yield channel’s penalty from 155 to 90
Determine Polihali surplus yield:

What is the drop in yield as a result of Polihali’s support
What is the average support required

What is the average flow through channels 169 & 228: (the
lower Orange demands)

What is the annual evaporation loss from Gariep Dam

What is the saving in evaporation at Gariep as a result of
Polihali Dam

Lesotho Highlands Water Project Subsystem




2. Results

B: Inclusion of Polihali Dam
e Turn Polihali dam on
e Move yield channel to Polihali Dam

e Add channel onto node 143 and abstract HFY
obtained in scenario A (37 mill m3/a=1.172
ma3/s) from node 143

e Determine Polihali HFY: 409 Mm3/a

e What is the average flow through channels
169 & 228: (the lower Orange demands)
2.096 cumec, 21.993 cumec

e What is the average VDK release, channel 47:

103.756 cumec

A: Current system

e Determine surplus yield in Orange River
Project with all downstream demands in
place: 37 Mm3/a

e What is the average flow through
channels 169 & 228: (the lower Orange
demands): 2.118 cumec, 22.278 cumec

e What is the annual evaporation loss
from Gariep Dam: 16.949 cumec

C: Polihali Dam supports Gariep

Add support channel from Polihali to Gariep (node 63):
general flow channel, with penalty = 50

Change the yield channel’s penalty from 155 to 90
Determine Polihali surplus yield: 393 Mm3/a

What is the drop in yield as a result of Polihali’'s support
409 — 393 = 16 Mm3/a

What is the average support required 3.147 cumec

What is the average flow through channels 169 & 228: (the
lower Orange demands) 2.118 cumec, 22.278 cumec
What is the annual evaporation loss from Gariep Dam
15.410 cumec

What is the saving in evaporation at Gariep as a result of
Polihali Dam 16.949 — 15.410 = 1.539 cumec

DWAF (May 2005)




WRYM-IMS
Introductory Training Course

Case study: Namibia
Neckartal Dam Fish River O =N Fish River
Namibia By =




A: Current system

e Check surplus yield in Orange River Project
with all downstream demands in place.
Should be the same as for Polihali case
study current system

e What is the average flow just down stream
Neckartal Dam site (channel 110)

e What is contribution from the Fish to the
Orange (Channel 221)

e What is the total flow at the Orange River
mouth and check EWR (channel 247 & 220)

DWAF (May 2005)

B-2: Neckartal / Vanderkloof

e Move yield channel to Vanderkloof Dam
(Node 143)

e Impose Neckartal Yield as demand on the
dam (use min max channel 300)

e Determine surplus yield available at
Vanderkloof (ORP surplus)

e What is the total flow at the Orange River
mouth and check EWR (channel 247 & 220)

B: Inclusion of Neckartal
e Turn Neckartal dam on

e Move yield channel to Neckartal Dam

e Determine Neckartal Dam HFY

e What is the average flow just down stream
Neckartal Dam site (channel 110)

e What is contribution from the Fish to the
Orange (Channel 221)

e What is the total flow at the Orange River
mouth and check EWR (channel 247 & 220)

C: Include EWR for Neckartal

Use data set as for scenario B:

Include EWR channel 302 from node 301 to 77 (min
max channel two arc penalty 0 — 550)

Include EWR’s using IFR pre-prosessor
Determine the yield at Neckartal Dam with EWR in
place. What is the reduction in yield

e What is the average flow just down stream
Neckartal Dam site and EWR (channel 110 & 302)

e What is contribution from the Fish to the Orange
(Channel 221)

e What is the total flow at the Orange River mouth
and check EWR (channel 247 & 220)

DWAF (May 2005)




C-2: Neckartal EWR/ Vanderkloof

e Move yield channel to Vanderkloof Dam

e Impose Neckartal Yield as demand on the dam
(use min max channel 300)
e Determine surplus yield available at Vanderkloof

Namibia (ORP surplus)

Fish River e What is the total flow at the Orange River mouth
and check EWR (channel 247 & 220)

ORP surplus|Neckartal |Flow d/s Neckartal Fish Outflow Flow at OR Mouth
Scenario Yield Yield EWR Total (Chan 221) EWR Total
description  |(chan 177) |(chan 177)|(chan 302)|(chan 110) (Chan 220) (Chan 247)

mcm/a mcm/a  [mem/a  |mem/a mcm/a  |cm/s mecm/a  [mem/a  [em/s
2- ReSUItS |Base Scenario

Neckartal no EWR

Neckartal & EWR




ORP surplus|Neckartal |Flow d/s Neckartal Fish Outflow Flow at OR Mouth
Scenario Yield Yield EWR Total (Chan 221) EWR J Total
description  [(chan 177) ((chan 177)|(chan 302)|(chan 110) (Chan 220 (Chan 247)
mcm/a mcm/a  [mem/a  [mem/a mcm/a  |cm/s mcm/a  |mem/a  [ecm/s
Base Scenario 37 0 0 376 441 13.969 1051] 4185( 132.629
eckartal no EWR 21 91 0 215 302 9.566 1051] 4081 129.33(
eckartal & EWR 23 73 35 233 306 9.696 1051] 4085( 129.457
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ORASECOM Water Resource Modelling Training Course
For Decision Makers
29 — 30 November 2010

Schedule Traini dul
Start time | Duration raining module
Day 1
10:00 00:15 [Welcome
10:15 00:30 Introduction
Module 1: The Integrated Orange Vaal River System
10:45 01:00 1. Description of the Study Area
11:45 00:15  |2. Improvements extensions - ORASECOM Study
12:00 01:00 |3. Description of Operating Rules
13:00 00:15  |4. Group discussion
13:15 00:45 Lunch break
Module 2: Overview of Water Resource Management
14:00 00:30 1. Overview of Water Resource Management
Module 3: Water Resource Assessment
14:30 00:25 1. Modelling Water Resources Systems
14:55 00:25 2. Basic modelling principles
15:20 00:15  |Tea break
15:35 00:15  [3. Definition of terms
15:50 00:30  |4. Stochastic yield analysis
16:20 00:15 5. Group discussion
16:35 Closure
Day 2
08:30 00:15 |Welcome: Review of Day 1
Module 4: Water Resource Allocation
08:45 00:10 1. Water Use Criteria
08:55 00:40 |2. Short-term Yield reliability
09:35 00:30 |3. Curtailing Water Users
10:05 00:15 Tea break
10:20 00:20 4. Assessing availability for licensing
10:40 00:15 |5. Group discussion
Module 5: Management of Water Resource Systems
10:55 00:45 1. Defining System Operating Rules
11:40 00:30  |2. Practical conciderations
12:10 00:15 3. Group discussion
12:25 00:45 Lunch break
Module 6: Intervention Planning
13:10 00:15 1. Introduction
13:25 00:20 2. Water requirement scenarios
13:45 00:30  |3. Undertaking detailed phasing analysis
14:15 00:15 Tea break
14:30 00:45  |4. Reconciliation Strategies
15:15 00:15 |5. Group discussion
15:15 Close

Agenda-OREASECOM_DM_Training_2day 03/03/2011



ORASECOM Water Resource Modelling Training Course
For Decision Makers
25-janv-11

Sehedula Training module
Start time | Duration 9
Day 1
08:15 00:15 |Welcome
08:30 00:15 Introduction
Module 1: The Integrated Orange Vaal River System

08:45 01:00 1. Description of the Study Area
09:45 00:15 |2. Improvements extensions - ORASECOM Study
10:00 00:10 Tea break

Module 2: Overview of Water Resource Management
10:10 00:30 1. Overview of Water Resource Management

Module 3: Water Resource Assessment

10:40 00:25 1. Modelling Water Resources Systems
11:05 00:25 2. Basic modelling principles
11:30 00:15 |3. Definition of terms
11:45 00:25 |4. Stochastic yield analysis
12:10 00:30 Lunch break
Module 4: Water Resource Allocation
12:40 00:10 1. Water Use Criteria
12:50 00:30 |2. Short-term Yield reliability
13:20 00:15 3. Curtailing Water Users
13:35 00:15 4. Assessing availability for licensing
Module 5: Management of Water Resource Systems
13:50 00:35 1. Defining System Operating Rules
14:25 00:30 |2. Practical conciderations
14:55 00:15 3. Description of Existing Operating Rules
15:10 00:10 Tea break
Module 6: Intervention Planning
15:20 00:15 1. Introduction
15:35 00:20  |2. Water requirement scenarios
15:55 00:20  |3. Undertaking detailed phasing analysis
16:15 00:45 4. Reconciliation Strategies
17:00 Closure

Agenda-OREASECOM_DM_Training_1dayb 03/03/2011



Attendance Registers
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Feedback Forms



Supportto Phase 2 of the ORASECOM
Basm-wnde Integrated Water Resources
Management Plan

Commissioned by:

@ Federal Ministry
fo Ec nmn:[:o operatiol
d Devi ment

For Decision Makers

In Delegated Cooperation with:

25 January 2011
Pretoria

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): _ K ol a)_

Course: ) AEOVE [ T a&A NI L )
e = N 7

Date: 25 - s~ ZeH |

Rate the foIIowmg ona scale of 1 (poor) to 5 (excellent):
1 2 3 @ 5

Food Quality 1 2 @ 4 5

Event speakers

« Pieter van Rooyen..... e 1 2 3 4 B
- Manie Maré 1 2 3 4 @&
o &Y  Ronnie Mckenzie ... 12 3 4 @
Quality of information 1 2 3 4 @
Usefulness 1 2 3 4 @
Meeting your needs 1 2 3 4 @
Overall quality of the workshop........ 1 2 3 4 @
-
Thank you for Any comments or suggestions: O .

your feedback

! ¥l L@/r‘l"ﬂei/\: ) ; t‘} lA} P k= d‘(ﬂ 0N A ';Lu‘z.n‘Q e

Please return this ‘ U \_\ - (
form today or Joddu  coDwy  Vago (‘"ﬁ'Jemﬁ -

fax to +27 12 346-9956

WRP_A0001_Admin_ Course Feedback Forms_Graphic 39.cdr




Supportto Phase 2 of the OiiASECOM
Basin-wide Integrated Water Resources
| Management Plan

Commissioned by:
gtz *IFodEeca'Mm ic Coo p ation
For Deusnon Makers

In Delegated Cooperation wtth

A3 Uraid 25 January 2011

Pretoria

’ - FreedbdCK Forim

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): le f o
Course: g‘mwﬁqfw\—v wvcf/»%/j -

Q(,,.A(.) s Cam Mc&ée‘vg$

Date: - JS,/ /2oy

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 3 4 (B
Food Quality... 1 2 3 @ 5

Event speakers

* Pieter van Rooyen 1 2 3 4 @
« Manie Maré. ... 1 2 3 4 (§
e * Ronnie Mckenzie - ¥ 2 3 4 @
Quality of information 1 2 3 4 (8
Usefulness 1 2 3 4 (B
Meeting your needs 1 2 3 4 @
Overall quality of the workshop........... 1 2 3 4 @
>
Thank you for Any comments or suggestions: \3

o feedback sm“f/‘ f?k'ou[cp 37& QACOLRJVQQI"E_,/-A) w—u-«éwée A

Please return this ‘MLefj f/’)"" Lecinche .

form today or / et
fax to +27 12 346-9956 (IR VLE1 QN ag Il Aailig
£ lﬁmg//wmﬁ, M‘re \Pﬁ?
Declaioll rmebes (eOef

o Crraand . aﬁ

VRP_A0001_Admin_ Course Feedback Fcéms_Graphic 39.cdr




Support to Phase 2 of the ORASECOM
Basin-wide Integrated Water Resources
Management Plan

Commissioned by:

gtz ﬂ;;%'F::’:zz'nmfgz?m Training on Water Resources Simulation Models -Orange

and Developmen’

For Decision Makers

in Delegated Cooperation with:

_ . i o -
e ]

k‘f’* UKa'd oS - 25 January 2011

‘ ‘ Pretoria

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): -4

Course:

Date:

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 3 4(5)
Food Quality......... B 1 2 3 4 (5,

Event speakers

« Pieter van Rooyen... : 1 2 3 4 |5
« Manie Maré............ 1 2 3 4 (5
i » Ronnie MCKENZI€ ... 1 2 3 4 (/5
Quality of information 1 2 3 4 5
Usefulness 1 2 3 4 (5
Meeting your needs 1 2 3 4 (5
ot i 1 2 3 4 (5)
» . Overall quality of the workshop......... "
Group Company.
>
Thank you for Any comments or suggestions: | S s

your feedback

[

Please return this
form today or
fax to +27 12 346-9956

WRP_A0001_Admin_ Course Feedback Forms_Graphic 3S.cdr




Support_t_o Phase 2 of the OHRASECOM

Basin-wide Integrated Water Resources
Management Plan

Commissioned by:

@ Federal Ministry
7Eonomel

and Development Traii]il =
For Decision Makers

In Delegated Cooperation with:

F M 1 B B
4 »~§ > | i
UKal‘-'I s s - 25 January 2011
E Pretoria

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.
Please take the time to complete this form.

