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1 Introduction

1.1 Background

The Greater Bloemfontein Reconciliation Strategy Study was completed in 2012 (DWS, 2012). The
follow-up study, referred to as the Maintenance of the Greater Bloemfontein Reconciliation Strategy,
was aimed at ensuring the implementation of the Reconciliation Strategy and was completed in 2015
(DWS, 2015). In addition to the above, since 2015, numerous other studies have been undertaken
related to the potential augmentation of the Greater Bloemfontein Water Supply System (GBWSS):
These include:

Bloemwater (2015): New pipeline from Xhariep Dam to Knellpoort Dam Feasibility Study
Mangaung Metropolitan Municipality (MMM) (2015): Water Supply Augmentation to Greater
Bloemfontein Area from Orange River — Assessment of bulk supply options

MMM (2018): Mangaung Gariep Water Augmentation Project: Scenario Analyses Greater
Bloemfontein Water Supply System

Bloemwater (2019): Knellpoort Dam to Welbedacht WTW: One directional raw water pipeline
and pump station — Detailed Design Report

Department of Water and Sanitation (DWS): Annual Operating Analyses for the Greater
Bloemfontein Water Supply System

W W W W

From the above studies it became evident that the demand on the GBWSS far exceeds the available
yield, which is the main reason why the system is struggling to supply the actual water requirements
and why restrictions, ranging from 15% to 30%, have been imposed regularly on the system since 2015.
Several intervention options emanating from the above and other studies, have been planned to improve
the water supply situation within the GBWSS. These options include increasing the Eskom power supply
to Tienfontein pump station, raising Mockes Dam, increasing Maselspoort water treatment plant
capacity, implementing re-use options and augmenting supply to the GBWSS by transferring water from
Gariep Dam. The implementation of some of these options have unfortunately been delayed - as they
should have already started in 2019.

During 2022, the potential pumped transfer from Gariep Dam to GBWSS was identified by DWS as the
major augmentation option to prioritise in addition to other Recon (2012) interventions. The Xhariep
Pipeline Feasibility Study was subsequently commissioned by DWS with the aim of identifying the
preferred option for augmenting the bulk water supply to the Greater Bloemfontein Area via a pipeline
transfer from the Gariep Dam.

This report provides the results of the water resources analysis task under the Xhariep Pipeline
Feasibility Study.

1.2 Study area

The area of study explicitly focused on the GBWSS which entails the abstraction of water from the
Caledon River at Tienfontein pump station and Welbedacht Dam respectively and from local water
sources including Knellpoort Dam, Rustfontein Dam, Groothoek Dam and Mockes Dam. Water is
pumped from Tienfontein to Knellpoort Dam from where it can either be released in support of
Welbedacht Dam (releases from Knellpoort Dam) or transferred to Rustfontein Dam via the Novo
transfer scheme. From the Welbedacht WTW, water is pumped to reservoirs in Bloemfontein. There are
small towns located along this pipeline which are supplied with water from this Welbedacht-Bloemfontein
transfer. These towns include: Wepener, Dewetsdorp, Reddersburg and Edenburg. From the
Rustfontein WTW water is mainly supplied to Botshabelo but can also be supplied to Thaba Nchu and
Bloemfontein when needed. Only Thaba Nchu can get water from the Groothoek WTW.
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Figure 1-1: Bulk water distribution system and main water resources currently used to supply the GBWSS
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1.3 Study objectives and scope

The scope of work for this assignment essentially involved an assessment of a number of augmentation
and operational scenarios to confirm the potential increase in the yield of the GBWSS due to abstraction
of water from Gariep Dam via a pipeline (the Xhariep Pipeline Project). The outcomes of the analyses
were used to inform a decision regarding the timing and optimal route of the pipeline. The planning
horizon was 2050 with an interim (2035) development level also being considered. In addition to
confirming the size of the Xhariep pipeline and associated bulk transfer infrastructure, the need for
increased capacities of water treatment works and bulk conveyance infrastructure within the larger
GBWSS as well as some optimisation of the existing system were also assessed.

1.4 Sources of information

The sources of information used to ensure an appropriate understanding of the GBWSS and to inform
refinements to existing WRYM configurations in order to be representative of the scenarios to be
analysed included:

3 The WRYM configuration as per Orange Senqu River Commission (ORASECOM) Core Base
Scenario (ORASECOM, 2020),

3 Hydrology (1920 — 2004) as applied in the analysis of the ORASECOM (2020) Core Base
Scenario,

3 Water requirements and projections (up to 2050), schematics, the monitoring report and the

Water Resource Planning Model (WRPM) data set as per the 2022/2023 Annual Operating

Analysis (DWS, 2022),

Knellpoort Dam to Welbedacht WTW: One directional raw water pipeline and pump station —

Detailed Design Report (Bloemwater, 2019),

Reconciliation Strategy for the Greater Bloemfontein Water Supply System: Greater

Bloemfontein Bulk Water Supply Augmentation Options (DWS, 2015),

Mangaung Gariep Water Augmentation Project: Scenario Analyses Greater Bloemfontein Water

Supply System (MMM, 2018),

The Greater Bloemfontein Reconciliation Strategy Study (DWS, 2012), and,

Information sourced regarding actual on-ground activities and operational issues during a field

visit undertaken in February 2023.

AW W W W
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2 Model Configuration

2.1 Approach to model configuration

The Water Resources Yield Model (WRYM) was used for the water resources analyses undertaken as
part of the study. The approach followed to configure the WRYM for the scenarios analysed included:

3 Analyse data and compare model configurations and water demands across different sources of
information

3 Scrutinise the latest Annual Operating Analysis (AOA) WRPM data set and schematics, the

ORASECOM data set and schematics as well as the Mangaung Study scenarios and

schematics

Configure the new WRYM data sets according to actual on-ground /operational activities as at

2023 development level and planned interventions as per scope of this study

Update the relevant WRYM data files based on the 2022/23 AOA WRPM data files

Update upstream and GBWSS demands as relevant for current (2023) and future (2035 and

2050) development levels including:

W W

i New possible future dams
i Planned upgrades to existing WTWs (capacities)
i Increases to existing as well as future (new) transfers and releases

2.2 WRYM configuration

The WRYM configuration for this study used the WRYM configuration representative of the Core Base
Scenario in the currently ongoing ORASECOM study (ORASECOM, 2020) as basis, which was then
enhanced with information from the 2022/23 AOA WRPM configuration for the Orange River System as
well as the system model configuration for the Mangaung Gariep Water Augmentation Study completed
in 2018 (MMM, 2018), to develop a new updated WRYM configuration suited for the purpose of the
analyses undertaken as part of this study.

3 The objective of the ORASECOM study is to update the ORASECOM Integrated Water
Resources Management (IWRM) Plan of 2015 and identify an agreed and updated core
scenario which includes the Lesotho Botswana Water Transfer (LBWT) project. Furthermore,
the project aims to assist ORASECOM and the basin countries in formalising the updated IWRM
Plan. Components | & Il of the study entail a climate resilient investment plan, based on updated
Water Resources Yield and Planning Models and an updated Core Scenario.

3 The AOA for the Orange River System is undertaken annually by applying the WRPM, with the
2022/23 AOA being the most recent.

The Mangaung Gariep Water Augmentation Study completed in 2018 (MMM, 2018), explicitly
focused on augmenting the water supply to the Greater Mangaung Area from Gariep Dam by
applying the WRPM with a configuration based on that used in the AOA at that time. The
WRPM was applied to determine the HFY of the GBWSS and to optimise the operating rules in
terms of the early-warning system and restrictions. The WRPM data sets used in both the
Mangaung and 2022/2023 AOA studies are therefore very similar, with the AOA data set being
the most recent and up to date.

In the new WRYM configuration, the yield channel was configured to determine the potable yield of the
GBWSS, while the channels in the WRYM representing the demands for Thaba Nchu, Botshabelo,
Bloemfontein and the small towns, along the pipeline between Welbedacht WTW and Bloemfontein,
were configured to “feed into” the yield node. All these channels, except the Bloemfontein demand, were
capped at the demand for that specific development level. The capacity of the channel supplying
Bloemfontein has no limitation to allow for an assessment of the potential increase in the yield to
Bloemfontein.
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Appendix A shows an updated schematic with the new WRYM configuration for this study.

2.2.1 Additions to the WRYM configuration

Significant additions of nodes and channels to the ORASECOM (2020) WRYM configuration included
the following:

3 Groothoek and Rustfontein WTWs

3 A connection between Rustfontein WTW and Bloemfontein

3 A “bi-directional” pipeline as intervention option: this entails a pipeline between Welbedacht
Dam and Knellpoort Dam allowing for an abstraction from Welbedacht Dam up to a maximum of
2 m%/s, and a second pipeline between Knellpoort Dam and Welbedacht WTW, capped at 0.665
m?/s or 21 million m%/a, as per the Bloemwater Study (Bloemwater, 2019), to support the
Welbedacht WTW with de-silted water.

3 Gariep dummy dam to ensure an infinite water supply for augmentation (only required for model
simulation purposes)

2.2.2 Changes to the WRYM configuration

Significant changes to the ORASECOM (2020) WRYM configuration included the following:

3 Demands in GBWSS and upstream for 2023, 2035 and 2050 development levels as appropriate
3 Bloemfontein return flows flowing to Krugersdrift Dam are not modelled separately as before
because of the position of the yield channel. The return flow volume should be included in the
yield to be determined. The yield consists of the consumptive as well as the non-consumptive
use. Return flows are the non-consumptive use in the yield and are therefore included in the
target draft/demand applied in the yield analyses.

Operating levels of some dams in the system were adjusted to allow for maximum yield as
opposed to the WRPM configuration which prevents dams to fail by means of an early-warning
system and restrictions

Dam level (elevation) - capacities - area relationships in the WRYM f02.dat file as per AOA
2022/23 WRPM configuration were adjusted as required

Increase Welbedacht WTWs operating capacity as required for different scenarios along with
the “bi-directional” pipeline intervention

Increase Tienfontein pump capacity from 3.71 m?/s to 7 m®/s for the relevant scenario(s)
Increase Novo pump capacity from 2.2 m%/s to 4.8 m3/s for the relevant scenario(s)

Increase Mockes Dam capacity for the re-use intervention scenario and for the 2035 and 2050
future development scenarios

Increase Maselspoort and Rustfontein WTWs capacities for the intervention of raw water supply
from Gariep Dam and for the 2035 and 2050 future development scenarios.

W

W WUWW W W

2.2.3 Water requirements

A water requirement projection database is maintained for the AOA which is undertaken annually for the
Orange River System. This data is typically sourced from various studies e.g. DWS Stand-alone dams
and All Towns studies etc. The database is updated intermittently in line with new information becoming
available through relevant studies.

For most of the demand projections in the latest GBWSS system configurations, 2018 served as the
base year, with projections up to 2050 for planning purposes.

The most recent water requirements for the different demand centres within the Greater Mangaung area
of supply as well as small towns along the Welbedacht-Bloemfontein pipeline, at the 2018 development
level, are shown in Table 2-1. These demands were applied in the WRPM system configuration in both
the 2018 Mangaung Study as well as the 2022/23 AOA Study, with a small difference in the totals applied
in the WRYM system configuration for the ORASECOM study as shown below.
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Table 2-1: GBWSS potable water requirements 2018

Demand centre 2018 Mangaung Study; 2022/23 AOA ORASECOM (WRYM 2018)

Mil m3/a Mi/d ms/s Mil m3/a Mi/d ms/s
Bloemfontein 66.36 181.69 2.103 70.18 192.15 2.224
Botshabelo 15.56 42.60 0.493 13.54 37.07 0.429
Thaba Nchu 10.61 29.06 0.336 7.92 21.69 0.251
Sub-Total 92.54 253.36 2.932 91.64 250.91 2.904
Small towns 4.09 11.21 0.130 3.79 10.37 0.120
Total system 96.63 264.56 3.062 95.43 261.27 3.024

Current (2023) and future development (2035 and 2050) water requirements for demand centres within
the GBWSS as well as upstream demands in the upper Caledon catchment from the latest Orange River
System 2022/23 AOA (DWS, 2022) water requirement database, were applied in the new updated
WRYM configuration for the respective development scenarios being considered as shown in Table 2-2.
The projected water requirements include the effect of Water Conservation/Water Demand
Management (WC/WDM).

Table 2-2: GBWSS potable water requirements for 2023, 2035 and 2050 (DWS, 2022)

Demand 2023 2035 2050

centre Milm¥a  Mi/d m3s  Milm%a  Ml/d m3s  Milm%a  Ml/d m3/s
Bloemfontein 71.86 196.74  2.277 88.08 24116 2.791 109.90 300.90 3.483
Botshabelo 19.20 52.58 0.609 27.38 74.96 0.868 40.99 112.21  1.299
Thaba Nchu 13.10 35.87 0.415 18.68 51.14 0.592 27.96 76.55 0.886
Total 104.16 285.18 3.301 134.14 367.26 4.251 178.85 489.66 5.667
Small towns 4.39 12.02 0.139 5.21 14.26 0.165 6.39 17.48 0.202

Total system 108.55 297.20 3.440 139.35 381.52 4.416 185.23 507.14 5.870

If it is decided to proceed with the construction of the Gariep-Bloemfontein pipeline potable option, small
towns located along the route can also benefit from this water supply intervention. These towns include:
Gariep, Bethulie, Springfontein, Philippolis, Trompsburg, Bethani&, Jagersfontein and Fauresmith. The
projected water requirements for these towns at development levels 2023, 2035 and 2040 are presented
in Table 2-3 (MMM, 2018). The projected demands were only available up to the 2040 development
level as per the Mangaung Study (MMM, 2018) as no projections were made beyond 2040. However, it
is not expected that there will be significant growth in these towns beyond 2040 and the 2040 water
requirements can thus be assumed to be representative of the 2050 demand. Since it will be potable
water transferred from Gariep Dam to the GBWSS, no losses are foreseen, and therefore the demands
of these small towns as listed should merely be considered and accounted for in the final established
transfer volume from Gariep Dam to the GBWSS.

Table 2-3: Small town water requirements along the potable Gariep-Bloem pipeline route (MMM, 2018)

2023 2035 2040(2050)
Ml/d (average) 11.7 12.5 12.8
MI/d (peak) 16.7 17.7 18.2
Milm?3/a (average) 4.27 4,57 4.68

2.2.4 Water treatment Works

The existing Water Treatment Works (WTWSs) capacities within the GBWSS are summarised in Table
2-4. As per the Mangaung Study (2018), values for the raw water intake to the WTWSs, the Maximum
Design Capacity (MDC) and the Current Operating Capacity (COC) of each of the WTWSs are shown.
According to the information sourced, the COCs for both Rustfontein and Maselspoort WTWSs are equal
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to the MDC. It is uncertain whether this is true in actual practice, but for modelling purposes this was
accepted. The COC of the Groothoek WTW is only 4.4 Ml/d as opposed to its MDC of 18 Ml/d. However,
for the water resources analyses undertaken as part of this study, the HFY of Groothoek Dam was
applied as the COC for the Groothoek WTW - this is also the value applied in the 2022/23 AOA WRPM
configuration.

