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Executive Summary

The conclusions and recommendations contain a detail description of the work undertaken as part of
this pre-feasibility study report and are as such repeated below as the Executive Summary.

The existing GBWSS has experienced water restrictions since 2014 due to the inability of the existing
infrastructure to supply the growth in water demand. Various studies have been undertaken by VCWB,
MMM and DWS to identify options to augment the supply to the GBWSS.

The 2012 Reconciliation Strategy identified the following major interventions:

Ʒ Implementation of water conservation and water demand management,
Ʒ Increase capacity of Tienfontein pump station,
Ʒ Implementation of the Welbedacht / Knellpoort bi-directional pipeline, and,
Ʒ Implementation of re-use of treated effluent.

Other recommendations from the 2012 Reconciliation Strategy include:

Ʒ Addressing the siltation problems at Welbedacht WTW to increase the operating capacity of the
plant,

Ʒ Improving the integrity of the Welbedacht pipeline, and
Ʒ Increasing the capacity of the Maselspoort WTW and raise Mockes Dam.

The above interventions and recommendations were considered the most economical options that can
be implemented in the shortest possible timeframes. The 2012 Reconciliation Strategy also identified
the transfer to water from Gariep Dam as the next augmentation scheme to be considered after
implementation of the above interventions.

MMM and VCWB both investigated the transfer of water from Gariep Dam and came to different
conclusions on the preferred solution, i.e.:

Ʒ MMM concluded that a direct pipeline from Gariep Dam to Bloemfontein, conveying potable
water, will be the optimal solution, and

Ʒ VCWB concluded that a pipeline from Gariep Dam to Knellpoort Dam, conveying raw water, will
be the optimal solution.

As a result, DWS decided to initiate this study, referred to as the “Greater Mangaung Water
Augmentation Project – Xhariep Pipeline Feasibility Study”. The purpose of this study is to appraise, at
a pre-feasibility level of detail, the most viable previously identified development options (routes) for the
Xhariep Pipeline Project and to recommend the optimal system size (including phasing) and the best
water conveyance route from a regional and national perspective that should be taken forward to the
feasibility stages of study.

The three most feasible pipeline route options identified from previous studies were:

Ʒ Scheme 1: Direct potable pipeline from Gariep Dam to Bloemfontein,
Ʒ Scheme 2: Raw water pipeline from Gariep Dam to Knellpoort Dam, and
Ʒ Scheme 3: Raw water pipeline from Gariep Dam to the Novo Outfall Structures.

A fourth scheme, referred to as Scheme 4, was identified at the commencement of this study. Scheme 4
is a raw water pipeline from Gariep Dam to Rustfontein Dam, which aims to reduce the losses associated
with Scheme 3 where water will be conveyed along the upper reaches of the Modder River before being
discharged into Rustfontein Dam. The pipeline routes for the four schemes are shown in Figure 1-2.

Feasibility studies are iterative in nature as interventions/schemes are required such that the water
resources yield matches the forecasted water demands, followed by infrastructure option identification,
refinement of the yield modelling, refinement of the infrastructure sizing, etc. This iterative process, and
the steps followed for this study, is shown in Figure 1-3 (repeated below as Figure E-1 for ease of
reference).
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Figure E-1: Flow chart of scheme development process
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Previous studies included water demand projections to 2035 or 2040, whereas the planning horizon
adopted for this project was 2050. The previous studies recommended annual growth rates in water
demands that varied from 1% to 3%. This study evaluated the water demands from two different
approaches, i.e. (1) based on historic water demands and assuming a similar growth rate over time, and
(2) based on published population data by Stats SA and accounting for an improvement in level of
service so that all households will have a house connection by 2050.  The actual water demands in 2014
were used as the starting point for the demand projections. Table E- 1 provides a comparison of the
water demands calculated in the previous studies against the demands calculated in this study (i.e.
‘Observed Projected’ is based on historical growth in demand, and ‘Scenario 2’ is based on population
data and improvement in level of service).