Course:

Date: _ 25 / /,7 // 2017/

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 3 4 @

Food Quality..........ooooo 1 2 3 5

Event speakers

* Pieter van Rooyen : 1 2 3 4 @

e Manie Maré....... 1 2 3 4

@
' & * Ronnie MCKeNzie ..o 1 2 3 4 @

Quality of information 1 2 3 4

&
Usefulness 1 2 3 4 @
O,

5

Meeting your needs 1 2 3 4
- Overall quality of the workshop.......... 1 2 3 @
1A Vliya
Group Company;
>
Thank you for Any comments or suggestions: S

o

your feedback

i«%; jeh u’llo%m/f/mr? (f’l A S lZZOa"{" 4’Lme

Please return this
fax to +27 12 346-9956 A

WRP_A0001_Admin_ Course Feedback Forms_Graphic 39 .cdr




Supportto Phase 2 of the ORASECOM
Basin-wide Integrated Water Resources
Management Plan

Commissioned by:

d Development

gtz *lFeﬁeézlnzkch operatiol .
For Decision Makers

In Delegated Cooperation with:

kﬁqUKald 77 M’ .

25 January 2011
Pretoria

- recJUulbUucCi\ Irolinn

Thank you for attending the workshop. Your feedback is

important to us and will assist in the planning of future events.
Please take the time to complete this form.

Name (optional):

Course:

Date:

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 3 @ 5
Food Quality 1 2 3 @
Event speakers

» Pieter van Rooyen.....n. 1 2 3 @ 5
« Manie Maré 1 2 3 @ 5
* Ronnie MCKENZI€ ... 1 2 3 @ S
Quality of information 1 2 3 @ 5
Usefulness 1 2 3 @ 5
Meeting your needs 1 2 3 @ S
Overall quality of the workshop....... 1 2 3 @ 5
]
Thank you for Any comments or suggestions: S

your feedback

Please return this
form today or
fax to +27 12 346-9956

WRP_A0001_Admin_ Course Feedback Forms_Graphic 38.cdr




Commissioned by:

* Federal Ministry
fo Ec omic C ooperatio
d Devt

elopment

In Delegated Cooperation with:

Al Ukaid u‘@ F

-
- A MIya
Group Company.

Thank you for
your feedback

Please return this
form today or
fax to +27 12 346-9956

Support to Phase 2 of the ORASECOM
Basin- w1de Integrated Water Resources
- Management Plan

Training on Water Resources Simulation Models -Orange

For Decision Makers

25 January 2011
Pretoria

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.
Please take the time to complete this form.

Course:

DEC s A ALK A
jﬂﬁ/l—l*‘]’/ﬂ\\/, 2e/1

co LLASC =
Date: 25

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 3 4

S
(@)

Food Quality...... 1 2 3

Event speakers

» Pieter van Rooyen......... 1 2 3 4 @

* Manie Maré......... | 1 2 3 4 @

* Ronnie MCKenzZie ... T2 3 4 @
Quality of information 1 2 3 4 @
Usefulness 12 3 4 @
Meeting your needs 1 2 3 4 @
Overall quality of the workshop........ 1 2 3 4 @
Any comments or suggestions: S

PROPER MANASEMENT o= BRANGE — SENGU _RiviR  BAgw
(T 7MAT B NEORSED £y JOUA(H) MeMBeR STATES

WRP_A0001_Admin_ Course Feedback Forms_Graphic 39.cdr
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Commissioned by:
@ Federal M:mstry
uuuuuuuuuuuuuuuuu
d Develo, m t

In Delegated Cooperation wrth

Thank you for
your feedback

Please return this
form today or
fax to +27 12 346-9956

Support to Phase 2 of the ORASECOM
Basin-wide Integrated Water Resources
Management Plan

Training on Water Resources Simulation Models -Orange
For Decision Makers

25 January 2011
Pretoria

> Feedback Forim

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): TA\)\
Course: U\)Q&ﬂ R Meodel \\«:’? (Dﬂﬁﬁc:ccm\)

Date: 2‘&;'/@‘ [ 1

Rate the following on a scale of 1 (poor) to 5 (excellent): . Sj
VENUE.....oooooeoeeeeeeeesesees 1 2 3 @ 5 ‘fob
Food Quality 1 2 @ 4 5 NVW|O

Event speakers

 Pieter van Rooyen.....eeece 1 2 3 @ 5

- Manie Maré 1 2 3 @) 5

« Ronnie Mckenzie ... 1 2 3 4 (®
Quality of information 1 2 3 @ 5
Usefulness 1 2 3 405
Meeting your needs 1 2 3 @ 5
Overall quality of the workshop........ 1 2 3 @ S

g
Any comments or suggestions: O

&/éJv g MA(//SZ/ Coen v #6

’lf’ Ll—d.—% /1‘4/, = x W?ﬂ 7‘7‘\‘)6.1,61 AQT.
f g LM&{ bR, bz 'R "f’”‘ fdier_Lo 7*Forms Grepmcas? cor




Supporto Phase 2 of the ORASECOM
Basin- wnde Integrated Water Resources
Management Plan

Commissioned by:

th *I oo Copara Training on Water Resourc.es Simulation Models -Orange
For Decision Makers
[ ety s Sose 8 25 January 2011
- Pretoria
r
Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.
Please take the time to complete this form.
Name (optional): C’(\P\\S\\v\ NS
Course: \KE- ¢ Zovoter. WM. [ Weusod Wiz
|
s al
Date: DLﬁ \\ 0(‘\ m\\
Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 < 5
Food Quality....... S 1 2 & 4 5
Event speakers
« Pieter van Rooyen 1 2 3 @ 5
* Manie Maré. 1 2 3 @ 5
A
2  Ronnie Mckenzie — T2 3 & 5
Quality of information 1 2 3 4 5
Usefulness 1 2 3 4 @
Meeting your needs 1 2 3 4 (@
i : 1 2 3 5"
R Overall quality of the workshop...... @
Groum Company,
S
Thank you for Any comments or suggestions: S

yourfeedback s RS, S 4 A e 1 TR i
Please return this VE/EM AL [P STITWTIOMA L & W MIN G‘

form today or

fax to +27 12 346-0956 [V NIG =22 (=AV ;G2 s V= S L4
NW/ /:? M w 4; /Y 0‘;—' / TP :‘j?i?m;n_ Course Feedback Forms_Graphic 39.cdr




SUpport to Phase 2 of the ORASECOM
Basin- w1de Integrated Water Resources
: Management Plan

Commissioned by:

* Fd O:\Mmlséryp ( :
th l Training on Watel Resources Yield Model -Orange
In Delegated Cooperation with: N l Ol [)LLIS]OI] Makelb

Ajukaid

booiersio Tl

29 - 30 November 2010
Pretoria

-4
9 @ reedbdcCiK IFOm

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): _ Obed Gozc
Course:__ 3icAd radol {i\( dsaata b

5 q9—30 Wpy 290

Date:

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue..... 1 2 3 @ 5
Food Quality.... e 12 3 (@) 5

Event speakers

q * Pieter van Rooyen....ooeeoeo. 1 2 3 @ 5
« Manie Maré..........oeeeeeeereee. 1 2 3 @ 5
« Ronnie MCKEeNZi€ ..o 1 2 3 @ 5
Quality of information 1 2 3 @ 5
Usefulness 1 2 3 @ 5
Meeting your needs 1 2 3 @ 5
Overall quality of the workshop......... 1 2 3 @ 5
Thank you for Any comments or suggestions: S 5
your feedback BTt %asmett Dotbd it Trilds |
Please return this ¢ U

form today or
fax to +27 12 346-9956

WRP_A0C01_Admin_ Course Feedback Forms_Graphic 37.cdr




Support to Phase 2 of the ORASECOM
Basin-wide Integrated Water Resources
Management Plan

Commissioned by:

* Federal Ministry
& for Economic Cooperation
and Development

Training on Water Resources Yield Model -Orange
For Decision Makers

In Delegated Cooperation with:

‘.A '4;§\ i : K : 5
Mpueaid =0 N | 29- 30 November 2010
Pretoria

%)
E . reedbacK FONm

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): _SCcTLoColcol "THATo Sery

Course: 1 eANinG oN WRY M For Drcision Magrs

i /A "
Date: 21 _AND 30 NﬁVZMIQis’L 2010

Rate the following on a scale of 1 (poor) to 5 (excellent):
VENUE ... 1 2 3 4 X

Food Quality.......oooooeeeeeoee 1 2 3 4 K

Event speakers

T * Pieter van Rooyen....... 1 2 3 4 K
« Manie Maré 1 2 3 X 5
* Ronnie Mckenzie , 1 2 3 4 X
Quality of information.. 1 2 3 4 ,5\/
UsefulNess ... T2 3 4 XK
Meeting your needs 1 2 3 4 K
Overall quality of the workshop......... 1 2 3 4 %
Thank you for Any comments or suggestions: O .
our feedback , / _ \ . = '
y /(/(/\\(' 5% O £c ~ U HE COUJ_SZ (o /)S S
Please return this < < & —_
form today cl>r AV D d ¢ I f@ A LC /V(/S!‘(Lc ca/cg: /9 . t u’ o
fax to +27 12 346-9956 Mini1$TERLS . WHo  ULTTIMKTEC MrkE Decig/on

WRP_AQ001_Admin_ Course Feedback Forms_Graphic 37.cdr




Support to Phase 2 of the ORASECOM
Basin-wide Integrated Water Resources
* Management Plan

Commissioned by:

* Federal Mini
for Ect anlcC operatiol

and Development

Training on Water Resources Yield Model -Orange
T O—— For Decision Makers
A3 Ukaid m‘ﬁ" F : P

29 - 30 November 2010
Pretoria

e bt

- @ reeupuu&ruuu

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional):

Course:__ 4/ 7@§ ™ &£ W7€ ﬂm
Date: 30%//1 0

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue.. Ml OEFLCES 1 2 3 4 5

Food Quality.......eoeeeoeoeeieeieeeer. 1 2 @ 4 5

Event speakers

- Pieter van Rooyen........... 1 2 3 [4 5
! ol | DY S —— 1 2 2 @ 5
* Ronnie MCcKENZI€ ... 12 3 @ S
Quality of information 1 2 3 @ 5
Usefulness 1 2 3 @ 5
Meeting your needs 1 2 3 S
Overall quality of the workshop....... 1 2 3 @ 5
o
Thank you for Any comments or suggestions: S
your feedback SNARE OF THESE TRA~ AL COursES -

Please return this /,\[5[@&_0)4/6 o NMERF SEA ﬂf&;,

form today or
fax to +27 12 346-9956 ik ses #2 (oold £ Good.