The MDC of the Welbedacht WTW is 1.68 m®/s, but due to silt problems, it was initially reduced to
1.49 m¥/s for modelling purposes. However, based on observed transfer volumes over the past number
of years, it was further reduced to a COC of 1.29 m¥%s, which is the observed average value. Although
the Mangaung Study (2018) indicated losses up to 15% at the Welbedacht WTW, actual versus target
use, as monitored for the 2022/23 AOA, indicates that the losses at the Welbedacht WTW are closer to
10% than 15%.

Table 2-4: WTW capacities (m?s) 2023 and assumed losses (Mangaung, 2018)

Raw water intake MDC CcocC Loss
mé/s M/d Mmda md¥s M/ MmPa md¥s M/ Mmia %
Rustfontein WTW 1.241 107 39.08 1.157 100 36.53 1.157 100 36.53 7
Groothoek WTW 0.224 19 6.94 0.210 18 6.45 0.051 4.4 1.61 7
Maselspoort WTW 1.384 120 43.83 1.273 110 40.18 1.273 110 40.18 9
Welbedacht WTW 1.847 159 58.07 1.68 145 52.96 1.49 128.7 47.01 10

System component

According to the 2022/23 AOA report, there are plans to increase the capacity of Mockes Dam.
Subsequently the Maselspoort WTW will also be increased, specifically to accommodate re-use as a
planned intervention option. In addition, there are also plans to increase the capacity of the Rustfontein
WTW. Therefore, the increased capacities of these two WTWSs were applied for the 2035 and 2050
development level scenarios. Table 2-5 summarises these increased maximum design capacities along
with the other WTW maximum design capacities for the future development (2035 and 2050) scenarios.
The difference between the raw intake and the potable is based on the percentage loss as shown in
Table 2-5.

Table 2-5: Future WTW maximum design capacities for 2035 and 2050 development levels

Raw water Potable water (MDC)
System component m3/s Mmi/d Mm?/a m3/s Mmi/d Mm?/a
Rustfontein WTW 1.736 150 54.79 1.619 140 51.10
Groothoek WTW 0.224 19 6.94 0.210 18 6.45
Maselspoort WTW 1.505 130 47.48 1.384 120 43.68
Welbedacht WTW 1.847 159 58.07 1.680 145 52.82

The analysis undertaken for this study assumed an operational capacity equal to MDC x 80% for WTWs
to allow for down time required for maintenance and repairs. The current operating capacities of
Rustfontein WTW and Maselspoort WTWSs, as configured in both the 2022/23 AOA WRPM and the 2018
Mangaung Study, are however equivalent to the MDC. It was therefore decided to apply the larger value
of COC or MDC x 80% as the operational capacity.

For the “bi-directional” pipeline intervention scenario, maximum capacity needs to be pumped from the
Welbedacht WTW. This means that the plant’s capacity will probably need to be increased. The
Welbedacht WTW operational capacity was thus increased from 116 Ml/d (1.344 m3/s; 42 million m3/a)
to 137 Ml/d (1.595 m3/s; 50 million m3/a) for the relevant scenario(s).

2.2.5 Future upstream developments

For the scenarios where raw water is supplied from Gariep Dam to the GBWSS, the Rustfontein and
Maselspoort WTWs should be operated as close to MDC as possible. Therefore the operating capacities
of these WTWs were increased from 100 Ml/d (1.157 m3/s; 36.5 million m3/a) to 133 Ml/d (1.538 m3/s;
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48.5 million m3/a) and from 110 Ml/d (1.273 m3/s; 40.2 million m3/a) to 114 Ml/d (1.315 m3/s; 41.5
million m3/a) respectively for the relevant scenario(s).)Future water resources developments considered
as part of this analysis specifically refer to the development of water resources infrastructure (dams) in
the upper Caledon catchment (upstream of the Tienfontein abstraction) as well as increased urban and
irrigation demands along this reach of the Caledon River - for scenarios considering the impacts of future
i.e. 2035 and 2050 development levels.

In the upper Caledon catchment, planned water resources development includes Hlotse and Ngoajane
dams (Caledon upstream of Tienfontein). Based on available information and taking into consideration
that there is typically a significant delay in the planning and implementation of large dams, Ngoajane
Dam was excluded from the 2035 development level analysis and only included for the 2050 scenarios.
Hlotse Dam, however, was assumed would already be constructed by 2035.

For Hlotse and Ngoajane dams, it was decided to allocate their full yields as the 2050 demand imposed
on them.

Table 4-7 summarises the yields and demands imposed on Hlotse and Ngoajane dams for the 2035
and 2050 development levels respectively as applied in the model.

Table 4-8 summarises the increase in the demands in the Caledon River Catchment from 2018 to the
projected 2050 development level.

Irrigation within the South African border is anticipated to remain constant at 30.3 million m%/a while the
planned future irrigation in Lesotho shows an increase of 58.4 million m3%/a by the year 2050. The urban
demand shows an increase of 48.6 and 66.7 million m3/a in South Africa and Lesotho respectively from
2018 to 2050.

Table 2-6: Hlotse and Ngoajane Dams yields and demands (ORASECOM, 2020)

Hlotse = 96.5 mcm 2035 (million m3/a) 2050 (million m3/a)
Irrigation 11.55 46.2
Mapoteng 4.09 4.95

Leribe 11.87 14.45

Total demand 27.51 65.6

Yield 85 85
Environmental Water Requirements (EWR) 14.42 14.42
Ngoajane = 31.3 mcm 2035 (million m3/a) 2050 (million m3/a)
Irrigation 0 6.16
Butha-Buthe 0 23

Total demand 0 29.16

Yield 0 31

EWR 0 8.02

Table 2-7: Demands in the upper Caledon River Catchment from 2018 to 2050 in million m3/a

2018 2023 Incrlease 2035 Incr2ease 2050 Incrgase In-(l:—?églse
RSA! Caledon urban 29.3 32.8 35 54.9 22.1 77.9 22.9 48.6
RSA Caledon Irrigation 30.3 30.3 0.0 30.3 0.0 30.3 0.0 0.0
Lesotho Caledon urban 15.5 43.2 27.7 50.3 7.1 82.2 31.9 66.7
Lesotho Caledon irrigation 6.0 6.0 0.0 *17.6 11.6 *58.4 40.8 58.4
Total 81.1 1123 31.2 153.1 40.8 248.8 95.7 167.7

1 Republic of South Africa (RSA)
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The above demand information was obtained from the DWS 2022/23 AOA with irrigation demands for

2035 and 2050 development levels obtained from the irrigation output channels after executing the
model.
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3 WRYM Analysis

3.1 Scenario Definition

The water resources analyses undertaken as part of this study essentially entailed yield analyses for a
number of scenarios related to the supply of bulk water to the GBWSS. Scenarios included an
assessment of the current system, the impacts on the yield of the GBWSS due to water resources
development and increased water usage in the upper Caledon catchment as well as the potential yield
benefit of various augmentation options including supplying water from Gariep Dam.

Historical firm yield analyses were carried out for the initial scenarios and the results were used to
evaluate the different Xhariep pipeline transfer options using multi-criteria analysis. Once the best raw
transfer option was identified, this option along with the potable transfer option were taken forward into
further analyses and only after the best transfer option was identified, was this option subjected to
stochastic yield analyses to confirm the adequacy of the proposed sizing of the infrastructure in terms
of meeting the projected 2050 GBWSS demand at the required assurance of supply.

The scenarios were grouped under two phases as detailed below.

Appendix B lists all the changes and updates relating to the WRYM configuration and data sets for
each scenario analysed.

3.1.1 Phase 1 Scenarios

Phase 1 scenarios evaluated the yield of the current system, the potential benefits of implementing
interventions identified in the DWS Recon 2012 study, the potential yield increase due to a maximum
abstraction rate of 60 million m%a from Gariep Dam and the impacts of planned water resources
developments and increased abstractions in the upper Caledon catchment upstream of the existing
Tienfontein abstraction to the GBWSS. The results of Phase 1 confirmed that: (1) augmentation from
the Gariep Dam would be necessary in order to meet the 2050 demand of the GBWSS and that (2) an
abstraction in excess of 60 million m%/a from Gariep Dam would be needed to meet the 2050 demand
of the GBWSS.

Scenario A: Validation of new WRYM configuration

Validate the “new” WRYM configuration specifically configured for this assignment and establish if it
correlates with the recent analyses undertaken as part of the 2018 Mangaung Study. (The WTW
capacities as applied for Scenario 1b were also applied in Scenario A).

Scenario 1: Current system (Status Quo) yield

Determine maximum supply capacity (Yield) of the current bulk water supply system, including
the raising of existing dams.

Scenario la: Consider current (2023) operational capacities of the various bulk water supply
components.

Scenario 1b: Consider maximum design capacity (MDC) of the various bulk water supply components.
Use MDC x 80% for water treatment works (WTWs) and pump stations and MDC x 100% for pipelines.*
Where the current operating capacity (COC) exceeds MDC x 80% in the case of WTWs and pump
stations, apply COC.

Scenario 1b(i): Scenario 1b with MDC x 80% for all pump and WTW capacities even if this value is
smaller than the COC of the different infrastructure components.

1 Using 80% of MDC allows down-time for maintenance and repairs of infrastructure
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Scenario 1c(i): Scenario 1b with raising both Rustfontein Dam and Knellpoort Dam by 1 m each through
the implementation of fuse gates.

Scenario 1c(ii): Scenario 1b with raising both Rustfontein Dam and Knellpoort Dam by 2 m each through
the implementation of fuse gates.

Scenario 2: Impact of 2035 and 2050 Upstream Development Levels on the current system yield

Determine the impact of possible future water resources developments and increased water
demands in upper Caledon catchment on the maximum supply capacity (Yield) of the current
GBWSS.

Scenario 2: As Scenario 1b and taking into consideration proposed upstream, future water resources
developments: Hlotse and Ngojane dams (located on the Caledon River upstream of the Tienfontein
abstraction) with information as per the ORASECOM (2020) Study. Include the estimated future water
use/transfers from these dams. Increase existing water demands in upper Caledon catchment based
on readily available information. Evaluate both 2035 (2a) and 2050 (2b) development levels.

Scenario 3: GBWSS Reconciliation Strategy Study (2012) and other identified interventions

Determine potential increase in current system yield through implementation of previously
identified interventions as well as additional intervention Options.

Scenario 3a: As Scenario 1b with two new pipelines, one from Knellpoort Dam to Welbedacht WTW and
another one from Welbedacht Dam to Knellpoort Dam including a transfer pumpstation. This entails a
pumped transfer from Welbedacht Dam to Knellpoort Dam (2 m®s) and a pumped transfer from
Knellpoort Dam to Welbedacht WTW (0.665 m?/s).

Scenario 3b: The same as Scenario 1c(i).
Scenario 3c: The same as Scenario 1c(ii).
Scenario 3d: As Scenario 1b with increased pump capacity at Tienfontein pump station (7 m?/s).

Scenario 3e: Combine Scenarios 3a, 3b, 3c and 3d to maximise additional system yield. May conclude
that not all scenarios are viable and then exclude these interventions under Scenarios 3a, 3b, 3c and/or
3d from optimal combined scenatrio.

Scenario 3f: Best combination from Scenario 3e with Novo pump station and Novo pipeline upgrade to
4.8 m¥/s.

Scenario 3g: As Scenario 3f with re-use implemented (25% of AADD based on capacities of three largest
WWTWs i.e. Bloemspruit, Sterkwater and New North Eastern plants). Increase Mockes Dam capacity
to 12.132 million m?; also increase Maselspoort WTW capacity to 113.6 Ml/d.

Scenario 4: Gariep Dam to Bloemfontein pipeline

Determine further potential increase in the system yield through implementation of Gariep Dam
to Bloemfontein pipeline

Scenario 4a: As Scenario 3g with potable water supplied from Gariep Dam to Bloemfontein. MDC of
100% for new WTW, pump stations and pipelines.

Scenario 4a(i): As Scenario 4a with adjusted operating rule in Rustfontein Dam — usage from below 84%
in Rustfontein Dam has priority over the transfers from Gariep Dam.

Sceanrio 4a(ii): As Scenario 4a without intervention options; only support from Gariep Dam.

Scenario 4b: As Scenario 3g with raw water supplied from Gariep Dam to Knellpoort Dam. MDC of
100% for new pump stations and pipelines.

Scenario 4b(i): As Scenario 4b with Welbedacht WTW increased to 145 Ml/d (1.68 mS/s)

Scenario 4b(ii): As Scenario 4b with adjusted operating rule in Knellpoort Dam — stop transfers from
Gariep Dam when Knellpoort Dam reaches 90% of its gross storage.
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Scenario 4b(iii): As Scenario 4b(ii) with increased Rustfontein, Maselspoort and Welbedacht WTW
capacities.

Scenario 4c(i): As Scenario 3g with raw water supplied from Gariep Dam to Rustfontein Dam at the
Novo outfall. MDC of 100% for new pump stations and pipelines.

Scenario 4c(i)a: As Scenario 4c(i) with increased Rustfontein, Maselspoort and Welbedacht WTW
capacities.

Scenario 4c(ii): As Scenario 3g with raw water supplied from Gariep Dam directly to Rustfontein Dam.
MDC of 100% for new pump stations and pipelines.

Scenario 4c(iii): As Scenario 4c(ii) with increased Rustfontein, Maselspoort and Welbedacht WTW
capacities.

Scenario 4c(iv): As Scenario 4c(iii) with adjusted operating rule in Rustfontein Dam — Stop transfers from
Gariep Dam when Rustfontein Dam reaches 1 372.5 m.a.s.l. or 92% of its gross storage capacity.

Scenario 4d: As Scenario 3g with raw water supplied from Gariep Dam to both Knellpoort Dam and
Rustfontein Dam via the same pipeline. MDC of 100% for new pump stations and pipelines.

Scenario 5: The impact of 2035 and 2050 Upstream Development Levels on the future system
yield

Determine the impact of possible future water resource developments and increased water
demands in upper Caledon on maximum supply capacity (Yield) of the future GBWSS.