Table E- 1: Total comparison results

Source
2023 2035 2050 Average

%
Increasemil m3/a Mǎ/d mil m3/a Mǎ/d mil m3/a Mǎ/d

Observed Projected (this study) 118.21 323.86 145.55 398.78 179.74 492.42 1.56%

Scenario 2 (this study) 110.96 303.99 140.17 384.02 186.40 510.70 1.94%

2012 Reconciliation Strategy 133.92 366.91 186.78 511.74 286.49 784.89 2.86%

2015 Technical Feasibility Study 115.79 317.23 146.85 402.33 197.64 541.48 2.00%

2018 Mangaung Study 114.71 314.26 139.35 381.78 179.86 492.76 1.68%

2022/23 AOA 108.48 297.20 139.25 381.51 185.16 507.29 2.00%

It is evident from Table E- 1 that the 2050 demand projections calculated as part of this project came to
180 million m3/a and 186 million m3/a, respectively. This compared favourably with the demand
projections of 180 million m3/a and 185 million m3/a determined as part of the 2018 Mangaung Study
and the 2022/23 Annual Operating Analysis. The demand determined as part of Scenario 2, i.e.
186 million m3/a, was adopted as the 2050 water demand that had to be satisfied for the GBWSS.
Scenario 2 also included the demands of the towns and villages located within 10 km from the proposed
pipeline routes, should these towns wish to connect to the proposed Xhariep Pipeline.

The ToR for this study recommended that the first phase of the water resources yield modelling be
based on transferring a maximum volume of 60 million m3/a from Gariep Dam.
Table E-2 summarises the HFY determined for each of the four schemes as well as the percentage of
the 2050 demands that can be met by each scheme for the major demand centres.

Table E-2: System Historic Firm Yield based on 60 million m3/a transfer from Gariep Dam

Scheme
Historic Firm

Yield
(million m3/a)

Percentage of 2050 demands met

Bloemfontein (%) Botshabelo & Thaba
Nchu (%)

1 (potable water to Bloemfontein) 131 59.1 84.3

2 (raw water to Knellpoort Dam) 119 44.3 92.6

3 (raw water to Novo Outfall Structure) 120 43.1 96.2

4 (raw water to Rustfontein Dam) 134 55.2 97.1

It is evident from Table E-2 that (a) the HFY differs from scheme to scheme, (b) the HFY was
considerably lower than the 2050 demand of 186 million m3/a, and (c) a higher volume would need to
be transferred from Gariep Dam to satisfy the 2050 demand.

The infrastructure required for each of the four schemes, based on a maximum transfer volume of
60 million m3/a from Gariep Dam, was determined and costed to undertake a comparison of the
schemes. Multiple sub-options were developed for each scheme where different pipeline diameters and
pump stations positions were evaluated. The purpose of these sub-options was to optimise the
infrastructure for each scheme.
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The infrastructure for each scheme and sub-option was sized based on the peak flows derived from the
water resources yield modelling, whereas the operating and maintenance costs were calculated from
the average annual flows determined by the yield modelling. The operating and maintenance costs were
converted to a NPV using a discount rate of 6% and a discount period of 45 years. Given the different
HFY of the four schemes, the yields were also converted to NPVs, which allowed URVs to be calculated.
The URV for each sub-option was the total NPV of the costs divided by the NPV of the water demands.
Table 9-6 (repeated below as Table E-3 for ease of reference) shows the NPV and URV calculated for
the preferred sub-options of Schemes 1, 2, 3 and 4. It is evident from Table E-3 that Scheme 4 was the
most economical raw water scheme (compared to Schemes 2 and 3) and that Scheme 1 was 7.5%
more expensive than Scheme 4.