WRP_A0001_Admin_ Course Feedback Forms_Graphic 37.cdr




Commissioned by:

* Federal Ministry
2 for Economic Cooperation

and Development

In Delegated Cooperation with:

A3 Ukaid

e ¥ tarmaren Devcpmart

Australian Government

Aid Program

Thank you for
your feedback

Please return this
form today or
fax to +27 12 346-9956

Support to Phase 2 of the OR_ASECOM
Basin-wide Integrated Water Resources
4 Management Plan

For Decision Makers

29 - 30 November 2010
Pretoria

- FeeddCK IFolm

R — =

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional): Tealpy, /ﬂm\om/f
Course: WRYW - Jrguie - b Docisow Mhtvers

Date: 29- 80 Neowmber _20/0

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue......c 1 2 3 @ S

Food Quality,.......ooooo 1 2 3 @ s
Event speakers

* Pieter van Rooyen.....cee, 1 2 3 4

v
* Manie Maré...... . 1 s 3 4 @
e

Quality of information 1 2 3 4 @
Usefulness 1 2 3 4 (B
Meeting your needs 1 2 3 4 l5j
Overall quality of the workshop.......... 1 2 3 4 B
o
Any comments or suggestions: Q o

Mppt lime g écomvmf’c [ONS//);EIZﬁT/OA‘S (/;ac,o.- ea‘mwmc"c)

WRP_AQ001_Admin_ Course Feedback Forms_Graphic 37.cdr



Support to Phase 2 of the ORSECOM
Basin-wide Integrated Water Resources
| Management Plan

Commissioned by:

* Federal Ministry
&3 for Economic Cooperation

and Development

In Delegated Cooperation with:! 2 l—: () r D e C i S i O rl M 3 l(e FS

29 - 30 November 2010
Pretoria

* °  FreedbdcCkK Fornm

Thank you for attending the workshop. Your feedback is
important to us and will assist in the planning of future events.

Please take the time to complete this form.

Name (optional):

CUsjo MAlERS

Date: SO [(( o

Rate the following on a scale of 1 (poor) to 5 (excellent):
Venue 1 2 3 4 @

Food Quality............. .1 2 3 4 5

Event speakers

i « Pieter van ROOYeN......oe 1 2 3 4 (B

* MANIE MATE....cooosss 1 2 3 4 (5

* Ronnie MCKeNZie ... 12 3 @

Quality of information........ccoevcrcc 1 5, 3 4 @

Usefulness 1 2 3 4 (57

Meeting your needs 1 2 3 @ @

-3 i 1 2 3 4
. Overall quality of the workshop....... ﬁ @
Group Coampany:

o
Thank you for Any comments or suggestions: S ®

your feedback

Please return this
form today or
fax to +27 12 346-9956

WRP_AOCO1_Admin_ Course Feedback Forms_Graphic 37.cdr




Support to Phase 2 of the OR‘ASECOM
Basin-wide Integrated Water Resources
Management Plan

Commissioned by:

th *IFdE IMm c st
E—— i For Decision Makers

29 - 30 November: 2010
Pretoria

* @ Feedpacik FolIm

Thank you for attending the workshop. Your feedback is

important to us and will assist in the planning of future events.
Please take the time to complete this form.

Name (optional): /( C @Yﬂc&;—zﬁg/\

Course:

Date: L/j}ﬁ -Z=> pNod e’/’@/\

Rate the following on a scale of 1 (poor) to 5 (excellent):

Venue....eeeeeeeeeeeree. 1 2 3 >K S
Food Quality........c..ccoooo. 1 2 3 XK 5
Event speakers
' * Pieter van Rooyen......e. 1 2 3 X‘ 5
s Manie Maré.....oeeeeeeeeee 1 2 3 }( 5
* Ronnie MCKENZI€ ... Tt 2 3 \V4< 5
Quality of information.................. 1 2 3 4 X
Usefulness 12 3 4 \;5<
Meeting your needs 1 2 3 4 ><
Overall quality of the workshop....... 1 2 3 4 X
K]
Thank you for Any comments or suggestions: . o

your feedback

Please return this
form today or
fax to +27 12 346-9956

WRP_A0001_Admin_ Course Feedback Forms_Graphic 37.cdr




Support to Phase 2 of the ORASECOM
Basin-wide Integrated Water Resources
Management Plan

Commissioned by:

* FdE LMmcsgvp ation
th | na Davelapmen Training on Water Resources Yield Model -Orange
—— . For Deuslon Makers
Mpuad 5 J E 29.- 30 November 2010
C T Pretoria

| ° reedpdCiK Forhmn

Thank you for attending the workshop. Your feedback is

important to us and will assist in the planning of future events.
Please take the time to complete this form.

Name (optional): L enlha Thamae
course: PR Miald ool foe Necivesn Mages
Date: "»UDV‘\’/“,,/@(0

Rate the following on a scale of 1 (poor) to 5 (excellent):

Venue 1 2 3 4 (B
ﬂdu—(’( L/c—s'w
Food Quality.._ R¢ssl.onfne.l 1 2 3 (@ 5
Hie <loys.
Event speakers

r * Pieter van Rooyen...... 1 2 3 4 &
- Manie Maré... 1 2 3 4 @
« Ronnie Mckenzie ... > 1 2 3 4 @
Quality of information 1 2 3 4 6B
Usefulness 1 2 3 4 @
Meeting your needs 1 2 3 4
Overall quality of the WOrkshop ................. 1 2 3 4 5
=
Thank you for Any comments or suggestions: O

your feedback

Please return this
form today or
fax to +27 12 346-9956

WRP_AOQQ01_Admin_ Course Feedback Forms_Graphic 37.cdr




APPENDIX B2:

Course Presentations






Objectives (1 of 2)

Training and Technology Overview of:

Transfer Workshop

T —————  Study area and related sub-system

Improvements by ORASECOM Study
Wém Description of operating rules IOVS

and introduction Water resource assessment
Water resource allocation

Management of water resource systems
Intervention planning

H H Welcome and introduction
O bl eCt I Ves (2 Of 2) Module 1: Introduction to IOVS
. . 1. Description of study area & related sub-systems
ACh |eved by means Of . 2. Improvement s by ORASECOM Study

3. Description of Operating Rules
. Conceptual presentations 4 Group discussion
> Lunch break

° Dem onstrat i ons Module 2: Overview of water resource management
. . 1. Overview of water resource management
L4 G rou p d Iscussions Module 3: Water resource assessment
1. Modelling water resource systems
2. Basic modelling principles
> Tea break
3. Definition of Terms
4. Stochastic Yield Analysis
5. Group discussion
> Close




Module 4:

1. Water user criteria P t

2. Short-term yield reliability resen ers
3. Curtailing water users

> Tea break

4. Assessing availability for licensing . .
B Ronnie McKenzie (WRP)
Module 5: Management of water resource systems

1. Defining system operating rules

2. Practical considerations Manie Mare’ (WRP)
3. Group discussion

> Lunch break

Module 6: Intervention planning .

1. Introduction Pieter van Rooyen (WRP)
2. Water requirement scenarios

3. Undertaking detailed phasing analyses

> Tea break

4. Reconciliation Strategies

5. Group discussion
Close

Training and Technology
Transfer Workshop

29 & 30 November 2010

End of module




Support to Phase 2 of the ORA
Integrated Water Resources Manage
Vaal River System Annual Operating Analys

i Defining‘sém

operating rules

2. Using “penalties” to
define operating rules

1. Background

Penalties

Tool for implementing selected operating
rules in model

Dimensionless value assigned by analyst
to system components:

- Channels: for every unit of flow
- Reservoirs: for every unit of water in storage
Interpreted by comparing relative size

Basis of model flow-routing solution




Penalty selection (1 of 3)

2m¥s P=5

T A

2m¥s P=5

2m¥s P=11

e A

| Flow = 2 m3/s |

| Flow=2m3s |

Penalty selection (3 of 3)

2m¥s P=5
N

_/ Flow3
y <

4 User

Flow 1 = 0 m3/s
Flow 2 = 2 m3/s
Flow 3 =2 m3/s

Flow 1 =2 m3/s
Flow 2 = 0 m3/s
Flow 3 =2 m3/s

21.0 {

Penalty selection (2 of 3)

Flow 1 =2 m3/s
Flow 2 = 2 m3/s

Flow 1 = 0 m3/s
Flow 2 = 2 m3/s

« 30m?¥s (Pri. 8)

\ Recreation

~ N -

=

20 m¥/s (Pri. 7)

Tm¥s (Pri.g) 'Mmigation

Flow 1 = 0 m3/s
Flow 2 = 0 m3/s

10 m¥s (Pri. 5)
11.5 < 1m¥s (Pri.4)
0.5 m¥s (Pri. 1)

Urban

EH_E%FE%EM - \ .’

1 m?¥s (Pri. 2)
Ecology
~ >4
— ~
s\ 7 ) S
~ / Industrial
4 m¥/s (Pri. 3)




Network model with penalties Case 1: Reservoir in Zone 1

10md¥s P =20 10m¥s P=20

11.5< 1m¥s P=200 |<--{ Water level 5< 1m¥s P=200

0.5 m¥s P = 1200 P 0.5 m¥s P = 1200

Lo/ P

30m¥s P=2 1m¥s P =750 30m¥s P=2 1m3s P =750

Recreallon Recreatlon

f'\ n f\

N/ W(2)
[riosin/

2104 20m¥s P=5 4ms P =500 10 d 20mis P=5 4m¥s P =500
. 1m¥s P=15 .

3, -
1m¥s P=15 15 5 = channel flow in m“/s

Case 2: Reservoir in Zone 10 Case 3: Reservoir in Zone 100

10m3/s P=20 10m¥s P=20
115< 1m¥s P=200 _ 4 1m¥s P =200

3, - 3, -
|<--{ Water level 0.Slmy Sligski200 5= 0.5 m¥s P = 1200
M P= [«--{_Water level

30m¥s P=2 1m¥s P =750 30m¥s P=2 1m¥s P =750

Recreallon f-\ f\
4

=G @
17 5 H d 6.5 H X
I 40| 6
YA l

210{20m35p_5 4m¥s P =500 - 4m¥s P =500

s P=1 : =
1ms 5 16.5 = channel flow in m¥/s 9 7 15 5 = channel flow in m“/s




Case 4: Reservoir in Zone 400

10m¥s P=20
0.5 1m3s P=200
0.5 m¥s P = 1200

[ { Water level

30m¥s P=2

1md¥s P =750
L] L]
1 "4
4.0

7 >
1.0
6

1

5.5

3 =
21'O{ZOm s P=5

4md¥s P =500
1m¥s P=15

16.5 = channel flow in m¥/s

1-arc channel

Configuration

Flow = 0 to X;
Penalty = P

Standard notation

0 to X P

Case 5: Reservoir in Zone 1000

10m%¥s P=20
P=1 05< 1m¥s P=200
P=10

0.5 m¥s P = 1200
P =100

P = 400

P = 1000 <---| Water level
05| 4
30m¥s P=2 1m3¥s P =750
2 AP . D ;
3 > > 7 >
0.5 . 0.0

0.0f 2

ATy

3 - 4mds P =500
21.0 20m¥s P=5
1m¥s P=15

16.5 = channel flow in m%s

2-arc channel (1 of 2)

Configuration

Flow = XtoY (usually Y = X);
Penalty = 0 (usually)

Flow = 0 to X;
Penalty = P

Standard notation

XtoY
0 to X




2-arc channel (2 of 2) Modelling reservoir penalties
Defined in terms of “storage zones” and

“rule curve level”

% YAZZTVPN : : : For each zone, 2 data values defined:

» 2
- Elevation of lower zone boundary

- Zone penalty
Penalty relation to rule curve:
‘. - Above: “dis-benefit” of water in storage

o] _ Below: “benefit” of water in storage

Standard reservoir notation Example: Heyshope-Grootdraai transfer (1 of 2)

P, (10)

Zone level

P, (50)
P, (10 000)

DSL
Bottom




Example: Heyshope-Grootdraai transfer (2 of 2)

Spill  Compensation
54

53
TeT a6t [ 0
o3 54 oot

Heyshope

1547.99 (90 %)

1533.00 (DSL)

45
O™ [ 0]
0to TD

47
) 0.13t00.13
Compensation

Support to Phase 2 of the O )
Integrated Water Resources Manage
Vaal River System Annual Operating AnalysiS

Commissioned by: In Delegated Caoperation

R | Focera iy water affairs
8 | for Economic Cooperation Depmrrt

and Development ) 2
REPUBLIC OF SOUTH AFRICA




ge Senqu River Catc

o ana, Lesotho, Namibia & RSA
chment area 1 000 000 km?