Scenario 5a & 5b: Best case of Scenarios 4a to 4d (both raw and potable) but include proposed future
dams in upper Caledon including Hlotse and Ngojane dams (Caledon upstream of Tienfontein). Include
future estimated water use/transfers from these dams. Increase existing water demands in upper
Caledon catchments to 2035 and 2050 demands respectively based on readily available information.

Scenario 5c: As Scenario 4a(ii) at the 2035 development level.

Scenario 5d: As Scenario 4a(ii) at the 2050 development level.

Scenario 5e: As Scenario 4c(iv) at the 2035 development level (option 4).

Scenario 5f: As Scenario 4c(iv) at the 2050 development level (option 4).

Scenario 5j: As Scenario 4b(ii) at the 2035 development level (option 2).

Scenario 5h: As Scenario 4b(ii) at the 2050 development level (option 2);

Scenario 5k: As Scenario 4c(i) at the 2035 development level (option 3)

Scenario 5i: As Scenario 4c(i) at the 2050 development level (option 3)

Scenario 5g: As Scenario 5b with yield channel on the Orange River Project (ORP).

An important consideration during the above scenario analyses relates to the capacities of WTWs (refer
to Section 2.2.4).

Table 3-1 summarises the capacities of WTWSs as modelled during the Phase 1 WRYM analyses.

Table 3-1: WTW capacities applied in WRYM analyses

; Rustfontein WTW Groothoek WTW Maselspoort WTW Welbedacht WTW
Scenario Raw Potable Raw Potable Raw Potable Raw* Potable
ScA 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.344
Scla 1.241 1.157 0.067 0.060 1.384 1.273 1.433 1.290
Scib 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.344
Sclb(i) 0.996 0.926 0.181 0.168 1.107 1.019 1.493 1.344
Scic(i) 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.344
Scic(ii) 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.344
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; Rustfontein WTW Groothoek WTW Maselspoort WTW Welbedacht WTW
Seenario Raw Potable Raw Potable Raw Potable Raw* Potable
Sc2-2035 1.393 1.295 0.181 0.168 1.384 1.273 1.493 1.344
Sc2-2050 1.393 1.295 0.181 0.168 1.384 1.273 1.493 1.344
Sc3a 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.596
Sc3d 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.344
Sc3e 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.596
Sc3f 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.596
Sc3g 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.596
Sc4da 1.500 1.395 0.181 0.168 1.384 1.273 1.493 1.596
Scda(i) 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.596
Sc4a(ii) 1.241 1.157 0.181 0.168 1.384 1.273 1.493 1.344
Sc4b 1.672 1.538 0.181 0.168 1.429 1.315 1.493 1.596
Scd4b(i) 1.672 1.538 0.181 0.168 1.429 1.315 1.493 1.680
Sc4ab(ii) 1.672 1.538 0.181 0.168 1.429 1.315 1.493 1.596
Sc4b(iii) 2.602 2.420 0.181 0.168 2.315 2.13 1.693 1.596
Scéc(i) 1.672 1.538 0.181 0.168 1.429 1.315 1.493 1.596
Sc4c(i)a 2.602 2.420 0.181 0.168 2.315 2.13 1.693 1.596
Scéc(ii) 1.672 1.538 0.181 0.168 1.429 1.315 1.493 1.596
Scéc(iii) 2.500 2.300 0.181 0.168 2.200 2.024 1.693 1.596
Scéc(iv) 2.500 2.300 0.181 0.168 2.200 2.024 1.693 1.596
Scad 1.672 1.538 0.181 0.168 1.429 1.315 1.493 1.596
Sc5a 2.355 2.190 0.181 0.168 1.384 1.273 1.493 1.400
Sc5b 2.355 2.190 0.181 0.168 1.384 1.273 1.493 1.400
Sc5c¢ 1.393 1.295 0.181 0.168 1.384 1.273 1.493 1.344
Scbd 1.393 1.295 0.181 0.168 1.384 1.273 1.493 1.344
Sc5e 2.355 2.190 0.181 0.168 2.315 2.130 1.693 1.596
Schf 2.355 2.190 0.181 0.168 2.315 2.130 1.693 1.596

*Refers to the direct supply from Welbedacht Dam excluding supply from Knellpoort Dam

3.1.2 Phase 2 Scenarios

Following the outcome of the Phase 1 scenarios, Phase 2 scenarios were aimed at determining the
transfer capacity from Gariep Dam to meet the 2050 demand of the GBWSS at the required assurance
of supply, while also investigating (at a high level) the order of magnitude of and the yield sensitivity to
compensation releases from the planned dams in the upper Caledon catchment. Phase 2 analysed the
best raw water Gariep Dam transfer option (based on the outcome of Phase 1 and multi-criteria
analyses) along with the potable Gariep Dam transfer option. Finally, the potable option (which emerged
as the best transfer option) was taken forward into stochastic yield analysis to confirm the adequacy of
the proposed sizing of the infrastructure to meet the projected 2050 GBWSS demand at the required
assurance of supply. Phase 2 also involved limited optimisation in terms of the preferred transfer
scheme.

Scenario 5g: Impact of 2050 Development Level on future ORP system yield

Determine the impact of possible future water resource developments / increased water
demands in upper Caledon on ORP Yield
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Scenario 5g: Scenario 5b with impact of 2050 Development Level on future ORP system yield.
Scenario 6: Impact of both Lesotho Lowland dams on GBWSS and ORP yield

Determine the impact of both Lesotho Lowland dams on GBWSS and ORP yield. The impact
should be “re-balanced” through compensation releases.

Scenario 6a: Scenario 5b with Hlotse and Ngoajane dams switched off and yield channel on GBWSS.
The impact of both Lesotho Lowlands dams on the GBWSS is (Scenario 6a yield minus Scenario 5b
yield).

Scenario 6b: Scenario 5b with Hlotse and Ngoajane dams switched off and yield channel on ORP. The
impact of both Lesotho dams on the ORP is (Scenario 6b yield minus Scenario 59 yield).

Scenario 6¢: Scenario 6a with only Hlotse dam switched on.
Scenario 6d: Scenario 6b with only Hlotse dam switched on.

Scenario 7: Increased water transfer from Gariep Dam to GBWSS excluding compensation
releases

Determine increased transfer capacity (potable and raw water) until the GBWSS yield is sufficient
to support the projected 2050 GBWSS demand. No compensation releases from Lesotho
Lowlands dams.

Scenario 7a: Scenario 5b with an increased potable transfer capacity from Gariep Dam to GBWSS until
the GBWSS yield is sufficient to support the projected 2050 GBWSS demand at the 2050 development
level with the two Lesotho Lowland dams in place and no mitigation releases from the two dams.

Scenario 7b: Scenario 5f with an increased raw transfer capacity from Gariep Dam to GBWSS until the
GBWSS yield is sufficient to support the projected 2050 GBWSS demand at the 2050 development level
with the two Lesotho Lowland dams in place and no mitigation releases from the two dams.

Scenario 8: Increase the sizes of the Lesotho Lowland dams

Determine the increased size of both Hlotse and Ngoajane dams to increase the yield from these
two dams so that they can supply the required compensation releases.

Scenario 8a: Scenario 5b with increased Hlotse Dam and yield channel on Hlotse Dam.
Scenario 8b: Scenario 5b with increased Ngoajane Dam and yield channel on Ngoajane Dam.
Scenario 9: Impact of Lesotho Lowland dams with compensation releases included

Determine the impact of both Lesotho dams with compensation releases on the GBWSS (9a) and
ORP (9b). The yield from Scenario 9a should be Oto the yield of Scenario 6a. The yield from
Scenario 9b should be Oto the yield of Scenario 6b.

Scenario 9a: Scenario 5b and Scenario 8 with impact of both Lesotho Lowland dams on the GBWSS
with compensation releases.

Scenario 9b: Scenario 5b and Scenario 8 with impact of both Lesotho Lowland dams on the ORP with
compensation releases.

Scenario 10: Increased potable water transfer from Gariep Dam to GBWSS including
compensation releases

Determine increased transfer capacity with compensation releases from the Lesotho Lowland
dams until the GBWSS vyield is sufficient to support the projected 2050 GBWSS demand.

Scenario 10: Scenario 9a with increased transfer capacity from Gariep Dam.
Scenario 11: Long-term stochastic yield analysis

Select the final Scenario to carry out along-term stochastic yield analysis on the GBWSS.
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3.1.3 Phase 3 Scenario

Following the completion of the Phases 1 and 2 scenario analyses, the preferred transfer Xhariep
pipeline route as well as the abstraction and transfer capacity for augmentation of the GBWSS up to
2050 were available. A final, high-level sensitivity analysis was thus undertaken to assess the possible
impact of the GBWSS abstractions from Gariep Dam on downstream users along the Orange system -
and specifically the increased likelihood of more frequent/severe curtailments.

3.2 Scenario Analysis and Results

Essentially, the purpose of the scenario analyses undertaken as part of this assessment was to
determine the yield of each specific scenario, which was then compared with the current or future water
requirements of the system as applicable. Both potable yield and raw water yield values were
determined for each scenario, with raw water yield simply achieved by reducing the losses at the WTWs
in the WRYM to zero. The losses at the different WTWs were assumed to be constant for all the
scenarios.

As mentioned previously, historical firm yield analyses were carried out for the initial scenarios with a
stochastic yield analysis (Scenario 11) only undertaken to confirm the adequacy of the proposed
(preferred) Gariep Dam Transfer Scheme scenario in terms of meeting the projected 2050 GBWSS
demand at the required assurance of supply.

The scenario analyses and results are discussed below.

Table 3-16 provides a summary of the results (potable yields) for each scenario.

3.21 Phase 1 Results

3.21.1 Scenario A: Validation of new WRYM configuration

Validate the “new” WRYM configuration specifically configured for this assignment and
establish if it correlates with the recent analyses undertaken as part of the 2018 Mangaung
Study.

The potable HFY calculated for this scenario is 73 million m®/a as opposed to the 75.4 million m%/a
determined in the Mangaung study. Reasons for the difference may include the model configuration
dissimilarities between the WRPM and the WRYM and slight variances in the operating levels of the
dams as well as differences in demands - although at the same development level (2018). However,
for the purposes of this analysis the values are considered sufficiently close.

3.21.2 Scenario 1: Current system (Status Quo) yield

Determine maximum supply capacity (Yield) of the current bulk water supply system, including
the raising of existing dams.

Scenario la: Consider current (2023) operational capacities of the various bulk water supply
components.

The operational capacities of the various bulk water supply components in the system and upstream
demands as at the 2023 development level were applied to this scenario. The capacity of the
Welbedacht WTW was set as 1.29 m®s based on observed transfer volumes for the past number of
years. The applied capacity of Groothoek WTW (0.06 m®/s) was based on the HFY of Groothoek Dam
as applied in the AOA WRPM configuration.

The potable HFY for this scenario was calculated as 65 million m%/a and reflects the current operating
capacities of the various bulk water supply components in the GBWSS.
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Scenario 1b: Consider maximum design capacity (MDC) of the various bulk water supply
components.

For this scenario the maximum design capacity (MDC) x 80% for WTWs and pump stations and MDC x
100% for pipelines were applied. However, where the current operating capacity (COC) exceeds MDC
x 80% in the case of WTWs and pump stations, the COC was used. As a result, the WTWSs capacities
of Rustfontein and Maselspoort remained as in Scenario 1a but that of Groothoek and Welbedacht were
increased. The flows for the Novo transfer and Tienfontein pump station also remained at 2.2 m%s and
3.71 m®/s respectively. The pipeline capacities are in accordance with the volumes configured to be
pumped from the WTWs and pump stations; no other limits are applied to any of the pipelines in the
system.

The potable HFY for this scenario was calculated as 66 million m%/a, which is 7 million m%a less than
for Scenario A. This is mainly attributed to the increase in demand within the larger GBWSS and the
upper Caledon River catchment over the period of five years, from 2018 to 2023. The increase in the
GBWSS demands alone, was 10 million m3a between 2018 and 2023 development levels. Flows in
some of the channels indicated on the schematic of the Mangaung Study were compared to the flows
generated for this scenario. A significantly lower flow in the Caledon River at Tienfontein and into
Welbedacht Dam were observed for Scenario 1b in this study. This is due to upper Caledon increased
demands between 2018 and 2023.

For this scenario the potable yield is 1 million m3/a more than that from Scenario 1a mainly due to the
increased operating capacity at Welbedacht WTW (MDC x 80%). At this scenario the maximum system
yield is achieved with the current infrastructure ability before intervention options were introduced. Flows
at the Novo transfer and Tienfontein pump stations reached their maximum pump capacities of 2.2 m3/s
and 3.71 m¥/s respectively, with average flows of 0.736 m3/s and 0.856 m%/s.

Scenario 1b(i): Use MDC x 80% for all water treatment works (WTWs) and pump stations and
MDC x 100% for pipelines.

Since the COC, as obtained from the AOA 2022/23 study, was applied in Scenario 1b for the Rustfontein
and Maselspoort WTWs as well as Tienfontein and Novo pump stations, Scenario 1b(i) allowed for the
application of MDC x 80% for all water treatment works (WTWSs) and pump stations. Smaller values
were therefore applied for the Rustfontein and Maselspoort WTWSs as well as Tienfontein and Novo
pump stations in this scenario compared to Scenario 1b. For this scenario the WTW capacities at
Rustfontein and Maselspoort were 0.926 m®/s and 1.019 m®/s respectively. The pumping capacities at
Novo and Tienfontein were 1.760 m®/s and 2.968 m®/s respectively.

For this scenario the potable HFY was calculated as 61 million m%/a (5 million m3/a less than Scenario
1b). The decrease in yield is due to the smaller capacities (MDC x 80%) applied to all the WTWs and
pump stations in the GBWSS, specific for this scenario.

Scenario 1c: Scenario 1b with raising both Rustfontein Dam and Knellpoort Dam through the
implementation of fuse gates.

This scenario was based on the Scenario 1b configuration with increased storage at both Knellpoort
Dam and Rustfontein Dam by means of implementing fuse gates. It was decided to determine the impact
of raising the storage levels at both Knellpoort and Rustfontein Dams prior to analysing intervention
options scenarios. The tables below show the Full Supply Elevation (FSE), Full Supply Capacity (FSC)
and Full Supply Area (FSA) for both Rustfontein and Knellpoort Dams at the current and increased
storage levels.

Table 3-2: Rustfontein Dam area-capacity characteristics

Rustfontein Dam Current +1m +2m
FSE (masl) 1373.03 1374 1375
FSC (million m?) 72.11 84.15 98.00
FSA (km?) 11.65 13.29 15.50
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Table 3-3: Knellpoort Dam area-capacity characteristics

Knellpoort Dam Current +1m +2m
FSE (masl) 1452.1 1453.1 1454.1
FSC (million m?) 135.59 146.50 157.20
FSA (km?) 9.83 10.63 11.30

Scenario 1c(i): Scenario 1b with raising both Rustfontein Dam and Knellpoort Dam by 1 m each
through the implementation of fuse gates.