Based on the NPVs and URVs shown in Table E-3, it was decided to undertake the additional water
resources yield modelling for Schemes 1 (potable option) and 4 (most economical raw water option). A
stakeholder engagement with DWS, MMM and VCWB took place on 2 November 2023 where feedback
was provided on progress to date and where operational matters could be discussed. The following
specific matters were raised at the meeting:

Ʒ Botshabelo and Thaba Nchu were experiencing higher levels of restriction compared to other
towns within the GBWSS, mainly as these two towns only have Rustfontein WTW as supply
whereas Bloemfontein can receive water from Welbedacht, Rustfontein and Maselspoort
WTWs,

Ʒ VCWB preferred Scheme 2 (raw water supply to Knellpoort Dam) due to greater operational
flexibility, e.g. raw water can be supplied from Knellpoort Dam to Welbedacht Dam as well as to
Rustfontein and Maselspoort WTWs,

Ʒ The supply of potable water to towns located along the proposed pipeline route remains a
priority from a regional water supply perspective,

Ʒ Scheme 1 is the only potable scheme under consideration but can only supply Bloemfontein
and the towns along the pipeline route, i.e. it would not resolve the challenges experienced at
Botshabelo and Thaba Nchu, and

Ʒ All parties agreed that Scheme 1 and Scheme 4 had limitations in terms of overall flexibility and
improving the resilience of the GBWSS.

This led to the development of Scheme 1B (also referred to as the “hybrid” scheme since the pipeline
route is a combination of the routes for Schemes 1 and 4) as shown in Figure 7-6 and Figure 7-7
(repeated below as Figure E-2 for ease of reference) where potable water would be supplied from Gariep
Dam to a command reservoir located between Bloemfontein and Rustfontein WTW. Water from the
command reservoir could then gravitate to Bloemfontein and Rustfontein WTW.

The water resources yield modelling was updated for Schemes 1 and 4 (now referred to Schemes 1A
and 4B to distinguish them from Schemes 1 and 4), as well as Scheme 1B, to determine the transfer
volume required from Gariep Dam that would satisfy the 2050 demands. Table E-4 summarises the
maximum annual transfer volumes required from Gariep Dam and the percentage of demand that could
be supplied for each of the large demand centres.
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Table E-3: Results of financial comparison for original schemes 1 to 4 with maximum annual transfer of 60 million m3/a

Scheme Number
Pipeline length Pipe diameter HLPS

Average
duty

HLPS
Maximum

duty

Booster
PS Avg

duty

Booster
PS Max

duty

WTW
upgrades

Total volume
treated (2050

demands)

Volume
pumped (2050

demands)

HFY for URV  (6%
over 45 yrs)

Total Capital
Cost

Net Present
Value of O&M

Total Net
Present
Value

O&M
URV

Total
URV

Comparison
to lowest

option cost

Scheme comparison of original transfer at 60 Mm³ / annum km mm ǎ/s | m ǎ/s | m ǎ/s | m ǎ/s | m Mǎ Mm³/annum Mm³/annum Mm³ (Million Rands)(Million Rands)(Million Rands) R/m
3

R/m
3

%
Scheme 1 [Sc5b] Potable water from Gariep Dam to Bloemfontein 181.2 DN1600 1411 | 348 2148 | 367 - - 165 133.2 44.5 1986 11895 12543 24438 6.32 12.31 -
+ Rustfontein pumping operation cost ~29 km Assumed DN1100 1434 | 199 - - - - - 45.2 1986 0 1384 1384 0.70 0.70 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1293 | 247 - - - - - 40.8 1986 0 1549 1549 0.78 0.78 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 734 | 136 - - - - - 23.2 1986 0 485 485 0.24 0.24 -

11895 15962 27857 8.04 14.03 +7.5
Scheme 2 [Sc4b(ii)] Raw water from Gariep Dam to Knellpoort Dam 190.4 DN1300 1035 | 298 1901 | 418 1035 | 132 1901 | 207 64 115.3 32.6 1797 9948 11648 21597 6.48 12.02 -
+ Maselspoort pipeline and PS upgrades 33.5 DN800 257 | 135 570 | 210 - - Incl above Incl above 8.1 1797 498 423 921 0.24 0.51 -
+ Rustfontein pumping operation cost ~29 km Assumed DN1100 1297 | 194 - - - - - 40.9 1797 0 1224 1224 0.68 0.68 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 963 | 244 - - - - - 30.4 1797 0 1142 1142 0.64 0.64 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 2438 | 185 - - - - - 76.9 1797 0 2194 2194 1.22 1.22 -