* RSA — 580 000 km? (59%)
[ *“Namibia — 260 000 km? (26%)

b - Botswana — 120 000 km? (12%)
1‘&esotho — 32 000 km?2 (3.2%)

" INTEGRATED ORANGE -
"WAAL SYSTEM NETWORK
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Integrated Orange /Vaal system

R P4 Northern Go_uveng ,,,,,,,, Komati E——
Junciion node (Crocodile)
T Jerichoto
! Nootgedacht o Nootgedacht
it tetoGanng b
Usutu
Southern Olifants atons (Upper)
P— ooy Gauteng (Upper)
o Heyshope fo
"y Morgenstond
Transfer channel Vool Dom &
Groofdoai fo Sasol &
Power-stations hopeto | Assegaal I
»  Rworchonnel i Gioofdraa (Uppen)
e
k. |
Zoaihoek o

Dielfo | Grootdioal
Stoiiontein |

Fish River
(Namibia)

Mol
[Numolglou ‘—{ RleﬁModdelI- i
Botswana, RSA) pougos A N
Weir '

.- Knelpoort & | Katse fovoal
Vandeiioof fo Webedacht ! Tonser
Orange | RieiModder Dams |

&= o =

VaalOrange Oronjedroai
confluence:

Afiantic
/' ocean

i Gariep o OrongeFish funnel

Simplified Key Schematic |wen cnpe|

T gﬁ}l System Storage Traj

Total Vaal River system storage (from May 2000 to May 2010)

13000

F
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11000
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|Actual Syst it el
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Total Storage (Mm?)

4000

3000

[Dead jinimum Operating Storage |

2000

1000

1

0
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
May May May May May May May May May May May

Year

2 . 3 IVRS Major Reservoir:

Catchment Dam Name Gross Natural MAR @) FSC ® FSC as % of Total
Area (km2) (million m%/a) (million m3) System Storage
INooitgedacht 1588 66 78 0.7
[Vygeboom 3132 194 83 0.8
IMorgenstond 548 56 101 0.9
Eesloe 533 44 61 0.5
ericho 219 24 60 0.5
ssegaai Heyshope 1120 129 453 41
ﬁaihoek 622 100 185 1.7
loodstock 1171 433 373 34
rootdraai 7995 458 350 3.2
terkfontein 195 18 2617 23.6
/aal 38638 1977 2610 23.5
Bloemhof 108 125 3315 1240 1.2
Katse 1867 552 1950 17.6
Mohale 938 305 947 8.5
Total : 11109 100.0

(&) : MAR = Mean Annual Runoff
($) : FSC = Full Supply Capacity

[ o |

MODLE VAL WA |

LOWER VAAL WA

UPPER ORANGE WA

w
Integrated Vaal system

"""" et = Ll

Komati
sub-systel

Heyshope
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BOTSWANA amati-Olifants | e
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Fig 3.2: Ci i of Net Water

Losses

10% Large Industries ‘

14%
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T 32000 I e i e
g
H
E 31000
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i \//
3 30000 S

Total Demand at 2010

2900.0
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—=— Scenario A (2010/2011 AOA) —&— Scenario B (20102011 AOA)
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aal Small sub-sys
Demand distributio

aal River Confluence a
Vaal Douglas

Mining Rural

Losses Urban

2%

Livestock
12%

e wome |

ORANGE RIVER SYSTEM
NETWORK

Caledon

Modder
System




Orange River Syste

, Oray"ée River System sub-divided into
in sub-systems and several small sub
ystems:

1 Lesotho Highlands (Katse & Mohale)
2 Caledon Modder (Welbedacht,
. Knellpoort, Rustfontein, Mockes &
" Groothoek dams)
-3 Orange River Project (Garlep &
¢ \Vanderkloof dams)

Sterkioniein —

ToVaal Dam  Dam {, W
ph
0
Fouriesburge A Wcodstack
/ \» Dam
i '- &
nergwle
LIC]E\B Basin

Ilok.hwlbllu

Orange System Transfers
2005/06 (million m3/a)

Sterkiantein

To Viaal Dam DBam )_r"
il I
Vaal Basin : 37km t\?\ (
somzem] g 45me Do
Fouriesburge 3 A7 Woodstock
40m¥/s r" \ Ly “
7 o e e
Fichasurg Lerioe A L
RN damp | 5
Y { ’;\ 1]
| 32km
Y 7 44me 5.6km
~ | 33mys r'| 3.8mg
MASERU <\ = % otnotiong
s
| Mohale % Katse 185m Polihali 164m
14r5mh .‘;} 38km N
2! { 5mg
d’ b 16 mY/s
u.’ L
\
,/ Lesotho

' uonales Hozk. '

s“”

I
Fhase 2 (New) of the Lesotho Highlands Water Project
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don Modder sub-s

100 ‘Modder ! -Caledon
Grooth sub-system : sub-system

x
b
“Tienfontein
pump station
-Pipeline 9

*Knellpoort
Dam

“Rustfontein

I
I
I
I
I
I
Dam I
1
1
1
1
1
1

Novo Transfer

g

Total system yield + 3 300 mcm/a
Current surplus + 100 mcm/a

ariep Dam storage cap 5 340 mcm

BloemWater Demand Projection

130.00
120.00 —

110.00 /
100.00 /
90.00
80.00
70.00
60.00

Demand (million m3/a)

2010 2012 2014 2016 2018 2020 2022 2024

Years

.o

demands upstream of Vaal conflue

dro-power generation at both dams
' 2200 mcm/a Gariep — 2100 mcm/a Vdkif

“Orange Fish Transfer Scheme 650 mcm/a |
-+ Vanderkloof Canals Scheme 330 mcm/
“Orange Vaal Transfer Scheme 140 M
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nge River Project (

in Rural/Urban demands Lower Orange
ros-Geelkoppen Rural WS Scheme ‘
' Kalahari-West Rural WS Scheme
F eIIadrlft WS Scheme

o Sprmgbok Regional WS Scheme

-‘Urban Industrial & Mining — Prieska
flpmgton Alexander Bay, Oranije ﬂ-,,‘
Rosh Pinah, Noord Oewer, et o

r

. ORS Eastern
Cape
 Demand

% Centres
>

r

N

nge River Project (

in irrigation Schemes Lower Orange
egoeberg Scheme

' Upington Scheme

akamas Scheme

"+ Onseepkans

A Xioolsdrift

* Noordoewer & Aussenkehr
‘s Irrigation abstractions directly f

wl
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Lower Riet River
Irigation Board area
Modder River Governmer

by Water Schome area
Biehio IMigeton scoaburg mgation -/ 3500 ha
v area

Krugd
Dam)

e

Tierpoort Irrigd
Board area

Fouriespr
Dam

N ot
N

/ ol \\\ i
/oo \ f
et )
/ \\\ /

! s

1

1

il

1

L

=1 irigable tand
e Canals
@  Pumpstations

Catehment boundary

r Orange Demand

Kalahari West rural
water supply scheme

Karos-Geelkoppan rural water
h
/supply scheme

| NAMIBIA

Rosh Pinah

S}(orpio.r\_ " Q‘
eS8 Se Komsberg to
Noordoewer

i
i
i
i
i
i
i
i
i
i
:
| Lower Vaal
i
i

Aussenkehr  Irrigation A

1440 ha

irrigation area
= Boegoeberg Dam
A '« irrigation area
loordoewer \1470 has /s \ 9800 ha

/ »
Kakamas akae
irrigation area10800 h

Upington irrigatiol
Namaqualand a,‘;ag 9

irrigation area Pelladrift water

supply scheme

15430 ha 15450 ha

Springbok "\ Springbok regional
water supply scheme Middle Orange

irrigation area
SOUTH AFRICA

e Canals

....... Pipelines

MWRP_PO0TS Graphics Figéc oo




Augrabies Falls

P Demand Distribut

Operating
Losses River 1
8% Evaporation

19%

ORRS EFR
9%

Urban Industrial
ORP Gross Demand 2010 Mining

3200 million cub. m/a

Demand (mcm/a)

Summary of Main Demand Components

5000

4500

4000

3500

3000
2500

2000

1500

1000

2010 2015 2020 2025

++++ Total Urban Demand
== Total Transfer Katse to Vaal Dam
=Total Orange River Demand

= Total Irrigation Demand
= +Total River & Operating requirements
= Demand Imposed Gariep & Vanderkloof
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gton Area Flood Irriga
nd Centre Pivot irrigatior

Urban industrial Rural )
4% ural Domestic
Losses 3%

1% Livestock

9%
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TOTAL
RIVER FLOW,
"""""" LOSSES 3,530
= 4 MAXIMUM
| Yied gven in milon RESOURCE
Historic Fim Yield fom Dam POTENTIAL
| @+ s s v somoam 1,430
| [ Je—catesonode system Hitorc Fim viel S TETAY 4D

[} Orange River System Historc Firm Yield DEVELOPMENT

[Fes}e— LHW Phase 1 Noinal Annual Yield CURRENT MAX.

PARTIALLY DEVELOPED N BY
6,005 FUTURE
FULLY DEVELGPED

5975
ag8
RKC I R
SOUTH AFRICA
[CURRENT
1,060 uTILISATION
2
1,038 5,066

_____ NAMIBIA [E—
ENVIRONMENTAL
REQUIREMENT

CUMULATIVE WATER BALANCE INCREMENTAL
VOLUME CCOMPONENT VOLUME
(million cub. m/a) (million cub, m/a)




‘ vﬁyl #4 |BZ ...