This scenario entailed the same configuration as for Scenario 1b with raising both Rustfontein Dam and
Knellpoort Dam by 1 m each. The area-capacity characteristics of all the dams in the GBWSS were
updated during the AOA 2022/23 study. The current FSA and FSC of Rustfontein Dam are 11.65 km?
and 72.11 million m3. The updated area-capacity-elevation characteristics for Rustfontein Dam extends
to an elevation level of up to 1374 metres above sea level (masl) as opposed to the current full supply
level at 1373.03 masl. At a level of 1374 masl the FSA is 13.29 km? and the FSC is 84.15 million m?.

The current FSA and FSC of Knellpoort Dam are 9.83 km? and 135.59 million m®. The updated area-
capacity-elevation characteristics for Knellpoort Dam extends to an elevation level of up to 1456 masl
as opposed to the current full supply level at 1452.1 masl. The FSA and the FSC were interpolated for
a 1 m higher level at 1453.1 masl with values of 10.63 km? and 146.5 million m? respectively.

In addition to raising both dams simultaneously, analyses to determine the impact of increasing
individual dam levels were also undertaken.

This scenario indicated an increase of 2 million m%a in the potable HFY, compared to Scenario 1b, for
raising both Rustfontein and Knellpoort dams simultaneously by 1 m. The same potable yield was
achieved by raising these dams by 1 m individually.

Scenario 1c(ii): Scenario 1b with raising both Rustfontein Dam and Knellpoort Dam by 2 m each
through the implementation of fuse gates.

This scenario entailed the same configuration as for Scenario 1b with raising both Rustfontein Dam and
Knellpoort Dam by 2 m each. One additional level was extrapolated for Rustfontein Dam based on the
area-capacity curve. At a level of 1375 masl the FSA is 15.5 km? and the FSC is 98 million m3. For
Knellpoort Dam the FSA and the FSC were interpolated for a 2 m higher level at 1454.1 masl| with values
of 11.3 km?and 157.2 million m3respectively.

In addition to raising both dams simultaneously, analyses to determine the impact of increasing
individual dam levels were also undertaken.

The potable yield increased with 3 million m3/a, in comparison to Scenario 1c(i), by raising the storage
levels of both Rustfontein and Knellpoort dams simultaneously with another meter. The same yield was
achieved by raising these dams individually. The potable yield for this scenario is 5 million m%a more
than that of Scenario 1b.

3.2.1.3 Scenario 2: Impact of 2035 and 2050 upstream development levels on the
current system yield

Determine the impact of possible future water resources developments and increased water
demands in upper Caledon catchment on the maximum supply capacity (Yield) of the current
GBWSS.

Scenario 2: As Scenario 1b and taking into consideration proposed upstream, future water
resources developments and increased use in the Caledon River upstream of the Tienfontein
abstraction under both 2035 and 2050 development levels.

The operational capacities of the various bulk water supply components as configured for Scenario 1b
and the system and upstream demands and water resources developments as at the 2035 and 2050
development levels were applied in this scenario. Future water resources developments in the upper
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Caledon catchment including Hlotse and Ngoajane dams and estimated future water use/transfers from
these dams were included in this scenario (see Section 2.2.5). To accommodate the lengthy
implementation schedule characteristic of large dams, Ngoajane Dam was not included in the 2035
development level analysis, but only for the 2050 scenario. The capacity of Mockes Dam was also
increased from 3.58 million m® to 12.13 million m3 for this scenario, while the capacities of Rustfontein
and Maselspoort WTW were also increased and set to 80% of their new MDCs.

Applying the Scenario 1b configuration at the 2035 and 2050 development levels resulted in potable
yields of 54 and 50 million m%/a respectively. This is 12 million m%/a (18%) and 16 million m%a (24%)
less than the corresponding Scenario 1b system yields at the 2023 development level and is mainly
attributed to the increase in demands in the GBWSS catchment area and in the upper Caledon River
catchment due to future development as well as the development of new dams in the upper Caledon
catchment.

3.21.4 Scenario 3: GBWSS Reconciliation Strategy Study (2012) and other
identified interventions

Determine potential increase in current system yield through implementation of previously
identified interventions as well as additional intervention options.

Scenario 3a: As Scenario 1b with two new pipelines, one from Knellpoort Dam to Welbedacht
WTW and another one from Welbedacht Dam to Knellpoort Dam including a transfer
pumpstation. This entails a pumped transfer from Welbedacht Dam to Knellpoort Dam (2 m?/s)
and a pumped transfer from Knellpoort Dam to Welbedacht WTW (0.665 m?/s).

This scenario entailed the same configuration as for Scenario 1b with the addition of the “bi-directional”
pipelines between Welbedacht Dam and Knellpoort Dam and Welbedacht WTW as an intervention
option. Water is abstracted from Welbedacht Dam (when excess water is available) and pumped to
Knellpoort Dam at a maximum capacity of 2 m®/s. Furthermore, water may be abstracted from Knellpoort
Dam and pumped to a reservoir from where the water can gravitate to the Welbedacht WTW. This
intervention is to support pumping from Tienfontein and overcome the silt issues at the Welbedacht
WTW.

For the “bi-directional” pipeline intervention option, maximum capacity needs to be pumped from the
Welbedacht WTW. Therefore the Welbedacht WTW operational capacity was increased from 116 Ml/d
(1.344 m3/s; 42 million m3/a) to 137 Ml/d (1.596 m?/s; 50 million m?/a) for this scenario. The raw water
capacity at the Welbedacht WTW remained unchanged at 1.493 m®/s from Scenario 3a onwards due to
the addition of the bi-directional pipeline. Subsequently the capacity of the raw water input was smaller
than the capacity of the potable water output for scenarios to follow.

The inclusion of the “bi-directional” pipeline between Knellpoort Dam and Welbedacht Dam-WTW, as
an intervention option, resulted in a potable yield of 83 million m3%a. This is an increase of 17 million
m3/a compared to that from Scenario 1b. The increased operational capacity to 137 Ml/d (1.596 m3/s)
for the Welbedacht WTW applied for this scenario seemed to be effective. It is important that the
maximum possible water be pumped from Welbedacht WTW to Bloemfontein. Although the Bloemwater
(2019) design report indicated that only 21 million m%a (0.665 m3/s) should be transferred from
Knellpoort Dam to the Welbedacht WTW, it can be considered to increase this capacity to the capacity
of the Welbedacht WTW. In so doing the maximum volume can still be pumped from Welbedacht Dam
via Knellpoort Dam to Welbedacht WTW when maintenance needs to be done between Welbedacht
Dam and Welbedacht WTW. This intervention option resulted in a significant yield increase of almost
26% and should be investigated further.

Scenarios 3b and 3c are the same as Scenario 1c(i) and Scenario 1c(ii).
Scenario 3d: As Scenario 1b with increased pump capacity at Tienfontein pump station (7 m?/s).

This scenario entailed the same configuration as for Scenario 1b with an increased pump capacity
(7 m¥/s) at Tienfontein pump station as an intervention option.
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The increase in pump capacity at Tienfontein from 3.71 m%/s to 7 m%s resulted in an increase in the
potable yield of 8 million m3%/a in comparison with that from Scenario 1b. This intervention option resulted
in a 12% increase in yield and should be considered in further detailed analyses.

Scenario 3e: Combine Scenarios 3a, 3b, 3c and 3d to maximise additional system yield.

For this scenario, the configuration of Scenarios 3a, 3b, 3c and 3d were combined to maximise additional
system yield. If further analyses find that not all scenarios are viable; only the viable interventions under
Scenarios 3a, 3b, 3c and/or 3d should be included in an optimal combined scenario.

For Scenario 3e, the best combination of scenarios among Scenarios 3a, 3b, 3c and 3d was selected.
Since the volume of yield gained in raising both Rustfontein and Knellpoort dams is not more than
5 million m® compared to the possible expected costs applicable to the implementation of fuse gates at
both these dams, this intervention option was considered not viable. The configuration for Scenario 3e
was therefore set up to incorporate the changes as per Scenarios 3a and 3d i.e. the increase of
Tienfontein pump station capacity and the implementation of the “bi-directional” pipeline. The potable
yield for Scenario 3e is 89 million m?®/a, which is 23 million m3a more than the potable yield for Scenario
1b. The increase in yield for the combined option is slightly lower than adding the yield increase from
the options considered on an individual basis (25 million m%a increase). This is due to both options
pumping water into Knellpoort Dam while the available storage in Knellpoort Dam did not increase.

Scenario 3f: Best combination from Scenario 3e with Novo pump station and Novo pipeline
upgrade to 4.8 m%/s.

For this scenario the best combination from Scenario 3e was configured together with the Novo pump
station and Novo pipeline upgrade to 4.8 m¥/s.

This scenario doesn’t seem to have an impact on the system yield as the potable yield for this scenario
remains at 89 million m%/a — the same as Scenario 3e. The only difference was a slight change in some
of the channel flows when compared to Scenario 3e. This intervention option might only really be viable
if raw water is pumped from Gariep Dam to Knellpoort Dam to ensure that sufficient volumes can be
transferred to Rustfontein Dam to fully utilise the transfers from Gariep Dam. It was however included
in the analyses of the remaining scenarios.

Scenario 3g: As Scenario 3f with re-use implemented. Increase Mockes Dam capacity to 12.132
million m3; also increase Maselspoort WTW capacity to 113.6 Ml/d.

This scenario entailed Scenario 3f with re-use implemented at 25% of the AADD based on the capacities
of the three largest WWTWs i.e. Bloemspruit, Sterkwater and New North Eastern plants. This equates
to 141 Ml/d x 0.25 = 35.25 MI/d or 0.408 m3/s or 12.875 million m®. The increased capacity of Mockes
Dam, 12.13 million m?, also applied to this scenario.

The results for this scenario show that this intervention has a significant effect on the system yield. With
a potable yield of 101 million m®/a, Scenario 3g yields 12 million m3/a more potable water to the GBWSS
than Scenario 3f. This shows that the re-use volume was utilised effectively as only a small portion
(6.7%) of the input return flows were lost. With the implementation of re-use as an intervention option,
the capacity of Mockes Dam was also increased. This scenario was also tested with an increased
capacity of Maselspoort WTW, which is expected to be increased along with Mockes Dam’s storage
capacity, however, this didn’t result in any change in the system yield.

3.2.1.5 Scenario 4: Gariep Dam to Bloemfontein pipeline

Determine further potential increase in the system yield through implementation of Gariep Dam
to Bloemfontein pipeline.

Scenario 4a: As Scenario 3g with potable water supplied from Gariep Dam to Bloemfontein. MDC
of 100% for new WTW, pump stations and pipelines.

This scenario entailed the re-configuration of Scenario 3g with potable water supplied from Gariep Dam
to Bloemfontein. In the WRYM configuration the volume of 60 million m3/a supplied from Gariep Dam is
directly connected to an existing node (50) located between the Welbedacht WTW and Bloemfontein
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demand centre. The WRYM is a monthly time-step model and analyses monthly flows. Daily and weekly
flow variances were therefore considered negligible and the average monthly flow of 1.901 m®s was
applied. For this scenario a “Gariep dummy dam” was configured to ensure that the 60 million m3/a can
be supplied as and when needed for the GBWSS (only required to simplify the modelling). This operating
rule allows for the local water resources in the GBWSS as well as the re-use to be utilised first up to a
maximum, before water supply is augmented from the “Gariep dummy dam”. The dummy dam was
configured with a constant supply of 1.909 m®s (60 million m®/a) through a min-max channel into a 60
million m® dam. From the dam a min-max channel with a lower limit of 0 m?/s to an upper limit of 1,901
m?3/s was connected to node (50). This means that the water supply from Gariep Dam can be 0 if the
water supply from the local resources in the GBWSS is sufficient, or it can increase up to 1.901 m¥%s
when support is needed.

The potable yield for this scenario was calculated as 161 million m3a, which indicates that the 60 million
m? from Gariep Dam is integrated into the GBWSS effectively. This results in a significant increase in
yield of almost 60%. It is evident that although Scenario 4a provides the highest system vyield of 161
million m3a, the utilisation of GBWSS’s own resources was not that good. The spills from GBWSS
storage dams for this scenario is also high in comparison with the other options.

Scenario 4a(i): As Scenario 3g with potable water supplied from Gariep Dam to Bloemfontein but
usage from below 84% in Rustfontein Dam has priority over the transfers from Gariep Dam

This scenario was an optimisation of Scenario 4a to ensure that local resources within the GBWSS are
optimally used before potable water is supplied from Gariep Dam. If the gross storage in Rustfontein
Dam is more than 84% and the demand on the system can still not be met, then water is transferred
from Gariep Dam. From the Scenario 4a results, it was evident that when transfers from Gariep Dam
took priority over the utilisation of the storage in Rustfontein Dam when the dam is below 1 372 masl or
84% of its gross storage, this resulted in reduced Novo transfers and less pumping from Tienfontein.
The operating rule for Scenario 4a was thus changed so that the usage from below 84% in Rustfontein
has priority over the transfers from Gariep Dam.

Results from Scenario 4a(i) showed a reduction of 4 million m%a in the total system yield, now being
157 million m®/a. The spills from this option however reduced by 5.4 million m%/a with the average volume
transferred from Gariep Dam reducing by 15.7 million m3/a. On top of this the utilisation of the system’s
own resources increased by almost 10 million m3%a, showing a much more efficient scenario that will
also significantly reduce pumping costs.

Scenario 4a(ii): As Scenario 1b without intervention options but with potable water supplied from
Gariep Dam to Bloemfontein

This scenario entailed the re-configuration of Scenario 1b and Scenario 4a combined but excluding any
of the GBWSS Reconciliation Strategy Study (2012) intervention options as well as additional
intervention options. This was done to establish the impact of support from Gariep Dam to Bloemfontein
alone.

The potable yield for this scenario was determined as 120 million m%/a. This yield is 54 million m® more
than the yield of 66 million m® as per Scenario 1b and 41 million m? less than the potable yield of Scenario
4a. Although supply from Gariep Dam is integrated into the GBWSS fairly effectively, a significant
decrease is observed when none of the intervention options are applied.

Scenario 4b: As Scenario 3g with raw water supplied from Gariep Dam to Knellpoort Dam. MDC
of 100% for new pump stations and pipelines.