10446 16632 27078 9 15.07 +15.4
Scheme 3 [Sc4c(i)] Raw water from Gariep Dam to Novo outfall 197.8 DN1300 and DN1400 1645 | 361 1901 | 377 1645 | 231 1901 | 248 64 116.5 51.9 1808 8918 13811 22729 7.64 12.57 -
+ Maselspoort upgrades 33.5 DN800 235 | 133 570 | 210 - - Incl above Incl above 7.4 1808 498 405 903 0.22 0.50 -
+ Rustfontein pumping operation cost ~29 km Assumed DN1100 1373 | 197 - - - - - 43.3 1808 0 1312 1312 0.73 0.73 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 985 | 244 - - - - - 31.1 1808 0 1169 1169 0.65 0.65 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 1054 | 141 - - - - - 33.2 1808 0 723 723 0.40 0.40 -

9416 17421 26836 10 14.85 +13.7
Scheme 4 [Sc5f] Raw water from Gariep Dam to Rustfontein Dam 203.9 DN1300 1431 | 378 1901 | 412 1431 | 78 1901 | 104 64 130.3 45.1 1955 8473 12718 21191 6.51 10.84 -
+ Maselspoort upgrades 33.5 DN800 299 | 140 570 | 210 - - Incl above Incl above 9.4 1955 498 459 957 0.24 0.49 -
+ Rustfontein pumping operation cost ~29 km Assumed DN1100 1390 | 197 - - - - - 43.8 1955 0 1332 1332 0.68 0.68 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1219 | 246 - - - - - 38.4 1955 0 1457 1457 0.75 0.75 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 863 | 138 - - - - - 27.2 1955 0 578 578 0.30 0.30 -

8971 16544 25515 8 13.05 100

Total

Total

Total

Total
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Figure E-2: Scheme 1B supply to Bloemfontein and Rustfontein WTW

Table E-4: Historic Firm Yield required from Gariep Dam to satisfy 2050 demands

Scheme
Historic Firm
Yield (million

m3/a)

Maximum
transfer volume

(million m3/a)

Percentage of 2050 demands met

Bloemfontein
(%)

Botshabelo &
Thaba Nchu (%)

1A (potable to Bloemfontein) 186 120 100.0 84.4

1B (potable to regional
command reservoir) 186 120 100.0 99.6

4B (raw water to Rustfontein
Dam) 186 142 100.0 100.0

It is evident from Table E-4 that Schemes 1A and 4B would not be able to supply 100% of the demands
for Botshabelo and Thaba Nchu, mainly due to bottlenecks in the existing GBWSS infrastructure. The
infrastructure sizing and cost estimates were updated for Schemes 1A, 1B and 4B with the calculated
NPV and URV information shown in Table E-5.
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Table E-5: Results of financial comparison for additional schemes 1A, 4B and 1B (Hybrid) with maximum annual transfer of 142 million m³/a

Scheme Number

Pipeline length Pipe diameter HLPS
Average

duty

HLPS
Maximum

duty

Booster
PS Avg

duty

Booster
PS Max

duty

WTW
upgrades

Total volume
treated (2050

demands)

Volume
pumped (2050

demands)

HFY for URV
(6% over 45

yrs)

Total Capital
Cost

Net Present
Value of O&M

Total Net
Present

Value

O&M
URV

Total
URV

Comparison
to lowest

option cost

Scheme comparison of increased transfer at 142 Mm³ / annum km mm ǎ/s | m ǎ/s | m ǎ/s | m ǎ/s | m Mǎ Mm³/annum Mm³/annum Mm³ (Million Rands)(Million Rands)(Million Rands) R/m3 R/m3
%