Adding hydrology for following sub-
catchments:

* Inclusion of Lesotho Lowlands Identified
S’chemes — Hlotse, Hololo, Makhaleng &

Metolong Dam J

Updated hydrology for Usutu & Koma

§ /stems — Obtained from

ending of existing hydrology to 2004/
dding hydrology for following sub-

" amv ifants, Aub, main Nossob & small .
“u tributaries along Lower Orange
+ Botswana/RSA - Lower Nossoy anc
: Molopo A
SA Kuruman, Ongers, F

- & small tributaries along

¢ Disaneng dams also Kuruman, Molopo
| eye & others

' Viljoen, Nauaspoort & Oanob dams
Ongers sub-system — Smartt Synd\ix

+2011/03/03



RS & Orange System
Towns — All town study projections

Irrigation task -
Y |

pdated irrigation data from ORASECM

Recent Molopo

[

Recalibration of 7 \Stuc‘lly Hydrology
Hydrology bl Y
¢ =t ey
Sy Extending
=~ 4 Hydrology Limited |.
o= n Recalibration
- /-\’"- - N_J’
SWR 2004 Improved f~>{ = 1oy
Simulate based Hydrology wa
SWR 2004 LT oy
Improved | 78 : K“i oA
Hydrology \ Tk <
y i.; \

?v Upper Orang

e Lesow

Riet/Modder Subsystem e

Lesotho Highlands Water Project Subsystem
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Thank You

UPPER MOLOPO

olopo sub-syst

LOWER MOLOPO
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Integrated Orange /Vaal system
0 -~ Rotum How «------ Mor:ge';nc;g;gfnsl rrrrrrrr 1 Komati |' """""

B Voo Gaueng | povetonors
: z Usutu
: Jeichoto
Gauteng H (Upper)

Upper Vaal &
Middle Vaal VaalBarrage [

Lower Vaal

>Am:rmc )

o v )
Commissioned by: L=/ range | W/

¢ t Z ﬁ Federal Mini s = o nf Yotronge niecroci
g | f"'fﬁ""";" |||||||||| { Am. * Gariep fo Orange/Fish tunnel
o : ’ Simplified Key Schematic |.gen ca,,e|

nellpoort, Rustfontein, Mockes&, e
roothoek dams) '

G o
} Orange River Project (Gariep &
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edon Modder sub-s

100 ‘Modder ! -Caledon
Grooth sub-system : sub-system

HWP Operating Rule

‘gases to RSA based on agreed schedt
hased in over time. Reached the maximur
ansfer volume 2009 — 780 mcm/a

0 releases to support downstream dams
IFR releases from Mohale and Katse
™
>

-
‘ﬂ-‘\’

, ;«af edon Modder Operai
E Principals (1.2
WV aintain Assurance of Supply

"Primary objective of the operation of CM:
" is to maintain the assurance of supply to |
wusers

gstriction of Demands }
'-"«The operation of the CMS is based on

triction of Demands

¢ Obijective is to reduce supply to less
- essential use to protect the assuranci
 of supply for more essential use '

-+ The basis on which restrictio
¢ implemented is defined by m
~ user priority classificatio

-t




; ity Classification
; I Modder Sub-system

“from Tienfontein

' 7 When not sufficient water in Caledon®
" start to use 40% in Rustfontein

- 8 Remaining 80% in Mockes
.-,.\9 Remaining 60% in Knellp

- ¥
 Bloemfontein is supplied with water fra
it's resources in the following order '

% of the water demand to be supplied
Category 1: 200 year 1: 100 year 1:20 year
(99.5%) (99%) (95%)
Urban 50 30 20
Losses 100 0 0

el

+2011/03/03

_* 3 Upper 20% storage in Mockes Dam
: 4 Rustfontein until it reaches 40%
* 5 Water is then transferred from

*'.

Min % °\
................... 0.5%
—_——1%
—— 5%
O 10%
2% Percentage of
- % e SIS
759 value
®  90%
—L— 95%
-——— 9%
................... 99.5 %
Max %




Knelpoort Dam Rustfontein Dam
g T 200

=
- Maintain Assurance of Supply

rimary objective of the operation of O F
is to maintain the assurance of supply to
users

X
- Hydro Power Operating Rules

Secondary objective is to |mplement ru

that will maximize the hydro- power

. benefit without jeopardizing the '
- rassurance of supply to the us

range River Project "l

"'f:? Operating Principa
"',
A

striction of Demands

The operation of the Orange River Proje
ariep and Vanderkloof dams) is based
on the principle that demands are

| restricted during severe drought

| "¢ Obijective is to reduce supply to less

« essential use to protect the assurance

~ of supply for more essential use
- The basis on which restrictions a

| implemented is defined by m

-~ user priority classification

+2011/03/03



Priority Classificati
DRP Sub-system (% basis

* River releases according to downstream
demand pattern

. Additional releases if surplus allocated f

% of the water demand to be supplied
Category 1: 200 year 1: 100 year 1:20 year
(99.5%) (99%) (95%)
Irrigation 10 40 50
Urban 50 30 20
Losses 100 0
Environmental 68 32

i

~m—

ORP Operating Rule

arger Orange River System

‘Storage dams upstream Gariep &
" Vanderkloof not used to support Gariep &
«Vanderkloof dams

# Only releases for

> + Environment o
+ Compensation to use S
N + Spills :
S

;’T? iderkloof Storage C

Vanderkloof SCC
1171

z
§1170.5 100%
%— oot
3
= 1170 98%
1169.5 95.9%

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Months
VdrkIf FSL eeeec-- Vdrklf SCC- May 2009 Vdrklf SCC- November 2009
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' Releases through Orange/Fish tunnel based
Operational model

eleases into the river also used to generate HP.

- River releases according to inverse of the
downstream demand pattern

- Additional releases if surplus allocat

_* Additional releases for HP if wate r
'\storage control curves

- Q rap’ge and Vaal River systems are ope
separately

he only links are:

he transfers from the Senqu to the Vaal

_ supply situation in the Orange d/s of the LHWP or.in.th
_ IVRS

gpills from the Vaal to the Orange

perating rule of IVRS minimizes spills from
Vaal into the Orange. Spills from the Vaal do

" % however enter the Orange during per C
_runoff and as result of operatlng los
irrigation return flows in the r

ep Storage Control

Gariep SCC
1259
............ 0,
12585 I - 100%
= . P I
£ s == T
g 1258 —
e 95.8%
3 12575
1257 92.7%
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Months
GariepFSL ~ eeeeees Gariep SCC- May 2008
= -« =20%SCC May 2009 = SCC Nov 2009
il —

St all Orange sub-sys
Kalkfontein, Krugersdrift, Tierpoort,

Groothoek, Rooipoort, Smartt Syndicate
~Naute, Hardap,etc

1ese dams use an in-house rule in practlc

)\ current WRPM — Supply demand until
m failure occur then supply whatever is
a)(allable :

* Proper scientific operating rules to
developed ,

Hardap in Namibia — operatln‘ ‘
.developed
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ity Classification
Dam Sub-system (% basis

>

Priority Classification & Assurance of Supply
Low Medium High
User Category
80% 90% 95%
1in5year 1in 10 year 1in 20 year
Urban/industrial 0% 0% 100%
Irrigation 83% 17% 0%
Losses 50% 0% 50%%
s LS '
g

Ti

grated Vaal River
y Principals (: o2

General Operating Principle

st be operated as an integrated system
irrespective of who owns or operate each
component of the system

tain Assurance of Supply
- Primary objective of the operation of IVRS i
maintain the assurance of supply to user
Cost Saving Operating Rules

= Secondary objective to implement cost
1 ,operatmg rules during wet hydrol
‘when dams are full. 4

RDAP Curtailment ‘

CurtailmentCurve For Hardap Dam

210

I I I I I
3 T T T U U T
200 +

Operational Full Supply Storage 206.10 million cub. m.

190 £

180
170 £
160 |

150 -

| | | [ N 1
Low | Medium | High |
70 £
60+ \\
50 -
a0 £ \ T
30 N
B I I [ Minimum Storage 2.63 million cub. m.
10 © 1 ] | \‘{—‘é; [ I
0
o 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3

Principals (1.2
triction of Demands

e operation of the IVRS is based on the
. principle that demands are restricted during
severe drought events.

Objective is to reduce supply to less
essential use to protect the assurance of
supply for more essential use.
¢ The basis on which restrictions a
implemented is defined by means
'« priority classification definition.
> ™) i

2
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Priority Classificati
« for IVRS (% basis)

Priority classification & assurance of supply

User category Low Meduim High
1in 20 yr 1in 100 yr 1in 200 yr

Irrigation 50 30 20
Domestic 30 20 50
Industrial 10 30 60
Strategic indust 0 0 100
Losses 0 0 100

« Trigger levels are used to control the event when
transfer should commence or cease to prevent a
dam from spilling or to reserve water for use by local

~_users not benefiting from transferred water.

"
« Short term yield capability of sub-systems
Pe Short term yield versus demand - When bal
negative transfer/support will occur if sul

" % available from other sub-system. Whel
~ can not be obtained curtailments w

RS Operating Rule

ated Vaal River System

* Annual Operating Analysis (WRPM) used a
decision support system to analyze & assess
“different scenarios of operation to determine
the appropriate operating rules for the
subsequent 12 months (1 May starting
~storage levels)

- The operating rule involve controlling the
transfer of water between reservoirs &
“sub-systems and the draw down of dan
the system. &
4 El’vb}‘; main trigger mechanisms are used to ¢

. volume & timing : dam levels & short te
characteristics

ﬁ'n grated Vaal River S

- Vaal River System and all the sub-syste
ming the IVRS are operated as one
em:

1 Bloemhof & Grootdraai

-13 Komati

3 Usutu

- 5 Assegaai — (Heyeshope)
N

'
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wooiE sl v |

UPPER VAAL
WA

o LOWER VAAL WA

UPPER ORANGE WIMA

e 7
Integrated Vaal system

To Eskom PS

in Olifants To Komati Westoe Dam

A - Y

Q
< Q Jericho Dam

Camden 2 <
Mpama River
A Y
Ngempisi River A ' Morgenstond
Dam

A
To Vaal River < < <

‘Assegaai River

Heyshope Dam

A Amot

Duvt gﬁnna A Wintershoek Bosioop.
Witbank > @( @ < < - < =)
e R °; ] )

Gladdespruit
o
Y
@ < E; - Komati River
Komati Kiipfontein Gem‘sb . ‘
looitgedac Weir
gum'g dacht ‘é\ég‘_:boum
A
From Vaal From Usutu
Usutu sub-system
Fig 4.2 Inter-reservoir operating rule:
Usutu subsystem
Westoe Dam Jericho dam Morgenstond Dam
1005 Full Supply Level 155143 100% Full Supply Level 1466.47 “100% Full Supply Level 138400

®

70% 1464.08

® ®

50% 1546.21

®
@ 21% ® 1371.83

10% 1368.32
Dead StorageLevel | 1537 50 Dead Storagetorel  |1457.00 Dead Storage Lovel | 1358, 15

otion 1529.0 ot 1446.00 Eation 1350.50

@ = Drawdown sequence

WRP_PO151aVaal Cont Phase 31.1.cdr
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shope & Zaaihoe
systems

Rietsspruit
3
3
5
9
g
3 g
g
£
q
=
H

Malibamatso River

Senqu River

LESOTHO HIGHLANDS WATER PROJECT
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hof Dam, Harts
Vaal River

.

iver, Renoster, Schoonspruit
b-systems, etc.

erating rules were developed for :

To Vaal River

H Renoster River

S oonspruit sub-system and other small
. dams use in-house operating rules

‘-\In current WRPM - Supply demand
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noster River Catch nd-Vet River Catch

Curtailment Curve for Koppies Dam

To Vaal River
“ I O
w 1 T 1
Full Supply Storage: 42.31 million m® =
Vet From Sedibeng Water
36 sws
32
&
o 28 3
£
5 Y
S
E Sand/Vet
s 20 cws
8
5 >N 3
o 16 \\
12
—
8 —
<
Erfenis Allemanskraal
4 Minimum Storage: 1.55 million m3 Dam
1 L " " L 1 Brandfort
0 | | [ [ | I
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 32 34 36 38 4

0.7 Curtailment Curtailment Level

manskraal operatin

Curtailment Curve for Allemanskraal Dam

Curtailment Curve for Erfenis Dam

190
[T T T[]

170 Full Supply Storage: 179.31 million m?
160
150
140
130
120
110
100
90
80
70
60
50
40

30 . Minimum Storage: 5.11 millionm?® |
20

10 —]
-—

N I A
I A
Full Supply Storage: 2122 million m?