This scenario entailed the configuration of Scenario 3g with a maximum raw water volume (60 million
m?3/a) available from Gariep Dam to Knellpoort Dam. For the scenarios where raw water is supplied from
Gariep Dam to the GBWSS, the Rustfontein and Maselspoort WTWSs should be operated as close to
MDC as possible. Therefore the operating capacities of these WTWs were increased from 100 Ml/d
(1.157 m¥/s; 36.5 million m3/a) to 133 Ml/d (1.538 m%/s; 48.5 million m%/a) and from 110 Ml/d (1.273 m®/s;
40.2 million m%a) to 114 Ml/d (1.315 m®/s; 41.5 million m?/a) for Rustfontein WTW and Maseslpoort
WTW respectively.
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The potable yield for this scenario was calculated as 143 million m%/a which is 18 million m® less than
for Scenario 4a. The reason for the decrease in yield can be attributed mainly to the losses between the
Novo outfall and Rustfontein Dam as well as a reduced transfer volume from Gariep Dam as transfers
cannot take place when Knellpoort Dam reaches its full supply storage. The results showed that the
spills from Scenario 4b is somewhat highed and the utilisation of the system’s own resources not that
good. The analysis results showed that the transfers from Gariep Dam only stop when Knellpoort Dam
reaches 100% of its storage capacity. This results in unnecessary spills from Knellpoort Dam as well as
reduced pumping from Tienfontein pump station.

Scenario 4b(i): As Scenario 4b with raw water supplied from Gariep Dam to Knellpoort Dam and
Welbedacht WTW capacity equal to Welbedacht-Bloemfontein transfer pipeline capacity

This scenario was as Scenario 4b, but with the addition of increasing the operational capacity of
Welbedacht WTW from 1.596 m®/s to 1.68 m®/s which is the same as the capacity of the Welbedacht-
Bloemfontein transfer pipeline, i.e. the potable outflow from the WTW.

The potable yield for this scenario was calculated as 144 million m3/a (1 million m3/a more than Scenario
4b)

Scenario 4b(ii): As Scenario 4b with raw water supplied from Gariep Dam to Knellpoort Dam but
transfers from Gariep Dam stopped when Knellpoort Dam reaches 90% of its gross storage

This scenario was an optimisation of Scenario 4b to ensure that local resources within the GBWSS are
optimally used before raw water is supplied from Gariep Dam. If the gross storage in Knellpoort Dam
reaches 90% (1 450.63 masl) of its gross storage, then raw water transfers from Gariep Dam stops.

The potable system yield for this option decreased by 3 million m3/a from 143 million m%/a to 140 million
m3/a compared to Scenario 4b. For this scenario, the combined spills from the system reduced by almost
2.4 million m%a with transfers from Gariep Dam reducing by 16.3 million m3/a. The utilisation of the
system’s own resources increased by 9.3 million m%/a. Thus, although the system yield reduced by 3
million m%/a, this scenario utilises the water from the system’s own resources more effectively.

Scenario 4b(iii): As Scenario 4b(ii) with increased WTW capacities at Maseslspoort, Rustfontein
and Welbedacht.

Building on Scenario 4b, the operational capacities of Rustfontein, Maselspoort and Welbedacht WTW
were increased to 2.602 m%/s, 2.315 m®/s and 1.693 m®/s respectively. These flows refer to the raw input
to the WTWs.

These adjustments had little to no effect and the potable system yield remained the same as for Scenario
4b(ii) at 140 million m%/a.

Scenario 4c(i): As Scenario 3g with raw water supplied from Gariep Dam to Rustfontein Dam at
the Novo outfall. MDC of 100% for new pump stations and pipelines

This scenario entailed the re-configuration of Scenario 3g with raw water supplied from Gariep Dam to
Rustfontein Dam via the Novo outfall. It is important to bear in mind that the losses between the Novo
outfall (where the water pumped from Knellpoort Dam is released into the Modder River) and Rustfontein
Dam are modelled as 23%. In the WRYM configuration the volume of 60 million m%a supplied from
Gariep Dam was directly connected to an existing node (83), Novo outfall, located between the
Knellpoort Dam and Rustfontein Dam and subject to these losses. The operating levels in Rustfontein
Dam should be adjusted accordingly to prevent additional spills from the dam.

The yield of 142 million m%/a for this scenario is 1 million m%a less than for Scenario 4b and 19 million
m?/a less than Scenario 4a. The main reason for this significant reduction in yield is the losses along
the river from the Novo outfall to Rustfontein Dam as well as reduced abstractions by Tienfontein pump
station. Due to the high storage levels in Rustfontein Dam for this scenario much lower transfers from
Knellpoort Dam were required, resulting in high storage levels in Knellpoort Dam and related reduced
pumping from Tienfontein pump station.

Scenario 4c(i)a: As Scenario 4c(i) with increased WTW capacities at Maseslspoort, Rustfontein
and Welbedacht.
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Building on Scenario 4c(i), the operational capacities of Rustfontein, Maselspoort and Welbedacht WTW
were increased to 2.602 m%/s, 2.315 m®/s and 1.693 m®/s respectively. These flows refer to the raw input
to the WTWs.

The above adjustments resulted in a drop in potable system yield of 1 million m®/a.

Scenario 4c(ii): As Scenario 3g with raw water supplied from Gariep Dam directly to Rustfontein
Dam. MDC of 100% for new pump stations and pipelines.

This scenario entailed the re-configuration of Scenario 3g with raw water (60 million m®/a) supplied from
Gariep Dam directly to Rustfontein Dam. For the scenarios where raw water is supplied from Gariep
Dam to the GBWSS, the Rustfontein and Maselspoort WTWs should be operated as close to MDC as
possible. Therefore, the operating capacities of these WTWs were increased from 100 Ml/d (1.157 m®/s;
36.5 million m®/a) to 133 Ml/d (1.538 m®/s; 48.5 million m%/a) and from 110 MI/d (1.273 m®/s; 40.2 million
m3/a) to 114 MI/d (1.315 m?/s; 41.5 million m?/a) for Rustfontein WTW and Maseslpoort respectively.

The potable yield under this scenario increased significantly from 142 million m* in Scenario 4c(i) to 154
million m%/a. The increase is mainly due to avoiding the losses through the Novo outfall route. The yield
is still 7 million m%a less than the yield from Scenario 4a due to the reduced pumping from Tienfontein
pump station as explained for Scenario 4c(i). Results for this scenario indicated the second highest
system yield of all the transfer options. From the results it was however evident that the WTW capacities
at Rustfontein Dam and possibly also at Welbedacht Dam were limiting the system yield.

Scenario 4c(iii): As Scenario 4c(ii) with raw water supplied from Gariep Dam directly to
Rustfontein Dam and increased capacities for Rustfontein WTW, Welbedacht WTW and
Maselspoort WTW

This scenario is as Scenario 4c(ii) but with the addition of increasing the capacities of Rustfontein WTW,
Welbedacht WTW and Maselspoort WTW in the WRYM configuration as summarised below. For
Welbedacht WTW the capacity of the raw water input was increased. However. the potable output
remained as before since it is already close to the MDC of the Welbedacht-Bloemfontein pipeline.

Table 3-4: WTW capacities Scenario 4c(ii) and 4c(iii)

Water Treatment Scenario 4c(ii) capacity (m?/s) Scenario 4c(iii) capacity (m?/s)
Works Raw Potable Raw Potable
Rustfontein 1.672 1.538 2.500 2.300
Welbedacht 1.493 1.596 1.693 1.596
Maselspoort 1.429 1.315 2.200 2.024

As expected, this scenario resulted in an increased system yield of 156 million m3/a, 2 million m%/a more
than the yield from Scenario 4c(ii). Results further indicated (Figure 5-1) that the utilisation of the
system’s own resources was low and the transfer volume from Gariep Dam relatively high. It was evident
that transfers from Gariep Dam only stopped when Rustfontein Dam reached its full supply storage. This
resulted in low Novo transfers and less pumping from Tienfontein pump station.

Scenario 4c(iv): As Scenario 4c(iii) with raw water supplied from Gariep Dam to Rustfontein Dam
but transfers from Gariep Dam are to stop when Rustfontein Dam reaches 1 372.5 masl or 92%
of its gross storage capacity.

This scenario is similar to Scenario 4c(iii), but the operating levels in Rustfontein Dam were adjusted
accordingly to prevent additional spills from the dam and to stop transfers from Gariep Dam when
Rustfontein Dam reaches 1 372.5 masl or 92% of its gross storage capacity.

Although this Scenario resulted in a decrease in the system yield of 3 million m?/a, the utilisation of the
existing resources increased by 14.4 million m%/a and the transfers from Gariep Dam reduced by 13.9
million m%/a to 41.0 million m%/a. The combined spills reduced by 2.9 million m3/a. These results clearly
show that Scenario 4c(iv) is significantly more effective than Scenario 4c(iii).
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Scenario 4d: As Scenario 3g with raw water supplied from Gariep Dam to both Knellpoort Dam
and Rustfontein Dam via the same pipeline. MDC of 100% for new pump stations and pipelines.

This scenario entailed the configuration of Scenario 3g with raw water (60 million m%/a) supplied from
Gariep Dam to both Knellpoort Dam and Rustfontein Dam via the same pipeline. In the WRYM
configuration the volume of 60 million m%a supplied from Gariep Dam is directly connected to a new
node (6500) from where the support from Gariep Dam splits to Rustfontein and Knellpoort Dam
respectively. Initial analyses allowed the model to “decide” the extent and supply pattern of the supply
from Gariep to each dam based on the penalty structure in this WRYM configuration.

With raw water supplied from Gariep Dam directly to both Rustfontein and Knellpoort dams in this
scenario, the potable yield was calculated as 153 million m%/a. The decrease in yield of 1 million m%a,
compared to the previous scenario, is partly due to losses when supplied through Knellpoort Dam as
well as the limited capacity at Welbedacht WTW. The main reason for the reduced yield versus Scenario
4a is the reduced pumping from Tienfontein pump station.

Scenario 4 results from the different Gariep Dam to GBWSS transfer options are compared in Figure
3-1.

Gariep GBWSS Transfer Options
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Figure 3-1: Comparison of Gariep Dam to GBWSS transfer options

Note: The primary y-axis reflects yield values. The secondary y-axis reflects the average transfer
volume from Gariep Dam, the average usage from the GBWSS own resources and the average
combined spills from Mockes and Welbedacht dams. The spill volumes are quite high and to plot them
for comparative purposes on the same graphs the actual average spill volume over the analysis period
is the value as given on the graph plus 800 million m3/a. It is important to also evaluate the spills from
the different scenarios, especially at Mockes and Welbedacht dams. Lower spill volumes indicate a more
effective option or scenario and related operating rules.

3.2.1.6 Scenario 5: The impact of 2035 and 2050 upstream development levels on
the future system yield

Determine the impact of possible future water resource developments and increased water
demands in upper Caledon catchments on maximum supply capacity (Yield) of the future
GBWSS.
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Scenario 5: Best case of Scenarios 4ato 4d but include proposed future dams in upper Caledon
catchment i.e. Hlotse and Ngojane dams (Caledon upstream of Tienfontein). Include future
estimated water use/transfers from these dams. Increase existing water demands in upper
Caledon and upper Orange/Senqu catchments to 2050 demands based on readily available
information

For these scenarios, the best-case scenario among scenarios 4a to 4d (both raw and potable) was
selected and configured in the WRYM including the proposed future dams (see Scenario 2) in the upper
Caledon and Orange/Senqu catchments and the upstream demands as at the 2035 and 2050
development levels. The capacity of Mockes Dam was increased from 3.58 million m® to 12.13 million
m?3. The capacities of Rustfontein and Maselspoort WTW were also increased for to at least 80% of the
new MDC or as required

Scenario 5a: As Sc4a at the 2035 development level with a Bloemfontein-Rustfontein link
direction Bloemfontein

Demands for 2035 were imposed but Ngoajane Dam was not yet included. Transfer from Gariep Dam
was set to a minimum of 0.75 m3¥s with a maximum limit of 1.901 m%/s. The potable outflow from
Rustfontein WTW was set to 2.19 m%s and that of Maselspoort to 1.273 m®/s. The raw water inflow to
Maselspoort WTW was set to a minimum of 0.5 m®/s and the potable outflow from Welbedacht WTW is
limited to 1.4 m%/s. Rustfontein Dam operating level was fixed at 1372.5 masl.

Scenario 5bA: As Sc4a at the 2050 development level with an unlimited capacity Bloemfontein-
Rustfontein link direction Bloemfontein

Demands for 2050 were imposed with both planned Lesotho Lowland dams included. Transfers from
Gariep Dam was set to a minimum of 0.75 m®/s with a maximum limit of 1.901 m®%/s. The potable outflow
from Rustfontein WTW was set to 2.19 m¥s and that of Maselspoort to 1.273 m®/s. The raw water inflow
to Maselspoort WTW was set to a minimum of 0.5 m%/s and the potable outflow from Welbedacht WTW
limited to 1.4 m%/s. Rustfontein Dam operating level was fixed at 1372.5 masl.

Scenario 5bB: As Sc4a at the 2050 development level with an unlimited capacity Bloemfontein-
Rustfontein link direction Rustfontein

Demands for 2050 were imposed with both Lesotho Lowland dams included. Transfers from Gariep
Dam was set to a minimum of 1.5 m®/s with a maximum limit of 1.901 m?%s. The potable outflow from
Rustfontein WTW was set to 2.19 m®/s and that of Maselspoort to 1.273 m?s. There is no minimum limit
on the inflow to Maselspoort WTW and the potable outflow from Welbedacht WTW is limited to 1.4 m¥/s.
Rustfontein Dam operating level was fixed at 1372.5 masl.

The best-case scenario from the Gariep Dam augmentation scenarios in terms of maximum system
yield is Scenario 4a. When this scenario was applied with the future development levels in the upper
Caledon, the potable yield reduced to 145 million m%a and 131 million m3%a for 2035 and 2050
respectively. The system yield is sufficient to supply the GBWSS demand up to 2035. The 2035 and
2050 development levels resulted in yield reductions (compared against Scenario 4a) of 14 million m3%a
(9%) and 28 million m3/a (18%) which are quite significant. This option assumes that no compensation
releases will be made from the planned Lesotho Lowland dams (Hlotse and Ngoajane). This highlights
the importance of compensation releases to take place or to increase the transfer volume from Gariep
Dam.

For comparison purposes, Scenario 5a and 5b are further referred to as Option 1.

The application of Sc4a(i) with the future development levels in the Upper Caledon did not suffice and
was therefore omitted from this discussion onwards.

Scenario 5c¢c: As Scenario 4a(ii) at the 2035 development level.

Demands for 2035 were imposed but Ngoajane Dam was not yet included. No intervention options; only
the potable water transfer of 60 million m%/a from Gariep Dam to Bloemfontein.