Scheme 1A [Sc5b] Potable water from Gariep Dam to Bloemfontein 181.2 2 x DN1500 2925 | 356 5085 | 399 2925 | 89 5085 | 119 390 185.9 92.2 2208 25120 21983 47103 9.96 21.33 -
+ Rustfontein pumping operation cost ~29 km Assumed DN1100 941 | 185 - - - - - 29.7 2208 0 844 844 0.38 0.38 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 726 | 243 - - - - - 22.9 2208 0 856 856 0.39 0.39 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 1926 | 165 - - - - - 60.7 2208 0 1544 1544 0.70 0.70 -

25120 25226 50347 11.42 22.80 +3.1
Scheme 4B [Sc5f] Raw water from Gariep Dam to Rustfontein Dam 203.9 2 x DN1400 & DN1600 3016 | 367 4500 | 408 - - 189 182.2 95.1 2208 21317 20941 42258 9.48 19.14 -
+ Maselspoort upgrades 33.5 DN800 706 | 217 570 | 210 - - Incl above Incl above 22.3 2208 505 1034 1539 0.47 0.70 -
+ New pipeline from Rustfontein to Bloemfontein 50.2 DN1000 63 | 98 920 | 242 - - - - - 2208 914 199 1112 0.09 0.50 -
+ Rustfontein pump upgrades + operating cost (to Bloemfontein) Varies Equivalent DN1400 63 | 98 1440 | 156 - - - - 2.0 2208 119 265 384 0.12 0.17 -
+ Rustfontein pumping operation cost (to Botshabelo) ~29 km Assumed DN1100 1445 | 199 - - - - - 45.6 2208 0 1398 1398 0.63 0.63 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1529 | 249 - - - - - 48.2 2208 0 1849 1849 0.84 0.84 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 475 | 133 - - - - - 15.0 2208 0 307 307 0.14 0.14 -

22855 25992 48847 12 22.12 100
Scheme 1B [Sc5b] Potable water from Gariep Dam to Rustfontein 186.1 2 x DN1400 2776 | 362 4294 | 401 2776 | 210 4294 | 233 330 182.2 87.5 2208 21846 24675 46521 11.17 21.07 -
+ Gravity pipeline to Longridge reservoir from command reservoir 26.0 DN1200 - - - - - - 69.2 2208 663 144 808 0.07 0.37 -
+ Gravity pipeline to Rustfontein from command reservoir 25.7 DN1100 - - - - - - 50.7 2208 590 128 718 0.06 0.33 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1493 | 249 - - - - - 47.1 2208 0 1803 1803 0.82 0.82 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 575 | 134 - - - - - 18.1 2208 0 375 375 0.17 0.17 -

23099 27125 50224 12.28 22.75 +2.8Total

Total

Total
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It is evident from Table E-5 that the URVs of Schemes 1A, 1B and 4B were within 3% of each other and
therefore considered comparable from a financial perspective. Given that Scheme 1A can only supply
84.4% of the demands to Botshabelo and Thaba Nchu, and that Scheme 4B is a raw water scheme that
cannot supply the towns along the pipeline route, it was proposed that Scheme 1B be considered for
implementation.

The water resources yield modelling was further optimised for Scheme 1B by testing different operating
rules and maximising the utilisation of existing and proposed infrastructure. This optimisation process
resulted in reducing the maximum transfer volume from 120 million m3/a to 101 million m3/a.

A stochastic analysis was subsequently undertaken for Scheme 1B to confirm that the 2050 demand
can be delivered at a minimum of 98% assurance of supply (i.e. a 1:50 year recurrence interval). Figure
E-4 shows the outcome of the stochastic analysis, which indicates that yields of approximately 220
million m3/a and 213 million m3/a can be delivered at 98% and 99% assurance of supply, respectively.
It is recommended that the maximum transfer volume from Gariep Dam remains at 101 million m3/a as
the higher assurance of supply provides flexibility should additional towns be included in future as part
of the GBWSS or to cater for any unforeseen delays experienced with the implementation of any of the
2012 Reconciliation Strategy interventions.