7

Storage (million m?)

Minimum Storage: 4.71 million m* |

e o I

T

0 01020304 0506070809 1 111213 14 15 16 1.7 1.8 1.9 2 21 22 23 24 25 26 27 28 29 3
Cu Level

0 010203040506070809 1 1.1121314151617 1819 2 212223242526272829 3

Curtailment Level
0.60 Curtailment

70 Curt:
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Thank You
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Training and Technology
Transfer Workshop

29 & 30 November 2010

M le 2:
Overview of water

resource management

Balance

Requirements
and losses

Resources

Typical water resource system

N 9
\ 7 ,’W v’ 4
- L
& Irrigation
~

3
¢ N “ Reservoir
urean |
T 2
~ -

Foeq

J
N\ -
In&ustrial

Primary objective
Ensuring the supply of water resources to
support changing water requirements:
« Over planning horizon
« In sustainable and cost-effective way

Achieved through:

« Assessment

« Intervention planning
- Management

» Monitoring




Assessment Intervention planning

« Conservation
- Demand management

- Recycling
« Resource assurance _ Resource reallocation

- Adjustment of user criteria
o Water quallty - Catchment management
- Resource development
- Water requirements ~ Reservoirs

- Transfer schemes
. User criteria » Revision of allocations (Licensing)
« Water Quality Management Measures

- Resource capability

Management Monitoring
« Resource operation _
- Reservoirs « System behaviour
- Supply priorities

~ Transfers - Water requirements
- Blending / dilution

RIS liehEcological Water « Impact initiatives / interventions
Requirements

« Operational cost savings - Water quality objectives

« System maintenance « EWR supply




The water resource planning process

WRYM Identify the need for
and intervention
}

WRPM

intervention op ions considerations and judgement - -
‘ « Historical yield analysis Water Aval Iabl I Ity Assessment

for
‘ « Eng./ soc./env. & inst. cons.

4] Listmost fasivie opions | Water Allocation (Licensing)
¥

« Stochastic long-term analysis

q « Prelim.implementation schedule
E Rank selected optlons bl - nitial estimate filling times
‘ * Re-determine URVs
o « Establish commissioning dates
E SChedUIe seIeCted optlon L dll © Refine implementation schedule
« Finalise URVs

Allocation Planning (Licensing)

Existing Reserve T
a Water Availability Assessment
lawful use scenarios ISP
idation of Historical i
\ ‘- D
\ l water use data Model Reserve D
Water use. o EWR
License i scenarios
@l applications ~ )
Interactive

developing of
iliation options

Socio-
Economic
Assessment

Ecological
consequences

Develop Catchment
Management Strategy

Alternative water
Use scenarios

Stakeholder Alternative EWR

engagement scenarios
Allocation tlate: Al ocionk a1 Interaqtlve cy;le to develop
schedule " T allocation options
l Reserve, RQO .
Additional License applications

5 Process to ?roqess to Process to Activate relevant components of
finalise finalise finalise Schedule interactive allocation cycle
EWR- Ecological Water i




Completed WAA Studies

Training and Technology
Transfer Workshop

5 & 6 May 2006

End of module




Contents

Training and Technology .  Modelling water resource systems
Transfer Workshop . . . ]
29 & 30 November 2010 . Basic modelling principles

M 3: . Definition of terms

Water resource
assessment

Stochastic yield analysis

Group discussion

Definition

“... a simplified mathematical
description of a system or
process, used to assist
calculations and predictions...”

1. Modelling water resource
systems

— Oxford English Dictionary




Benefits of modelling

Allows representation of real world, subject to
various human activities / interventions

Can predict behaviour prior to actual
experience

Provides testing environment to assess best
options for application in real world

Allows “mistakes” without applying incorrect
or inappropriate options

Guides design of corrective measures

Purpose

Assessment

- Resource capability

- Resource assurance

- Water quality

Impact of interventions

- Conservation

- Resource development

Impact of management options
- Resource operation

- System maintenance

Monitoring of observed behaviour

Limitations of modelling
Cannot capture full complexities of real world
Dependent on assumptions
Data availability
Selection of appropriate model
Difficult to standardise modelling approach
Specialist configuration and interpretation
Small user group
Long turn-around time

Extensive configuration checking

The modelling process
Define objectives

Identify main physical features
Define system network

Select system operating rules
Undertake scenario analysis
Evaluate results

Implement decision




Models and utilities

Hydrological and water quality data pre-
processors (various)

Data patching utilities (CLASSR, PATCHR)
Rainfall-runoff models (WRSM2000)
Stochastic streamflow models (STOMSA)
Water quality models (WQT)

Yield analysis models (WRYM)

Planning analysis models (WRPM)
Information management systems (WR-IMS)

DWAF (

Stochastic streamflow
generation

Natural historical
streamflow seq.s
STOMSA

Verification and Stochastic Parameter file
validation test streamflow seq.s (PARAM.DAT)

Hydrological analysis

Hydrological
data
Rainfall l

data
CLASSR
PATCHR

Patched rainfall
data

| EES—————Y WRSM2000
Natural historical
streamflow seq.s

v

Sub-system yield analysis

? \

Natural historical Parameter file
Hydrological data streamflow seq.s (PARAM.DAT)

Long-term yield- Short-term yield-
reliability curves reliability curves

v




System planning analysis Other aspects
5 « Information management systems:
v .
S R
- Economic data
- Hydro-meteorological data

« Research — improved modelling /
management methodologies

Planning analysis
results
.
.
.

v

2. Basic modelling
principles

/ Available
flow




Available flow Abstraction from river

l Available flow

Average flow

Abstraction

Monthly flow volume (million m3)

/ Available
flow

Actual supply

Average flow

capacity

‘E Actg:al fsiupp'

Reservoir

Abstraction

Monthly flow volume (million m3)

DWAF (May 2006)



Reservoir model Reservoir model
Inflows < Outflows Inflows > Outflows

Lty
NN

Relationship between Simulation
time-steps

Time-step 1 Time-step 2

Start S2

Start S1  AS1
B

Abstraction

Storage level

Adapted from: Basson Et. Al.1994




Analysing scenarios (1 of 2) Analysing scenarios (2 of 2)

Reservoir A

Reservoir B

Groundwater modelling
. Groundwater-surface water interaction
« Model developed by K Sami (DWAF,
October 2004)

« Currently being incorporated into 3. Definition of terms
WRSM2000 rainfall-runoff model and
WRYM

« Review in progress




Commonly used terms Yield terms
“Firm yield” . Target draft

“Secondary yield” - Reservoir failure and recovery
“Total yield” « Critical period

“Historical yield” - Yield

“1:100 year yield” . Base yield

“Yield with 95 % assurance” « Firm yield

« Secondary yield

Water resource system Reservoir trajectory

1. Fixed reservoir capacity
2. Fixed annual abstraction volume
3. Particular inflow sequence

Assumptions: | Recovery
| Y

Storage volume

Dead Storage Volume (DSV)




Target draft vs. yield diagram Storage and firm yield

Mean annual runoff

Evaporation
and spills

Firm yield
point
Non-firm
yield

> Secondary
i yield

Firm yield (% MAR)

Base yield

40 60 80 100 120 140 160 180
Storage (% MAR)

Target draft

Why bother?
Historical yield analysis at Midmar Dam

Period of analysis Number of Firm yield
(hydrological years) years (million m3/a)

4. Stochastic yield
analysis




Water resource system Abstraction rate and
risk of failure

Assumptions:

1. Fixed reservoir capacity
2. Fixed annual abstraction volume Full Supply Volume (FSV)
3. Particular inflow sequence Failure

Storage level

Dead Storage Volume (DSV)

(A Higher abstraction rate:
9 = Lower abstraction rate:

Abstraction rate and Context
reliability of supply Stochastic streamflow generation

.
.
Natural historical
streamflow seq.s
STOMSA

Abstraction rate

X

Reliability of supply

Verification and Stochastic Parameter file
validation test streamflow seq.s (PARAM.DAT)

\{

0O - Higher abstraction rate:
G = Lower abstraction rate:




Context Yield results for 41 sequences
Sub-system yield analysis

¥

Natural historical Parameter file

Yield / target draft (million m%/a)

Sequence number

Long-term yield- Short-term yield- 15 2 25 éo
reliability curves reliability curves

Definitions

« R, =Long-term risk of failure
= [Failure sequences + 1] / [Total sequences]
=(19+1)/41
= 0.488
=48.8 %

» E, = Long-term reliability of supply

Yield / target draft (million m%a)

- RI = Recurrence interval of failures
5 20 25 30 ’ =1/(1- Ep”")
Sequence number =90.18 years




ity curves
Iscussion

aeak 00Z:

b

1a

Id-rel

e

Reliability of supply (as % of sequences observed)

5. Group d

ly of y

(e/gw uoyiw) yeap 1961} / PBIA

£
@
L

60 years

n=

1eak 00z:

aeak o01L:

lable resource

Reliability of supply (as % of sequences observed)
Reliability of supply (as % of sequences observed)

Ava

Yield-reliability curve

o

~
<

(B/gW uoy||iw) yeap 106.e) / PIBIA (B/gW uoy||iw) yeap 106.e) / PIBIA
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Training and Technology
Transfer Workshop

5 & 6 May 2006

End of module




Contents

Training and Technology . Water user criteria
Transfer Workshop

29 & 30 November 2010 . Yield reliability

Qw 4: . Curtailing water users
Water res'_bﬂfée . Assessing availability for
allocation licensing

e oo . Group discussion
@"ﬁumld

Water user criteria
Example: Mgeni River system

Description Percentage Percentage allocated to indicated priority class
of water of total
requirement requirement 1:200 years | 1:100 years | 1:50 years 1:20 years
. . components (0.5 %) (1.0 %) (2.0 %) (5 0 %)
1. Water user criteria Losses | --
porestc | 90| @] w| m| @




Yield / target draft (million m%a)

2. Yield reliability

Yield-reliability curve

sl 2

1:20 year
1- :50 year
1:100 year

[ Ri

\

Ri
[ RI
RI--

0

10 20 30 40 50 60 70 80 90 100
Reliability of supply (as % of sequences observed)

Water requirements and
user criteria

Assurance
category
(RI)

EE TN
om0
a0
o v |
[

Requirement
(million m%/a)

Total:

Interpretation

How does the base yield line of the imposed
target draft compare to the requirement in each
assurances category?

What does the above observation imply?

How much of the industrial requirement (Rl =
1:50) can actually be supplied at Rl = 1:100?

Show this amount on the figure.




Completed figure Short-term yield reliability

- Represent yield-reliability characteristics
over short term (up to 5 years)

« Individual set for each defined subsystem

5 million m¥a:

B8

AN
\

10 20 30 40 50 60 70 80 90 100
Reliability of supply (as % of sequences observed)

Yield / target draft (million m%a)

1| Move to 1:100 &, | .
8
o
o

i F-{I-=-1-:1 Oz)-y ear

[ Ri=1:20

Dependent on: Independent of:

. Hydrology « Controlled water requirements
« Physical characteristics of system « Selected priority classification
. Operating rule « Inter-subsystem support definition

« Uncontrolled water requirements

(e.g. afforestation and diffuse irrigation) Note: Curves need not be updated for a

change in any of the above

Note: If any of the above changes, curves
must be updated!