Scenario 5d: As Scenario 4a(ii) at the 2050 development level.
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Demands for 2050 were imposed with both Lesotho Lowland dams included. No intervention options;
only the potable water transfer of 60 million m%a from Gariep Dam to Bloemfontein.

The potable yield reduced to 103 million m%/a and 93 million m?/a for 2035 and 2050 respectively. The
system vyield is not sufficient to supply the GBWSS demand up to 2035. The 2035 and 2050
development levels resulted in yield reductions (compared against Scenario 4a(ii)) of 17 million m%a
and 27 million m%a which is a similar reduction compared to Scenario 4a at the future development
levels.

Scenario 5e: As Scenario 4c(iv) at the 2035 development level (option 4).

Demands for 2035 were imposed but Ngoajane Dam was not yet included. Raw water transfer of 60
million m%/a from Gariep Dam to Rustfontein Dam. The potable outflow from Rustfontein WTW was set
to 2.19 m%/s and that of Maselspoort to 2.13 m¥/s.

Scenario 5f: As Scenario 4c(iv) at the 2050 development level (option 4).

Demands for 2050 were imposed with both Lesotho Lowland dams included. Raw water transfer of 60
million m%/a from Gariep Dam to Rustfontein Dam. The potable outflow from Rustfontein WTW was set
to 2.19 m%/s and that of Maselspoort to 2.13 m¥/s.

The best-case scenario from the Gariep Dam raw water augmentation scenarios in terms of optimal
system yield is Scenario 4c(iv). When this scenario is applied with the future development levels in the
upper Caledon, the potable yield reduced to 139 million m®a and 134 million m%/a for 2035 and 2050
respectively. The 2035 and 2050 development levels thus resulted in yield reductions (compared against
Scenario 4c(iv)) of 14 million m3/a and 19 million m3/a. It is interesting to observe the small difference in
yield at the 2035 and 2050 development levels. This can be attributed to the significant increase in the
capacities of the Rustfontein, Mockes and Welbedacht WTWs which allows for maximum utilisation of
both the resources within the GBWSS as well as the raw water support from Gariep Dam.

For comparison purposes, Scenario 5e and 5f are further referred to as Option 4.
Scenario 5j: As Scenario 4b(ii) at the 2035 development level (option 2).

Demands for 2035 were imposed but Ngoajane Dam was not yet included. Raw water transfer of 60
million m3%a from Gariep Dam to Knellpoort Dam. The potable outflow from Rustfontein WTW was set
to 2.19 m%/s and that of Maselspoort to 2.13 m¥/s.

Scenario 5h: As Scenario 4b(ii) at the 2050 development level (option 2);

Demands for 2050 were imposed with both Lesotho Lowland dams included. Raw water transfer of 60
million m3a from Gariep Dam to Knellpoort Dam. The potable outflow from Rustfontein WTW was set
to 2.19 m%/s and that of Maselspoort to 2.13 m¥/s.

The potable yield was calculated as 126 million m%a and 119 million m3a for 2035 and 2050
respectively. The 2035 and 2050 development levels resulted in yield reductions (compared against
Scenario 4b(ii)) of 14 million m%/a and 21 million m%a.

For comparison purposes, Scenario 5j and 5h are further referred to as Option 2.
Scenario 5k: As Scenario 4c(i) at the 2035 development level (option 3)

Demands for 2035 were imposed but Ngoajane Dam was not yet included. Raw water transfer of 60
million m%a from Gariep Dam to Novo outfall. The potable outflow from Rustfontein WTW was set to
2.19 m¥/s and that of Maselspoort to 2.13 m®/s.

Scenario 5i: As Scenario 4c(i) at the 2050 development level (option 3)

Demands for 2050 were imposed with both Lesotho Lowland dams included. The potable outflow from
Rustfontein WTW was set to 2.19 m®/s and that of Maselspoort to 2.13 m?s.

The potable yield was calculated as125 million m3/a and 120 million m3/a for 2035 and 2050 respectively.
The 2035 and 2050 development levels resulted in yield reductions (compared against Scenario 4c(i))
of 16 million m%a and 22 million m%a.
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For comparison purposes, Scenario 5k and 5i are further referred to as Option 3.
Scenario 5g: As Scenario 5b with yield channel on the ORP

Determine ORP vyield with proposed Lesotho Lowlands dams in place, but without any compensation
releases.

By moving the yield channel in Scenario 5b from the GBWSS to the ORP, a yield of 2 838 million m3/a
was obtained for the ORP in Scenario 5g. This is without compensation releases from the Lesotho
Lowland dams.

Scenario 5g can be compared to the ORASECOM Study where the yield for the ORP was determined
as 3 209 milion m%a. However, for the ORASECOM study it was assumed that Polihali and
Verbeeldingskraal Dams are already in place as well as Makhaleng Dam, while different development
levels in the Orange and Caledon catchments were also assumed.

3.2.2 Phase 2 Results

3.221 Scenarios to determine compensation releases from planned Lesotho
Lowland dams

Scenario 6: Impact of both Lesotho Lowland dams on GBWSS and ORP yield

Determine the impact of both Lesotho Lowland dams on GBWSS and ORP yield. The impact
should be “re-balanced” through compensation releases.

Scenario 6a: As Scenario 5b with Hlotse and Ngoajane dams switched off and yield channel on
GBWSS.

This scenario result indicated the yield for the system similar to when these dams weren’t impounding
water yet. Thus, the impact of both Lesotho Lowlands dams on the GBWSS is equal to the difference
between the yield established for Scenario 6a minus the yield of Scenario 5b.

The yield determined for the GBWSS for Scenario 5bA with Lesotho Lowlands dams switched off is 144
million m3/a. Thus, the impact of both Lesotho dams on the GBWSS is the yield of Scenario 6a minus
the yield of Scenario 5bA i.e. 144 - 131 = 13 million m%/a.

Scenario 6b: As Scenario 5b with Hlotse and Ngoajane dams switched off and yield channel on
ORP.

The impact of both Lesotho Lowlands dams on the ORP is equal to the difference between the yield
established for Scenario 6b minus the yield of Scenario 5g.

The yield determined for the ORP for Scenario 5bA with Lesotho Lowlands dams switched off is 2 885
million m3/a. Thus, the impact of both Lesotho dams on the ORP is the yield of Scenario 6b minus the
yield of Scenario 5g i.e. 2 885 — 2 838 = 47 million m3/a.

Scenario 6¢: As Scenario 6a but with only Hlotse dam switched on.

The impact of Hlotse Dam only on the GBWSS is equal to the difference between the yield established
for Scenario 6a, with both Lesotho Lowland dams switched off, minus the yield of Scenario 6¢, with only
Hlotse Dam switched on.

The yield determined for the GBWSS for Scenario 6a with only Hlotse Dam switched on is 131 million
m?/a. Thus, the impact of Hlotse Dam only on the GBWSS s the yield of Scenario 6a minus the yield of
Scenario 6¢ i.e. 144 - 131 = 13 million m%a. The difference between the Hlotse Dam impact versus the
impact of both Lesotho Lowland dams, is the impact as a result of the Ngoajane Dam. This is less than
1 million m%a based on the results obtained. A separate scenario was run to verify this which resulted
in a yield of 143 million m3a for the GBWSS if only Ngoajane Dam is switched on. It was therefore
accepted that the impact of Ngoajane Dam only on the GBWSS is 1 million m%/a.

Scenario 6d: As Scenario 6b with only Hlotse dam switched on.
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The impact of Hlotse Dam only on the ORP is equal to the difference between the yield established for
Scenario 6b, with both Lesotho Lowland dams switched off, minus the yield of Scenario 6d, with only
Hlotse Dam switched on.

The yield determined for the ORP for Scenario 6b with only Hlotse Dam switched on is 2 844 million
m3/a. Thus, the impact of Hlotse Dam only on the ORP is the yield of Scenario 6b minus the yield of
Scenario 6d i.e. 2 885 - 2 844 = 41 million m%/a

The difference between the Hlotse Dam impact versus the impact of both Lesotho Lowland dams is
the impact as a result of the Ngoajane Dam i.e. Scenario 6d - Scenario 5g = 2 844 — 2 838 = 6 million
m3/a. A separate scenario was run to verify this which resulted in a yield of 2 880 million m3/a for the
ORP if only Ngoajane Dam is switched on. It was therefore accepted that the impact of Ngoajane Dam
only on the GBWSS is 5 million m¥/a.

Based on the above results, the compensation releases required for the GBWSS and the ORP due the
impact of the Lesotho Lowland dams are summarised below.

Table 3-5: Compensation releases

Hlotse Dam Ngoajane Dam Total
GBWSS 13 1 14
ORP 41 5 46
Total 54 6

Scenario 8: Increase the sizes of the Lesotho Lowland dams

Determine the increased size of both Hlotse and Ngoajane dams to increase the yield from these
two dams so that they can supply the required compensation releases.

Scenario 8a: Scenario 5b with increased Hlotse Dam and yield channel on Hlotse Dam.

Hlotse Dam was modelled with a capacity of 96.5 million m* up to now. The current determined yield of
the dam is 85 million m3. A demand of 65.5 million m%a is imposed on the dam of which 19.4 million
m?3/a is for urban use and 46.2 million m? is for irrigation use. The EWR applied is 14.42 million m®/a.
For this scenario the dam’s capacity was increased to 150 million m3. The characteristics of Hlotse Dam
are indicated below:

Elevation masl 1579.7 1590 1600 1610 1620 1625 1631 1632 1634
Volume Mm?3 0 1.8 9.28 26.26 60.06 76.96 125 135 150
Area km? 0 0.35 1.15 2.25 451 5.64 7.4 7.45 8.25

Based on the compensation releases required from Hlotse Dam (54 million m%a) as well as the demand
on Hlotse Dam at the 2050 development level (65.6 million m%/a) and the EWR (14.6 million m%a), a
yield of 134.02 million m3/a is needed.

For Scenario 8a, Scenario 5bA was applied with an increased Hlotse Dam (from 96 to 150 million m3)
and the yield channel was moved to Hlotse Dam. A new yield of 118 million m3/a was determined. This
yield is not sufficient to supply the demand, EWR and compensation releases imposed on the dam.
Therefore, either the compensation releases and EWR need to be supplied in full and the planned
irrigation should be cut back with 16 million m3/a or the demand and EWR need to be supplied in full
and the compensation releases need to be cut back with 16 million m3/a.

The increased storage increased the yield of Hlotse Dam from 85 million m%/a to 118 million m%/a.
Scenario 8b: Scenario 5b with increased Ngoajane Dam and yield channel on Ngoajane Dam.

Ngoajane Dam has been modelled with a capacity of 31 million m® up to now. This is also the current
determined yield of the dam. A demand of 29.16 million m%a is imposed on the dam of which 23 million
m?/a is for urban use and 6.16 million m? is for irrigation use. The EWR applied is 8.02 million m3/a. For
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this scenario the dam’s capacity was increased to 65.7 million m®. The characteristics of Ngoajane Dam
are indicated below:

Elevation masl 1624.72 1630 1640 1650 1660 1670 1680 1685
Volume Mm3 0 0.22 1.76 6.13 15.34 30.76 54.03 65.67
Area km? 0 0.08 0.23 0.65 1.19 1.89 2.76 3.2

Based on the compensation releases required from Ngoajane Dam (6 million m®a) as well as the
demand on Ngoajane Dam at the 2050 development level (29.16 million m3/a) and the EWR (8.02 million
m3/a), a yield of 43.18 million m3/a is needed.

For Scenario 8b, Scenario 5bA was applied with an increased Ngoajane Dam (from 31 to 65.67 million
m3) and the yield channel was moved to Ngoajane Dam. A new yield of 42 million m3/a was determined.
This yield is not sufficient to supply the demand, EWR and compensation releases imposed on the dam.
Therefore, either the compensation releases and EWR need to be supplied in full and the planned
irrigation should be cut back with 1.18 million m3/a or the demand and EWR need to be supplied in full
and the compensation releases need to be cut back with 1.18 million m3¥/a.

The increased storage increased the yield of Ngoajane Dam from 31 million m3/a to 42 million m%/a.
Scenario 9: Impact of Lesotho Lowland dams with compensation releases included

Determine the impact of Hlotse and Ngoajane dams with compensation releases on the GBWSS
yield (9a) and ORP yield (9b). The yield from Scenario 9a should be Oto the yield of Scenario 6a.
The yield from Scenario 9b should be Oto the yield of Scenario 6b.

Scenario 9a: As scenario 5bA in combination with scenario 8 to establish the impact of both
Lesotho Lowland dams on the GBWSS with compensation releases.

The increased Lesotho Lowland dams’ capacities apply. The EWR, the demands as well as the
calculated compensation releases were imposed on the dams.

By introducing compensation releases from both Hlotse and Ngoajane dams, the GBWSS yield
increased to 142 million m*/a. Scenario 9a entails Scenario 5bA in combination with Scenario 8 with the
yield channel on the GBWSS to determine the impact of both Lesotho Lowland dams on the GBWSS
with compensation releases from these dams. The yield is 142 million m%a. The yield from Scenario 9a
should be Oto the yield of Scenario 6a, but this is not the case: 142 < 144 million m%a. With a deficit of
only 2 million m?a, the compensation releases from the larger Lesotho Lowland dams are almost
sufficient to “re-balance” the reduction in yield of the GBWSS due to these dams.

Scenario 9b: As scenario 5bA in combination with scenario 8 to establish the impact of both
Lesotho Lowland dams on the ORP with compensation releases.

The increased Lesotho Lowland dams’ capacities apply. The EWR, the demands as well as the
calculated compensation releases were imposed on the dams.

By introducing compensation releases from both Hlotse and Ngoajane dams, the ORP yield increased
to 2 849 million m3/a. Scenario 9b entails Scenario 5g in combination with Scenario 8 with the yield
channel on the ORP to determine the impact of both Lesotho Lowland dams on the ORP with
compensation releases from these dams. The yield is 2 849 million m%/a. The yield from Scenario 9b
should be Oto the yield of Scenario 6b, but this is not the case: 2 849 < 2 885 million m%a. With a deficit
of 36 million m%/a, the compensation releases from the larger Lesotho Lowland dams are not sufficient
to “re-balance” the reduction in yield of the ORP due to these dams.

3.2.2.2 Scenarios to determine transfer capacity from Gariep Dam to meet 2050

GBWSS demand

Scenario 7: Increased water transfer from Gariep Dam to GBWSS
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Determine increased transfer capacity (potable and raw water) until the GBWSS yield is sufficient
to support the projected 2050 GBWSS demand. No compensation releases from Lesotho
Lowlands dams.