Upon completion of the stochastic analysis and based on a maximum transfer volume of
101 million m3/a, three alternative configurations for Scheme 1B were considered as part of the design
optimisation process (refer to Figure 7-10). These alternative configurations mainly evaluated different
locations for the booster pump station, different elevations for the second command reservoir, and
connecting pipeline sizes between the second command reservoir and Bloemfontein as well as between
the command reservoir and Rustfontein WTW. The NPVs and URVs for the three configurations were
determined and are shown in Table E-6. The URVs of the three configurations differ by less than 2%,
meaning that the configurations are comparable from a financial perspective.

A site visit was undertaken in January 2024 to evaluate the various infrastructure sites in terms of
topography, impact on farming activities, location relative to existing access roads and powerlines, as
well as any other observations that could impact the feasibility of the sites. Operational aspects were
also considered, e.g. preference will be given to configurations where demands can be met under gravity
flow, rather than flow being pumped. Based on the findings of the site visit and accounting for operational
considerations, it is recommended that the detailed feasibility design proceed based on Configuration
1B1(A) as shown in Figure E-3.
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Figure E-3: Configuration of Scheme 1B1(A)

The main infrastructure components for Configuration 1B1(A) are shown in Table E-7.

A system risk failure analysis was undertaken for Schemes 1A, 1B and 4B that involved assessing the
resilience of schemes by considering potential failures at supply sources or at a WTW. This evaluation
entailed examining the system's ability to meet the 2050 demands of the major demand centres,
Bloemfontein, Botshabelo and Thaba Nchu, in the event of a failure. The critical point of failure was
found to be the supply from Rustfontein WTW, which if it fails, Schemes 1A and 4B result in the supply
to Botshabelo and Thaba Nchu being reduced to 10% of the 2050 demands. Scheme 1B provides the
most resilience and operational flexibility of the three schemes, as in the event of failure from any one
of the four WTWs over 80% of the 2050 demands can still be supplied.
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Figure E-4: Stochastic yield analysis for Scheme 1B
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Table E-6: Results of financial comparison for optimization of scheme 1B (Hybrid)

Scheme Number
Pipeline length Pipe diameter HLPS

Average
duty

HLPS
Maximum

duty

Booster
PS Avg

duty

Booster
PS Max

duty

WTW
upgrades

Total volume
treated (2050

demands)

Volume
pumped (2050

demands)

HFY for URV
(6% over 45

yrs)

Total Capital
Cost

Net Present
Value of O&M

Total Net
Present

Value

O&M
URV

Total
URV

Comparison
to lowest

option cost

Scheme 1B optimization km mm ǎ/s | m ǎ/s | m ǎ/s | m ǎ/s | m Mǎ Mm³/annum Mm³/annum Mm³ (Million Rands)(Million Rands)(Million Rands) R/m3 R/m3
%

Scheme 1B1A [Sc5b] Potable water from Gariep Dam to Rustfontein
186.9 2 x DN1400 2776 | 363 4294 | 403 2776 | 106 4294 | 138 330 182.2 87.5 2208 21493 22965 44458 10.40 20.13

-
+ Gravity pipeline to Brandkop reservoir from command reservoir 31.4 DN1600 - - - - - - 69.2 2208 1100 239 1339 0.11 0.61 -
+ Gravity pipeline to Rustfontein from command reservoir 24.5 DN1400 - - - - - - 68.9 2208 648 141 789 0.06 0.36 -
+ Rustfontein pumping operation cost (to Botshabelo) ~29 km Assumed DN1100 1445 | 199 - - - - - 45.6 2208 0 1398 1398 0.63 0.63 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1493 | 249 - - - - - 47.1 2208 0 1803 1803 0.82 0.82
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 575 | 134 - - - - - 18.1 2208 0 375 375 0.17 0.17 -

23241 26920 50161 12.19 22.72 +1.2
Scheme 1B1B [Sc5b] Potable water from Gariep Dam to Botshabelo

186.9 2 x DN1400 2776 | 363 4294 | 403 2776 | 106 4294 | 138 330 182.2 87.5 2208 21493 22965 44458 10.40 20.13
-