Impact of starting storage Impact of starting storage
Start at 80 % of live FSV Start at 60 % of live FSV

- 80 mitlorn méra I T 80 miition ms/a

Yield / target draft (million m%a)
Yield / target draft (million m3a)

10 20 30 40 50 60 70 80 920 100 30 40 50 60 70 80

Sequence number Sequence number

Impact of —— Impact of
starting starting
storage , storage

Start at 100 % R Start at 80 %
of live FSV . = of live FSV

T
B0 85 90 95 85 90
Exceedance Probability 7 Exceedance Probability 7




Impact of
starting
storage

Impact of
starting
storage

Start at 40 %
of live FSV

Start at 60 %
of live FSV

éﬂ E &
1in 100 years A,g&@/ é%
1in 200 years g 8595 1]

1in 50 years

1in 50 years

1in 20 years

T T
85 90
ceedance Probability 7

T
85 90
Exceedonce Probability 7

Impact of
starting
storage

Impact of
starting
storage

Start at 10 %

Start at 20 %
of live FSV

of live FSV

1in 20 years
1in 50 years

T
85 90
ceedance Probability 7

T
85 90
xceedance Probability 7%




Impact of
starting
storage

Family of firm
yield lines

3. Curtailing water users

T T
B0 85 90 95
Exceedonce Probability 7

Basic principles Curtailment vs. failure
. Water users can be curtailed Midmar Dam (with curtailments)

. Based on allowable risk of non-supply

« Objective to avoid failure (zero storage
volume in reservoirs)

@
3
o

Water users prioritised into classes
- Balanced allocation within a single class

- Curtailments in low priority class first, to
protect higher classes

« Curtailment is an operating rule and
should always be tested and checked




Curtailment vs. failure Example: Allocation decision
Midmar Dam (without curtailments) (1 of 3)

Demand distribution

Distribution into classes
(million m3/a)

Example: Allocation decision Example: Allocation decision
(2 of 3) (3 of 3)

Curtailed demands (Case 1) Curtailed demands (Case 2)

Dlstrlbutlon of curtailed demand Dlstrlbutlon of curtailed demand
Demand Million _into classes (million m3/a) Demand Million _into classes (million m3/a)
m?d/a m3/a
mmm [/ tow ] ledium|High

I
Prop. supplied m 100 % 100 % Prop. supplied m‘ 42 % 100 %

Allocation to individual users Allocation to individual users

L > | v e T G
[Domestic | sa | a3 =] o] Domestie | 47 | o] e7] o]




Example: user support definition

KOMATI USUTU HEYSHOPE
Sub-system (K) ; : Sub-system (H)

o . I

5. Demonstration 1: Water
resource allocation

Power Stations

(Komati, Arot, Hendrina )

K (168)U (168,34,29) H

Purpose and methodology Input information (1 of 2)
Purpose: Water requirements

« Apply user priority classification table ——
-
and short-term yield curves
- - B
. Undertake allocation calculations
e o ||

« 2002 demands (2001 Planning Analysis)




Input information (2 of 2)
Priority classification

Percentage allocated to indicated
Description of priority class

user group

Midmar Dam subsystem (80 % of live FSV)

150.0 150.0 F i g u re
— to be
it yield
B completed
— 1000 AN o0 §
£ c
2 &
NE
: \[ &
NoE
£ T
= 2
S >
8 5004 [Fso0 @
@
00 . . 00
75 E 85 90 % 100

Exceedance Probability of Base Yield (1-R,)
(as percentage of sequences observed)

Table to be completed

Demand
(million

Pipes 57, 61 and
others

Demand
(million
m?3/a) 0 years | 1:100 years
(0.5 %) (1.0 %)

Total

s [ em



Midmar Dam subsystem (80 % of live FSV)

BN Completed

""" 1011-az:geslﬁra" =3/ | "
: .2 million m¥a
\ Surplus at 1:20 = flg u re
i MEE million m%a
E 100.0 i N 100.0 g
E Y J\% 4 A = - I b - I .t f
AV . Assessing availability for
o
5 = = =
% Move to 1:50 = l ''''' .‘:’ IlcenSIng
:-:; 17.5 million m¥/a g
& 500 [Fs00 @
@
o o 8
0.0 0.0
75 80 5‘5 90 9‘5 100

Exceedance Probability of Base Yield (1-R,)
(as percentage of sequences observed)

Assurance of Supply Criteria
Method

Percent of the water use that must be supplied at the indicated
recurrence interval or risk of failure (%)

e Using risk (reliability) as indicator Water use sector | 1im200 | 1im100 | 1im50 | 1im20 | Tina

years years years years years
0.5% 1% 2% 5% 25%
. . Irrigation 50% 50%
e Assess multi abstractions Uroan 0% 0% e %
Industrial 1" 70% 20% 10%
Industrial 2 90% 10%

e Apply user reliability criteria



Compliance Evaluation (1 of3) Compliance Evaluation @of3

Failure of
criteria

Existing Lawful Use
(Target abstraction) 0

Exceedance Probability % Exceedance Probability %

Compliance Evaluation @of3)

Example Application

!

[ Adjusted to |

1 Ri1:100 years
1 Ri1:200 years

Exceedance Probability %




Training and Technology
Transfer Workshop

5 & 6 May 2006

6. Group discussion

End of module




Training and Technology
Transfer Workshop

29 & 30 November 2010

gqmg 5:
Management’ ater

resource systems

1. Defining system
operating rules

Contents
1. Defining system operating rules

2. Practical considerations

3. Group discussion

Example 1:
Increase Hydro-Power

Related Operating rules




Background (1 of 2) Background (2 of 2)

« Purpose: » Options investigated:
To implement rules that will maximize the hydro-power - Reduce non-generating spillage at both dams

Improve monthly distribution pattern of generated
energy

- Utilise short-term surplus in the system to generate
o Decision criteria: Hydro Power

benefit at Gariep & Vanderkloof dams without
jeopardizing the assurance of supply to the users.

Should not have negative impact on long-term and
short-term reliability of supply « Methods implemented:

Introduce storage control curves (SCC)
« Example: . Use mirror image of Vanderkloof release pattern and
_ Orange River system — Orange River Project impose on Gariep releases

- Annual Operating Analyses (2008/09) . Use annual operating analysis (WRPM) to determine
short-term surplus or deficit in system.

Energy generated with existing
distribution patterns

Energy generated with mirror

image of release pattern

600.0 T ] 00,0 T T

550.0 %500 ==

\ it N,
500.0 \ i 500.0
450,0 F— \ A 450.0 -
e i N I, —
N / - a0\ .
|~ 4000~ T yau —~  400.0 X ‘
c A 7 : N
= as00d— i S 2 00 \ /. _
= A\ 2 A\ 5 7
= \ o
o, 000 c S, 300 ; ——
o \ o \ & L
= 2500 i 5 2500 = "
2 “’-\ 1 e \ e /
& -
w2000 = —
w2000 ¥\/ : \_‘\/‘/.”___
N\ - Ve
150.0 — — 150.0 L
= e 100.0. o e g —
100.0 = [==] = = = é = = e _\=|='__ = _ = e =
= = % = i i —— S = = e T = = =S
T T T T
: : . ; : ] Y y 1 2 3 4 5 6 7 8 9 10 " 12
1 8 9 10 1 12
: ¢ ¢ s 6Mv:mths 7 Months




Vanderkloof Storage Control

Gariep Storage Control Curve

Curve (SCC)

Vanderkloof SCC
1171
§117o 5 100%
3
3
= 1170 98%
1169.5 95.9%

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Months
VdrkIf FSL ==eeeee Vdrklf SCC- May 2009

Vdrklf SCC- November 2009

Short-term surplus ORP

« Use Long-term stochastic analysis

1000 sequences of 15 years each constant
development level

Risk of curtailments for different curtailment levels.
Surplus Volume
- 3 Level 1 Level 2 Level 3
(million m®)
(5%) (1%) (0.5%)
140 2.03 0.95 0.19

o Use Short-term
projection

Curtailment criteria violated
first time by 2014

(SCC)

Gariep SCC
1259
............. 0,
_ 12585 | J i i' i 1| I} ] i || 100%
= I S e
g 1258 -
g 95.8%
Y 12575
1257 92.7%
Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Months
GariepFSL ~ eeeeees Gariep SCC- May 2008
= -« =20% SCC May 2009 SCCNov 2009

Example 2:

Appropriate blending rule




Background (1 of 3) Background (2 of 3)

« Purpose: . System configuration:
Test the possibility of deviating from the long-term
blending rule for the purpose of improving, over the Evaporation Dilution:
short-term, the quality of supplied water. fosses '&’

Bloemhof : Vaal Vaal
Dam

- Decision criteria:
Should not have negative impact on long-term
reliability of supply
Users from

Bloemhof Users along Hﬁturn
river reach oW

* Exam Ie: Rand Water
- Integrated Vaal River system demand centre

- Annual Operating Analyses (2000/01) Consumptive

Background (3 of 3) Annual average TDS

Rand water supply

« Methodology:
(Scenario 2)

Analyse various scenarios and compare the

relative projected TDS concentrations: . R

>
05 % H | long-term rule |
1%

- Scenario 1: Long-term rule
« Rand Water supplied from Vaal Barrage as priority o

50%

« Blend with Vaal Dam water to not exceed 300 mg/I -

2; ; /‘ Supply from
= Scenario 2: ReVlsed I'ule 995 % | Vaal Dam only

MAX %
o First 12 months: 600 mg/l dilution in Vaal Barrage E:E:gir‘;{i%) 1997 1998 1999 2000 2001 2002 YzEDADsS 2004 2006 2006 2007 2008 2009 2010
and Rand Water supplied from Vaal Dam only

« After 12 months revert back to long-term rule

ANNUAL AVERAGE TDS (mg/s)




Annual average TDS
Users downstream of Vaal Barrage
(Scenario 2)

o Example 3:

5%

25%

@
=]
=]

/rﬁ/ﬂfJ VL Saving of operational costs
EEE%@EE

50%

=
3
=]

J

75 %

ANNUAL AVERAGE TDS (mg/)

T2

95 % e —
EER)

985 %

MAK %
Exceedance
Probability (%)

B 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 201

Background (1 of 4) Background (2 of 4)

« Purpose:
Test the possibility of deviating from the long-term
operating rule for the purpose of reducing operating i ’
costs. Note: TG~ | e Réyenope.
% - Y | Grootdraai
- Can only be applied during periods of high system storage -
- Decision is based on current system information

» Decision criteria:
Should not have negative impact on long-term reliability
of supply

- Example:
- Integrated Vaal River system
- Annual Operating Analyses (2000/01)




Background (3 of 4) Background (4 of 4)
« Methodology: « Methodology (cont.):

Analyse 2 scenarios and compare the relative projected A cost calculation is undertaken as follows:
pumping costs: Run 2 scenarios as previously described
Undertake 1 000 sequences

. | N . Multiply unit cost of transfer with transferred volumes,
. Transfer until Grootdraai above 90 % of live FSV for a single sequence for both scenarios

- Scenario 1: Long-term rule

i . Calculate difference in cost between two scenarios, for
- Scenario 2: Revised rule
that sequence

- From May 2000 for 12 months Repeat for both transfer links and add results, for that
. Transfer only until Grootdraai above 75 % of live sequence

FSV Repeat for all sequences and derive probability

. After 12 months revert back to long-term rule distribution, for both transfer links and for total

DWAF (M

Actual projected savings
Revised compared with long-term rule
(Over 5-year period)

Example 4.
Saving at indicated exceedance probability (%)™ xa e =

Description (X R1 million)

of transfer

—— o e Operational decision flow
WIHIWIEI

EEEEEEEEEEER diagram
REEEE

Notes: (1) Values in brackets indicate a cost increase.
(2) Not the sum of columns.