Scenario 7aA: As Scenario 5bA with an increased potable transfer capacity from Gariep Dam to
GBWSS until the GBWSS yield is sufficient to support the projected 2050 GBWSS demand at the
2050 development level with the two Lesotho Lowland dams in place and no compensation
releases from the two dams.

The transfer from Gariep Dam was set to a minimum of 2.5 m?/s. The potable outflow from Rustfontein
WTW was set to 2.19 m?¥s and that of Maselspoort to 2.13 m®/s. The raw water inflow to Maselspoort
WTW was set to a minimum of 0.5 m%s and the potable outflow from Welbedacht WTW was limited to
1.4 m%/s. Rustfontein Dam operating level was fixed at 1372.5 masl. For this scenario the flow in the
link between Bloemfontein and Rustfontein was set in the direction of Bloemfontein.

To establish the volume to be transferred from Gariep Dam, the yield was fixed at 186 million m%a
(without the system failing), and the maximum limit of the transfer pipeline from Gariep Dam to
Bloemfontein was varied. Results indicated that a transfer volume of 120 million m%/a is required from
Gariep Dam to Bloemfontein to obtain a system yield of 186 million m%/a.

Scenario 7aB: As Scenario 5bB with an increased potable transfer capacity from Gariep Dam to
GBWSS until the GBWSS yield is sufficient to support the projected 2050 GBWSS demand at the
2050 development level with the two Lesotho Lowland dams in place and no compensation
releases from the two dams.

For this scenario the flow in the link between Bloemfontein and Rustfontein was set in the
direction of Rustfontein and the capacity of the link between Bloemfontein and Rustfontein was limited
to 1.2 m?¥/s. The transfer from Gariep Dam was set to a minimum of 2.5 m%s. The potable outflow from
Rustfontein WTW was set to 2.19 m®/s and that of Maselspoort to 2.13 m?%s. There was no minimum
limit on the inflow to Maselspoort and the potable outflow from Welbedacht WTW was limited to 1.4
m?/s. Rustfontein Dam operating level was fixed at 1372.5 masl.

For Scenario 7aB, Scenario 5bB was applied with an increased potable transfer capacity from Gariep
Dam to GBWSS until the GBWSS vyield is sufficient to support the projected 2050 GBWSS demand of
186 million m3a at the 2050 development level. The two Lesotho Lowland dams are in place and no
compensation releases are made from the two dams for this scenario. To establish the volume to be
transferred, the yield was fixed at 186 million m3a (without the system failing), and the maximum limit
of the transfer pipeline from Gariep Dam to Bloemfontein was varied. Results indicated that a transfer
volume of 139 million m3a is required from Gariep Dam to Bloemfontein to obtain a system yield of 186
million m*/a.

Scenario 7b: As Scenario 5f with an increased raw transfer capacity from Gariep Dam to GBWSS
until the GBWSS yield is sufficient to support the projected 2050 GBWSS demand at the 2050
development level with the two Lesotho Lowland dams in place and no compensation releases
from the two dams.

Transfer from Gariep Dam was set to a minimum of 2.5 m%/s. The potable outflow from Rustfontein WTW
was set to 3.627 m®s and that of Maselspoort remained at 2.13 m¥s.

For Scenario 7b, Scenario 5f was applied with an increased raw transfer capacity from Gariep Dam to
GBWSS until the GBWSS yield is sufficient to support the projected 2050 GBWSS demand of 186 million
m?®/a at the 2050 development level. For this scenario raw water is supplied from Gariep Dam directly to
Rustfontein Dam. The capacity of the Rustfontein WTW had to be increased to 3.627 m®s (potable) to
allow for maximum utilisation of both the resources within the GBWSS as well as the raw water support
from Gariep Dam. To establish the volume to be transferred, the yield was fixed at 186 million m%/a
(without the system failing), and the maximum limit of the transfer pipeline from Gariep Dam to
Rustfontein Dam was varied. Results indicated that a transfer volume of 133 million m%a is required
from Gariep Dam to Rustfontein Dam to obtain a system yield of 186 million m®/a.
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Table 3-8 summarises the above results in terms of average monthly flows and utilisation of certain
infrastructure components and demands.

Table 3-6: Average monthly flows and utilisation

Capacity/

Demand 7aA Utilisation 7aB Utilisation 7b Utilisation

Xhariep 3.803/4.4/4.2 2.523 66% 2.674 61% 3.203 76%
RF WTW raw 2.355/3.9 1.914 81% 1.109 47% 2.379 61%
RF Dam spill n/a 0.417 n/a 0.449 n/a 1.789 n/a

MP WTW raw 2.315 0.831 36% 0.913 39% 2.302 99%
M Dam spill n/a 1.354 n/a 1.332 n/a 1.185 n/a

WB WTW pot 1.400 0.711 51% 1.234 88% 1.459 91%
WB Dam spill n/a 24.247 n/a 24.150 n/a 24.196 n/a

Tienfontein 7.000 2.117 30% 2.115 30% 2.116 30%
Novo 4.800 2.269 47% 1.295 27% 0.538 11%
RF-Bloem n/a 0.002 n/a 1.031 n/a 0.132 n/a

Thaba Nchu 0.886 0.646 73% 0.878 99% 0.886 100%
Botshabelo 1.299 1.247 96% 1.299 100% 1.299 100%
Small towns 0.202 0.202 100% 0.202 100% 0.196 97%
Bloem 3.485 3.799 109% 3.515 101% 3.513 101%

For further optimisation of the system, the average utilisation of the Gariep scheme in relation to its
capacity, needs to be increased to decrease the unit reference value (URV). Additionally, it was decided
that the base flow supply from Gariep Dam needs to be applied so that the local resources are only used
to overcome the drought periods and support the peak demand periods. This necessitated a further
increase in the base flow from Gariep Dam in the options selected for sensitivity analyses. The options
considered for further analyses at 2050 development level are summarised in Table 3-9.

Table 3-7: Options considered for further analyses at 2050 development level (million m¥%a)

Option Transfer volume 1 HFY Transfer volume 2 HFY
Option 1A 60 131 120 186
Option 1B 60 131 139 186
Option 2 60 119 Not calculated 186
Option 3 60 120 Not calculated 186
Option 4 60 134 133 186

Compared to Option 4 (raw water transfer from Gariep Dam to Rustfontein Dam), Option 2 and 3
indicated a significant smaller HFY for the 60 million m%/a raw water transfer from Gariep Dam to the
GBWSS, via Knellpoort Dam and the Novo Outfall respectively. Options 2 and 3 were therefore omitted
from further analyses and Option 1 and 4 were looked at in more detail in terms of the transfer volume
required from Gariep Dam to the GBWSS by 2050. After further consideration and a few test analyses,
it was decided to also omit Option 4. This is specifically due to the significant increase required for the
Rustfontein WTW for this option. Finally, Option 1A and Option 1B were selected for additional sensitivity
analyses.

Knellpoort and Rustfontein dams are short in capacity to overcome the drought periods and therefore it
was decided to raise both dams. Rustfontein and Knellpoort Dams are raised with 2 m each for these
scenarios.
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Table 3-8: Rustfontein Dam area-capacity characteristics Option 1

Rustfontein Dam Current
FSE (masl) 1373.03
FSC (million m?) 72.11
FSA (km?) 11.65

Table 3-9: Knellpoort Dam area-capacity characteristics Option 1

Knellpoort Dam Current
FSE (masl) 1452.1
FSC (million m?) 135.59
FSA (km?) 9.83

+2m
1375
98.00
15.00

+24m
14545
161.17

1151

Following the completion of Scenarios 7aA and 7aB, it became evident that further optimisation of the
potable transfer option could significantly improve certain operational aspects while also being more
economical. Table 3-10 provides more details regarding the scenarios which were considered as
refinements to Scenario 7a, while Table 3-11 displays some key metrics. It was evident that Option 1B
allows for better supply to Botshabelo and Thaba Nchu and this was therefore selected as the final

potable option to take forward.

Table 3-10: Final selected options Results

Option  Description

Sc7a with potable water transfer from Gariep Dam. Link between Bloemfontein
and Rustfontein direction Bloemfontein. Knellpoort and Rustfontein dams
FSL increased with 2 m. Reduced assurance of supply to small towns.
Maximum transfer capacity from Gariep Dam decreased. Minimum transfer
capacity from Gariep Dam increased. No minimum flow required for inflow
to Maselspoort WTW.

1A

Sc7a with potable water transfer from Gariep Dam. Link between Bloemfontein
and Rustfontein direction Rustfontein. Knellpoort and Rustfontein dams FSL
increased with 2 m. Reduced assurance of supply to small towns. Maximum
transfer capacity from Gariep Dam decreased. Minimum transfer capacity from
Gariep Dam increased. No flow limit on link between Bloemfontein and
Rustfontein.

1B

Table 3-11: Comparison of flows and utilisation between Options 1A and 1B

Compared Parameter Option 1A
Max flow Gariep transfer (m3/s) 3.2
Avg. flow Gariep transfer (m3/s) 3.036
Avg. flow Rustfontein wtw intake (m3s) 1.739
Avg. flow Welbedacht wtw (m3/s) 0.619
Avg. flow Novo (m3/s) 2.194
Max flow link Bloemfontein-Rustfontein (m?3/s) 0.173
Avg. flow link Bloemfontein-Rustfontein (m?3/s) 0.003
Supply Bloemfontein % 114
Supply Botshabelo % 87
Supply Thaba Nchu % 67

Transfer

volume AR

101 186

101 186

Option 1B

3.2
3.086
0.663
1.255
0.891
2.149
1.456

101

100

100

Scenario 10: Increased potable water transfer from Gariep Dam to GBWSS including

compensation releases
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The same as Scenario 9a, but with increased transfer capacity from Gariep Dam and with
compensation releases from the Lesotho Lowland dams.

Determined increased transfer capacity with compensation releases from the Lesotho Lowland dams
until the GBWSS yield is sufficient to support the projected 2050 GBWSS demand.

For Scenario 10, Scenario 9a was applied with an increased transfer capacity from Gariep Dam to the
GBWSS until the GBWSS yield is sufficient to support the projected 2050 GBWSS demand of 186 million
m3/a at the 2050 development level. Results indicated that a maximum transfer volume of 104 million
m?/a is required from Gariep Dam to Bloemfontein to obtain a system yield of 186 million m%a.
Compared to the transfer volume required for Scenario 7aA (120 million m®/a without compensation
releases), it is clear that there is quite a reduction in the transfer volume required from Gariep Dam to
the GBWSS when compensation releases are made from the Lesotho Lowland dams.

3.2.2.3 Scenarios to confirm assurance of supply
Scenario 11: Long-term stochastic yield analysis on the GBWSS

A long-term stochastic yield analysis for the GBWSS was undertaken using the potable Scenario
7a Option 1B as the preferred option for water transfer to the GBWSS from the Gariep Dam.

The priority classification table below, along with the long-term yield-reliability curve (Figure 3-39)
confirm that the proposed transfer option is capable of meeting the GBWSS demands at the required
assurance of supply.

Table 3-12: GBWSS Priority classification and water availability

Recurrence interval 1/200 1/100 1/20
Percentage % 50 30 20
Total demand 186 93 55.8 37.2

3.2.3 Phase 3 Results from WRPM analysis

3.2.3.1 Context

The ORP yield is currently already fully utilised, and any additional requirements imposed on this water
supply system e.g. an abstraction from Gariep Dam to supply GBWSS, will result in some deficits or a
lower assurance of supply to the existing users. There are however many other factors that will also
impact on the yield available from the ORP water supply system which include:

3 Increasing upstream water requirements in the RSA and Lesotho.

3 Polihali Dam and its transfer tunnel take water to Katse Dam and from there to the IVRS. This
will result in a significant reduction in the yield of the ORP, of more than 200 million m%/a.
Polihali Dam is currently already under construction and will start inundating water by 2026.

3 The planned dam on the Makhaleng River in Lesotho is to be used to transfer water to
Gaborone in Botswana and towns in the RSA along the pipeline route. This dam will also result
in a significant impact on the ORP of close to 200 million m%/a. This scheme is currently in the
Feasibility Phase of its investigation.

3 Lesotho is planning another two dams in the Lesotho Lowlands that will impact negatively on
both the GBWSS and the ORP with reductions in yield of 30 and 50 million m®/a respectively.

3 Namibia is expanding their irrigation significantly along the Lower Orange River, which puts an
even higher load on the ORP system to supply.
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3.2.3.2 Analysis approach

The WRPM setup as used for the 2023/24 AOA of the ORP and GBWSS as carried out for DWS was
used to analyse the potential impact of additional abstraction from the Gariep Dam on the ORP. This
represents the most up to date WRPM system available for the Orange and GBWSS.

To be able to eliminate the above ORP impacts on the potential ORP impact of increased abstraction
from Gariep Dam in support of the GBWSS, the analysis was conducted at a constant development
level, i.e. the 2023 development level as used in the 2023/24 annual operating analysis with no other
intervention options included. The following scenarios were analysed:

(a) Base Scenario: Constant development (2023) analysis with zero supply from Gariep Dam to
the GBWSS.

(b)  Scenario 1: As the base Scenario but add a constant demand of 60 million m3/a to Gariep Dam
to represent the transfer from Gariep to Greater Bloemfontein. (Note the GBWSS is not directly
linked to Gariep Dam) The transfer volume to the Greater Bloemfontein will be curtailed on the
same basis as other users from the ORP when restrictions are required.

(c) Scenario 2: As Scenario 1 but increase the constant demand to 101 million m®a as per
Scenario 7alB.

The scenarios analysed under Phase 3 did not link the GBWSS directly with the Gariep Dam, as this
would have required the GBWSS to also be updated in line with the results from the WRYM, while also
demanding synchronisation and some optimisation between the curtailment criteria of the two systems.
This whole procedure is quite complicated and time consuming. By not linking the two systems a more
conservative result was obtained as the maximum annual transfer volume will always be transferred.
Should the systems be linked, the maximum transfer volume would not always have been transferred
to the GBWSS as it would depend on the availability of water from its own resources.

3.2.3.3 Systems analysis

As stated previously, to be able to eliminate the impacts of various other factors on the yield of the
Orange River System, the analysis was carried out at a constant development level. A constant
development analysis is carried out annually as part of the ORP AOA to determine the short term surplus
available in the ORP for hydro-power generation purposes. The 2023 development level dataset, as
used for the 2023/24 AOA, was thus applied as basis for this analysis to determine the impact of the
Greater Bloemfontein abstraction on the water supply from Gariep and Vanderkloof dams (ORP
system). Both the ORP and GBWSS infrastructure were thus set at 2023 development level with no
intervention options included.

Tasks undertaken were as follows:

Data sets were obtained from the AOA team. Test runs were carried out to ensure the system
is working properly and representative of the 2023 development level.