Usutu draw-down sequence Operational flow decision diagram
1

Fig 2.1 Inter-reservoir operating rule:
Usutu subsystem

Westoe Dam Jericho dam Morgenstond Dam

0 | Full Supply | Full 0 |
e 155143 146641 1 . 1384.00

1466.06

1550.09

1371.83

1368.32

1537.50 1361.18

1528.50 S S 1350.50

Example 1:
Monitoring system operation

2. Practical considerations




General aspects Gariep & Vanderkloof Dams

Gariep & Vanderkloof Dams

. Compare simulated and actual
recorded behavior of system

8500.0
8000.0
75000 F - - -
7000.0

variables 00§
. Reservoir trajectories
« Transfer volumes wm
. Water requirements fZ

500.0 :
0.0 ‘ 0 -

ntage Storage

Percel

Boxplots derived from 1000 sequences

Knellpoort Dam

ol JHH H H : Example 2:
{HH H\H HH H " Monitoring transfer volumes




Cum Transfer (m

160.00

Fig A-7: Transfer to Douglas from the Orange at Marksdrift

range Vaal Transfer

140.00

120.00

=y

100.00

80.00

60.00

40.00

o

20.00

o

|
—

May-09  Jun-09  Ju-09  Aug-09  Sep-09  Oct:09  Nov-09  Dec-09  Jan-10
Months

Feb-10

Mar-10  Apr-10

1000.00
90000
800.00
700.00
600.00
50000
40000
30000
20000
100.00
0.00

Fig A-8: Lesotho transfers

LHWP Transfer

/./

-—

May-09  Jun-09  Ju-09  Aug-09  Sep-09  Oct-09  Nov-09  Dec-09
Months

Jan-10 Feb-10

Mar10  Apr-10

Example 3:
Monitoring water

requirements

Grootdraai/VRESAP transfer to

Cum Transfer (mi

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

Eskom Power Stations

Fig A-6: Grootdraai/VRESAP transfer to Eskom Power Stations

__—

May-09 Jun-09 Jul-09 Aug-09 Sep-09 Oct-09 Nov-09 Dec-09 Jan-10 Feb-10 Mar-10

Months

—a— Target —=— Actual

Apr-10

Figure C-4:  ESKOM : Comparison of total demand projections for Power Stations supplied from the

Integrated Vaal River System (DWAF Third Party Users not included)

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Years

) & Aprot - Apr02  ——— Actual waler use © Apr03  —e—Mar04




Midvaal

Midvaal Water Company : Comparison of Water Demand Projections

I —

Example 4:
Simplified curtailment graphs

(o N o &

Water Demand/use (million m¥/a)

Decrease in demand is due to the expected closure of Gold Mines in the area

100

00
1989 1991 1993 1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023 2025 2027 2029
Years

—#—ScX85 —a— AOA2000 - X - AOA2001 Historic Water Use_—e— AOA 2002_—o— AOA 2004/2005 & AOA 20052006

Simplified curtailment graph
(Luvhuvhu, Vondo/Tshakuma system)

Rt —T1T T |- [~ Full Supply Storage 33.2 njillion cub. m i e il el i e -
LR =P o=t odgded=m o= ag=2galed==F=F=F=
5 S ) ) O A e O Examle 6:
*T-1 Low | [ _[ Medium_ |__Medium| _ |~ | High[ _[_
o ] ]

3 e e e Curtailment Planning
ﬁm,,,,,,,,,f\x,,,,,,,,,,,,,,,,,,,,,,,,,, _
m——7—7——————————XQ————————f—f—————————— -
12,,,,,,,,,,,,,,,,,,,,\,,,,,,,,,,,,,,,,,,, =
o+ - —-——|--—1-—-—r - — 7*77\§*7*7*7*777777*7 —
I R==F=F=9="==F=F=F=F=9=9==|F T 1" T1-
L —L_d - =L=L-= ——————————\i———————— =
AT T Minimum Storage|1.73 million cub. m ’\<<; -

L] I
00 0.2 0.4 0.6 0.8 1 12 1.4 16 18 2 22 24 26 2.8 3 3.2 3.4 3.6 38 4

Curtailment level




BaC kg I‘O U n d Total Vaal River System
Monthly reservoir level projections T
- 9000 u
« Purpose: R [ lifted
Identify circumstances in a system warranting the 8000 T — H | =
implementation, as well as the lifting of restrictions 7000 L \ \ i
6000 ' { \ \ \\ \ | (,mlm ed
« Example: % Il T
< 5000 Hi D ») 2
- Integrated Vaal River system 8 & == I\ N
S 4000 N\ - M \
- 1993 to 1995 e \/f\f =\Ul;
— %% 30w > \
- b j \
« Methodology: S . ° N E
o o T
Monitor the behaviour of a system by plotting, on the L™ %—
I %% priority
graph of projected system volumes, the actual system =55 . Dead sforage leve } i
volume trajectory presnl BB B B B BB
curtailments are impose

Training and Technology
Transfer Workshop

29 & 30 November 2010

3. Group discussion ‘—Td—ﬁie

End of mo




Training and Technology
Transfer Workshop

29 & 30 November 2010

Module 6:

Intervention planning

In Delegated Cooperation witl

A4 Ukaid

1. Introduction

Contents
Introduction

Water requirement scenarios

Undertaking detailed phasing
analyses

Group discussion

General

To determine, over a planning horizon:
« Need for intervention
Timing of intervention
» Implementation schedules
« Filling times

Within context of:

« Growing water requirements

« User criteria of acceptable risks

« Salinity-related system constraints




Aspects of intervention planning WC&DM

« Augmentation planning Engineering

« WC&DM Institutional responsibilities and
. Water quality objectives (local government)

. Ecological Reserve Political buy-in

 Water Quality Management Measures « Financing
« Social influence

. Stakeholder engagement
« Tariffs

Augmentation planning Water quality
« Engineering aspects: - Water should be fit for use

- Design - Managed by setting Water Quality
- Economics Objectives

. Social and environmental impacts of . Integrated management essential

intervention « Management Measures

« Institutional arrangements (central _ Operational — blending/dilution

government) - Waste Discharge Charge System
« Financial considerations _ Treatment (discharge or abstraction)

. Stakeholder engagement




2. Water requirement
scenarios

Drivers of water requirements

Population growth and migration — demographic
assessment

Economic growth

Changes in economic activities (industrial vs.
service)

Service level changes

Water Conservation and Water Demand
Management

Technology (irrigation systems)
Water tariff
Legislation and government policies

General

Need future projections for twenty year
planning period — long lead time of large
schemes, 10 to 15 years

Municipalities usually only provide short term
projections

Therefore DWAF studies determine scenarios
Have to understand the relationship between
water requirements and return flow

Need to know where in a system the return
flows will become available

Example 1:
Vaal River system




Understanding water requirements

Water Requirement Composition (2005)
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Water requirement scenarios

Vaal River System Urban and Industrial Water Requirements
(TR134 Projections, 1988 / NWRS Projections, 2000)
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Conceptual model (1 of 2)
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3. Undertaking detailed
phasing analyses

Conceptual model (2 of 2)
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External use

WRPM capabilities
Variety of physical system features
Flexible configuration (not hard coded)
Complex systems, multiple reservoirs
Multiple users and assurance levels
Flexible operating rule definitions
Dynamic changes over time
Rigorous stochastic flow generation

Software forward compatible




WRP limitations Basic components of the WRPM
High level of experience
Effort for configuration and maintenance « Network simulation algorithm

Extensive testing and verification . Stochastic streamflow generator

Graphical output via post-processors
No automatic optimisation (scenarios) - Water resource allocation procedure

No antecedent flow conditions . Salinity modelling procedures

Few specialists for maintenance

Linkages between WRPM components WRPM simulation procedure
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WRPM result presentation (1 of 4) WRPM result presentation (2 of 4)
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Main WRPM results (1 of 2) Main WRPM results (2 of 2)

Projection plots of: Projection plots of:

« Monthly / annual reservoir volumes « Monthly / annual avg. channel flows
(also with historically observed trajectory)
« Monthly / annual avg. TDS concentrations

« Monthly / annual system volumes e s rvolrs)

« Annual total demand vs. supply . Hydropower:
- Energy
- Power

« Annual curtailment levels

Monthly reservoir volumes Monthly reservoir volumes
Example: Midmar Dam Interpretation
« Volume at full supply level:
- Current = £ 175 mill m3

- Lowered = £ 140 mill m3

- Raised = + 235 mill m3
« Vol. at dead storage level = 31 mill m3
« Starting storage vol. = £ 175 mill m3
« Lowest draw-down vol. = £ 40 mill m3

« What is the minimum live storage at the 99.5 %
exceedance probability?




Annual curtailment levels
Interpretation (Mgeni River system) ..,

criteria

Vaal River System
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Water

Requirements and
Return Flows

1 High without
further WC/WDM

2 High with target
WC/WDM

3 High with target
WC/WDM

4 High with target
WC/WDM

Scenarios

Mine water
Management

Neutralisation
and discharge
into Vaal

Neutralisation
and discharge
into Vaal

Desalination and
used

Desalination for
urban use

Unlawful
Water Use

Not reduced

Removed by
2013

Removed by
2013

Removed by
2013

LHWP
Phase 2

Delivery 2020

Delivery 2020

Not
implemented

Delivery 2020

_

Results — TDS Concentrations
Scenario
Point RWQO
1 4
Klip 1022 596 600
Suikerbosrand 1084 651 650
Barrage 730 569 600
Midvaal offtake
636 622 600
Sedibeng offtake
688 648 600
Bloemhof Dam
775 602 750
Vaal Harts Weir 800 629 750
TDS Concentrations in mg/L
95 th Percentile concentrations determined from 101 sequences

|

h

Results — Bloemhof Dam

Scenarios 3 and 4
(AMD potable)

Scenarios 1 and 2
(AMD neutralised)
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gucflf{eduling of Yield Replacerﬁént in the
Orange River System

.
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Operating Objectives

* Key objectives of operating the IVRS is to first use downstream
dams before releases are made from upstream dams.
e This has the following advantages:
— Maximises the capturing of runoff and reduces spills.
— Operate Bloemhof and Vaal dams as low as possible to reduce evaporation losses.

— Basin characteristics and evaporation rate in the upper dams are more favourable
to the lower reservoirs.

¢ The alternative delivery and transfer operating rules evaluate
the implication of the above objectives through risk analysis of
the Integrated Vaal River System.

Planning of LHWP Phase 1

Scenario Assumptions

* Water requirements and return flow scenario used:

— Conservative high planning scenario which requires more
water from the LHWP compared to the “Scenario D” of the
LHWP Feasibility Study.

* LHWP Phase Il components:

— Based on information from the System Analysis Report of
the LHWP Feasibility Study second stage (LHWC, 2008)




N § Delivery and transfer operating rule-

Scenarios Analysed .
scenarios

* A: High growth delivery schedule.*
* B: Block delivery schedule to Vaal River System. 1400

High Growth (A)

* C:Block delivery schedule to Caledon and Vaal River i;:: i
System.*
800
* D: Variable delivery schedule of Phase Il yield (trigger 600

by m.o.l Vaal Dam).

* E: Variable delivery of Phase Il yield — trigger by status
of short-term yield vs. water requirement balance. *
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_ - * Results-are-presented for the scenarios indicated in boli _ - —
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Scenario E Curtailments (Orange)
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Summary

* The risk of water restrictions are significantly higher for the
block delivery option compared to the other transfer
scenarios presented.

* The block delivery rule results in almost continuous violations
of the risk criteria over the analysis period.

¢ The date to augment after Phase Il is significantly delayed for
all the delivery scenarios compared to the block delivery
option.

* Shared utilisation of LHWP provides flexibility and
optimisation in management of Orange River Basin water
resources.

|

Training and Technology
Transfer Workshop

5 & 6 May 2006

End of module

4. Group discussion
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