The discretional allocation for Eskom was set to Zero.

The Namibia irrigation requirement to be imposed on the system was selected as 75 million
m3/a.

The simulation period was extended from 2023 to 2043 (20 years).

The growth file was inspected to ensure that growth factors are sufficient to cover the extended
simulation period and that no growth occurs over the simulation period.

The required changes were made to the WRPM data sets to be able to model the Greater
Bloemfontein abstraction from Gariep Dam and to reflect the supply to Namibia for their
irrigation and urb/mining/industrial requirements separately. The GBWSS and Gariep Dam were
not linked directly.

3 A number of test runs were carried out to ensure that the system is working properly.

W W W W
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3.2.34 Results

To be able to evaluate, compare and present the results from the analysis the following outputs/graphs
were prepared:

3 Curtailment plot for the ORP system. Comparing results from Scenarios 1 and 2 with the Base
Scenario showed the possibility of increased restrictions over time as result of the higher
abstractions from Gariep Dam in support of the GBWSS.

3 Water supply plots for the total Namibia irrigation abstraction and a component of the Namibia
urban/mining/industrial abstraction. Water supply plots for two or three key RSA abstractions
from the ORP. Comparing the results from Scenarios 1 and 2 with the Base Scenario
highlighted the decrease in supply to these users as result of the increased abstraction from
Gariep Dam and whether the users were still supplied within their agreed levels of assurance.

3 Storage projections for Gariep and Vanderkloof Dam - separately as well as for the combined
system. These graphs displayed the difference in the behaviour of the storage in the dams and
for the total system due to the increased abstractions from Gariep Dam.

To be able to assess the combinations of different supply assurance levels to different system users,
the priority classification table as shown in Table 3-15 was used.

Table 3-13: Orange River Project current Priority Classification
Priority Categories (Portion of water requirements %)

High Medium Low
Sector
1: 200 year? 1: 100 year 1: 20 year
(99.5%)>? (99%) (95%)
Irrigation 10 40 50
Urban 50 30 20
Operational
peration 100 0 0
Requirements
Environmental 68 0 32
Restriction Levels: 3 0 2 1
1 Recurrence interval of a restriction
2 Assurance of supply

From Table 3-15, it is, for example, evident that 50% of irrigation is supplied at a low assurance of 95%
(1 in 20-year risk of non-full supply), 40% at a medium assurance (99%) and 10% at a high assurance
(99.5%). During severe droughts when restrictions need to be imposed, the water supply allocated to
the low assurance class will be reduced or restricted first, followed by the medium, and finally the high
assurance classes. Restriction level 1 refers to the full restrictions imposed on the low assurance class;
The restrictions will however be implemented gradually prior to imposing full level 1 restriction. These
restriction levels are also different from those implemented by the municipalities and water services
providers.

Losses and river requirements (operational requirements) are not something that can be restricted, as
these will always occur even under extreme drought conditions. As these requirements cannot be
restricted, they are allocated to the high assurance class.

The assurance classes for the environmental requirements are only applicable for the current
Environmental Water Requirements (EWR) releases which are based on a different methodology than
the more recently determined EWRs. The latest EWRs follow the same pattern and probability of
occurrence as the natural flows generated in the basin and do not require a specified fixed assurance.

The results for Phase 3 were derived by using the latest 2023/24 AOA WRPM and analysing 1000
possible flow sequences (possible future natural rainfall runoff from each sub-catchment) with a record
length of 20 years. To be able to put meaning to these vast numbers of results, box plots were used to
describe the results in terms of exceedance probability (See Figure 3-2).
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Results for generated sequences
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Figure 3-2: Probability distribution of results

The vast number of results are represented by the encircled yellow dots in Figure 3-2 above. Using the
box and whisker plots, meaning is given to these results. For example:

AW W W W W

The lowest solid line of the boxplot indicates that 100% of all the flow sequences analysed are
at or above this line.

The dashed line just above states that 99.5% of all sequences are at or above this line. This
represents a 1 in 200-year recurrence interval.

The dot, dashed line combination shows the 99% exceedance probability, representing the 1 in
100-year recurrence interval.

The lower whisker of the boxplot represents the 95% exceedance probability or 1 in 20 years
recurrence interval.

The middle of the box shows the 50% exceedance probability or median value.

The same approach applies to all the other percentage exceedance probabilities as given in
Figure 3-2.

Tables 3-17 and 3-18 show the portion of the total water requirement allocated to the different
assurance of supply classes for the abstractions along the Orange River that were assessed as part of
the results of Phase 3. These water requirement portions are indicated with different colours on the
water supply plots for each of the scenarios.
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Table 3-14: ORP urban supply at different recurrence intervals (million m3%a)

Recurrence interval /
Assurance of supply (%)

Portion of demand
Rosh Pinah
Eastern Cape
Xhariep-Bloem

Xhariep-Bloem

1/20
95

20%
1.70
17.67
12.00
20.20

1/100
99

30%
2.55
26.50
18.00
30.30

1/200
99.5

50%
4.25
44.17
30.00
50.50

Table 3-15: ORP irrigation supply at different recurrence intervals (million m3%/a)

Recurrence interval /
Assurance of supply (%)

Portion of demand
Upington

Kakamas

Noordoewer Ausenkher
Vioolsdrif

Eastern Cape

1/20
95

50%
56.30
58.61
30.00

4.02

352.05

1/100
99

40%
45.04
46.88
24.00

3.21

281.64

1/200
99.5

10%
11.26
11.72

6.00

0.80
70.41

total
8.5
88.35
60
101

total
112.6
117.21
60
8.03
704.10

With reference to the curtailment plots, the results indicate that no restrictions are required for the ORP
in the 2023/24 operating year. For the Base Scenario and Scenario 1, there is no exceedance of the
curtailment criteria in the first three years of the analysis For the Base Scenario (Figure 3-3), a total of
7 out of the 20 years analysed did not exceed the curtailment criteria. For Scenario 1 (Figure 3-4) this
however decreased to only 4 years and it is evident when exceedances do occur in Scenario 1 that they
are more severe than that for the Base Scenario. For Scenario 2, if even more water is transferred from
Gariep Dam to Bloemfontein, exceedance of the curtailment criteria is evident already from 2025
onwards (Figure 3-5) with only 2 out of the 20 years showing no exceedance of the curtailment criteria.

ORP_Curtailment
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2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043
Years

Boxplots derived from 1000 sequences (Planning Year: May to April)

Figure 3-3: ORP curtailment plot Base Scenario
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Figure 3-4: ORP curtailment plot Scenario 1
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Figure 3-5: ORP curtailment plot Scenario 2

Considering the water supply to the Noordoewer & Ausenkehr irrigation scheme in Namibia, it is evident
from the Base Scenario results (Figure 3-6) that from 2026 onwards, for most years users will not receive
the required assurance of supply for the 95% and 99% assurance components of their total water
requirements. On average, 56.6 million m%/a of the total demand of 60 million m%/a for the Noordoewer
& Ausenkehr irrigation could be supplied at 95% assurance and higher over the 20 year analysis period

for the Base Scenario.
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Noordoewer & Aus Irr
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Figure 3-6: Noordoewer & Ausenkehr irrigation supply plot Base Scenario

For Scenario 1 (Figure 3-7) the water supply to the Noordoewer & Ausenkehr irrigation scheme

reduces

further as less years can be fully supplied at the required assurance levels and less water is supplied.
The average supply now reduces to 53.9 million m®a at 95% assurance and higher over the 20-year

period.
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Figure 3-7: Noordoewer & Ausenkehr irrigation supply plot Scenario 1
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For Scenario 2 (Figure 3-8) water could only be fully supplied at the required assurance levels to the
Noordoewer & Ausenkehr irrigation scheme in the first 2 years of the 20-year analysis period. The
average supply to the Noordoewer & Ausenkehr irrigation scheme now reduced to 52.0 million m®/a.
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Figure 3-8: Noordoewer & Ausenkehr irrigation supply plot Scenario 2

When considering the water supply to the urban/mining sector, the water supply seems to improve. The
reason for this is due to the higher assurance of supply allocated to this water use sector.

The urban water supply to Rosh Pinah, Skorpion and Oranjemund mines in Namibia seems reasonable
with relative small deficits in supply from 2026 to 2036 for the Base Scenario (Figure 3-9). On average,
8.3 million m®/a of the total demand of 8.5 million m%/a can be supplied at a 95% assurance and higher.

The urban water supply to Rosh Pinah, Skorpion and Oranjemund mines reduces for Scenario 1 (Figure
3-10) as more water is abstracted from Gariep Dam to meet the GBWSS demand. In only 4 out of the
20-years during the analysis period could these users be supplied in full. The average supply over the
20-year period now reduced to 8.2 million m®/a of the total demand of 8.5 million m®/a at 95% and higher
assurance.

For Scenario 2, when 101 million m3/a is transferred to Bloemfontein from Gariep Dam, the water supply
to Rosh Pinah, Skorpion and Oranjemund mines reduces further with only 2 out of the 20 years fully
supplied (Figure 3-11). On average, 7.6 million m3/a of the total demand of 8.1 million m%a could be
supplied at a 95% assurance and higher.
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Urban Rosh Pinah Skorpi
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Figure 3-9: Rosh Pinah, Skorpion & Oranjemund urban supply plot Base Scenario
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Figure 3-10: Rosh Pinah, Skorpion & Oranjemund urban supply plot Scenario 1
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Urban Rosh Pinah Skorpi
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Figure 3-11: Rosh Pinah, Skorpion & Oranjemund urban supply

plot Scenario 2

The irrigation water supply to Vioolsdrif in the RSA is basically the same as that of the Noordoewer &

Ausenkehr irrigation scheme in Namibia as they are supplied

at the same assurance. On average, 7.6

million m%a of the total Vioolsdrift irrigation demand of 8.0 million m%/a could be supplied at 95%

assurance and higher for the Base Scenario (Figure 3-12).
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Figure 3-12: Vioolsdrif irrigation supply plot Base Scenario
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On average, 7.2 million m%/a of the total Vioolsdrift irrigation demand of 8.0 million m%/a could be supplied
at 95% assurance and higher for Scenario 1 (Figure 3-13) .
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Figure 3-13: Vioolsdrif irrigation supply plot Scenario 1

On average, 7.0 million m?/a of the total Vioolsdrif irrigation demand of 8.0 million m%a can be supplied
at a 95% assurance and higher for Scenario 2 (Figure 3-14).
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Figure 3-14: Vioolsdrif irrigation supply plot Scenario 2
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On average, 110.5 million m3/a of the total Kakamas irrigation demand of 117.2 million m3/a can be

supplied at a 95% assurance and higher for the Base Scenario (Figure 3-15).
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Figure 3-15: Kakamas irrigation supply plot Base Scenario

On average, 105.3 million m3/a of the total Kakamas irrigation demand of 117.2 million m3/a can be

supplied at a 95% assurance or higher for Scenario 1 (Figure 3-16).
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Figure 3-16: Kakamas irrigation supply plot Scenario 1
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On average, 101.6 million m3/a of the total Kakamas irrigation demand of 117.2 million m3/a can be
supplied at a 95% assurance or higher for Scenario 2 (Figure 3-17).
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Figure 3-17: Kakamas irrigation supply plot Scenario 2

On average, 106.0 million m%a of the total Upington irrigation demand of 112.6 million m%a can be
supplied at a 95% assurance or higher for the Base Scenario (Figure 3-18).
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Figure 3-18: Upington irrigation supply plot Base Scenario
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On average, 101.0 million m%a of the total Upington irrigation demand of 112.6 million m%a can be
supplied at a 95% assurance or higher for Scenario 1 (Figure 3-19).
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Figure 3-19: Upington irrigation supply plot Scenario 1

On average, 97.5 million m%a of the total Upington irrigation demand of 112.6 million ma can be
supplied at a 95% assurance or higher for Scenario 2 (Figure 3-20).
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Figure 3-20: Upington irrigation supply plot Scenario 2
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On average, 667.8 million m3%a of the total Eastern Cape irrigation demand of 704.1 million m®/a can be
supplied at a 95% assurance or higher for the Base Scenario (Figure 3-21).
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Figure 3-21: Eastern Cape irrigation supply plot Base Scenario

On average, 638.7 million m3/a of the total Eastern Cape irrigation demand of 704.1 million m®/a can be
supplied at a 95% assurance or higher for Scenario 1 (Figure 3-22).
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Figure 3-22: Eastern Cape irrigation supply plot Scenario 1

Document number P WMA 06/D00/00/3423/19, Revision B, Date 2025/02/28 3-37"



Xhariep Pipeline Feasibility Study

On average, 617.1 million m3/a of the total Eastern Cape irrigation demand of 704.1 million m®/a can be
supplied at a 95% assurance or higher for Scenario 2 (Figure 3-23).
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Figure 3-23: Eastern Cape irrigation supply plot Scenario 2

On average, 86.5 million m%a of the total Eastern Cape urban demand of 88.4 million m%a can be
supplied at a 95% assurance or higher for the Base Scenario (Figure 3-24).
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Figure 3-24: Eastern Cape urban supply plot Base Scenario
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On average, 85.1 million m%a of the total Eastern Cape urban demand of 88.4 million m%a can be
supplied at a 95% assurance or higher for Scenario 1 (Figure 3-25).
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Figure 3-25: Eastern Cape urban supply plot Scenario 1

On average, 83.9 million m%a of the total Eastern Cape urban demand of 88.4 million m%a can be
supplied at a 95% assurance or higher for Scenario 2 (Figure 3-26).
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Figure 3-26: Eastern Cape urban supply plot Scenario 2
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On average, 57.8 million m%a of the total GBWSS demand of 60 million m%/a can be supplied at a 95%

assurance or higher for the Scenario 1 (Figure 3-27).
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Figure 3-27: Xhariep-Bloem supply plot Scenario 1

On average, 95.97 million m%a of the total GBWSS demand of 101 million m®a can be supplied at a

95% assurance or higher for Scenario 2 (Figure 3-28).
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Figure 3-28: Xhariep-Bloem supply plot Scenario 2
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Figure 3-29 to Figure 3-37 display the storage projection (box) plots for the Gariep and Vanderkloof
dams for the scenarios analysed and confirm some sensitivity to the additional Gariep Dam abstractions

— albeit negligible based on the large volume storage trajectories.
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Figure 3-31: Gariep Dam storage projection plot Scenario 2
Figure 3-32: Vanderkloof Dam storage projection plot Base Scenario
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Figure 3-34: Vanderkloof Dam storage projection plot Scenario 2
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Figure 3-35: ORP storage projection plot Base Scenario

Figure 3-36: ORP storage projection plot Scenario 1
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