+ Gravity pipeline to Brandkop reservoir from command reservoir 31.4 DN1600 - - - - - - 69.2 2208 1100 239 1339 0.11 0.61 -
+ Gravity pipeline to Botshabelo from command reservoir 30.3 DN2000 - - - - - - 68.9 2208 1571 342 1913 0.15 0.87 -
+ Rustfontein pumping operation cost (to Botshabelo) ~29 km Assumed DN1100 579 | 180 18.3 2208 0 506 506 0.23 0.23 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1493 | 249 - - - - - 47.1 2208 0 1803 1803 0.82 0.82 -
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 575 | 134 - - - - - 18.1 2208 0 375 375 0.17 0.17

24164 26230 50394 11.88 22.82 +1.7
Scheme 1B2 [Sc5b] Potable water from Gariep Dam to Rustfontein

180.2 2 x DN1400 & DN1600 2776 | 363 4294 | 403 - - 330 182.2 87.5 2208 22081 20695 42776 9.37 19.37
-

+ Pumped pipeline to Brandkop reservoir from command reservoir 36.4 DN1500 1489 | 49 2193 | 85 - - - - 69.2 2208 1171 777 1948 0.35 0.88 -
+ Gravity pipeline to Rustfontein from command reservoir 29.3 DN1600 - - - - - - 68.9 2208 1025 223 1248 0.10 0.57 -
+ Rustfontein pumping operation cost (to Botshabelo) ~29 km Assumed DN1100 1445 | 199 - - - - - 45.6 2208 0 1398 1398 0.63 0.63 -
+ Welbedacht pumping operation cost ~5.2 km to reservoir DN1170 1493 | 249 - - - - - 47.1 2208 0 1803 1803 0.82 0.82
+ Novo transfer pumping operation cost ~14.4 km to reservoir DN1200 575 | 134 - - - - - 18.1 2208 0 375 375 0.17 0.17

24277 25271 49547 11 22.44 100

Total

Total

Total
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Table E-7: Summary of main infrastructure components of Scheme 1B1(A)

Infrastructure component Capacity / Size Length (km)

Low-lift pump station 3,797 m3/s @ 102 m -

Raw water pipeline 1800 mm 10.5 km

Water treatment works 312 Mǎ/d -

High-lift pump station 3,616 m3/s @ 325 m -

1st command reservoir 80 Mǎ -

Booster pump station 3,616 m3/s @ 124 m -

2nd command reservoir 80 Mǎ -

Potable pipeline from high-lift pump station to 2nd

command reservoir 1800 mm 176.4 km

Potable pipeline from 2nd command reservoir to
Bloemfontein 2000 mm 31.4 km

Potable pipeline from 2nd command reservoir to
Rustfontein WTW 1400 mm 24.5 km

The total capital cost of Scheme 1B1(A) is estimated at R 23,24 million (excluding VAT) at pre-feasibility
level of detail.

A high-level comparison between Schemes 1A, 1B and 4B were undertaken based on the following
considerations:

Ʒ Socio-economic,
Ʒ Financing arrangements,
Ʒ Institutional arrangements, and,
Ʒ Environmental impacts.

It was concluded from this high-level comparison that none of these considerations will dictate the
scheme to be implemented. The decision on which scheme to implement must therefore be based on
strategic, financial and operational considerations.

Based on the above conclusions, it is recommended that the detailed feasibility study proceed based
on Scheme 1B1(A) for the following reasons:

Ʒ Financially it is comparable to all other schemes that were considered,
Ʒ It is the only scheme that can satisfy 100% of the 2050 demands to all the demand centres

located within GBWSS, and,
Ʒ It is the scheme with the greatest operational flexibility and resilience, even when failures at any

of the WTWs are experienced.



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xviii

Contents

Report Structure .............................................................................................................................. iv
Reference .......................................................................................................................................... v
Executive Summary ......................................................................................................................... vi
Contents ....................................................................................................................................... xviii
Abbreviations ............................................................................................................................. xxviii
1 Introduction ............................................................................................................................... 1-1

1.1 Background ............................................................................................................ 1-1
1.2 Study Objectives ..................................................................................................... 1-1
1.3 Study Parameters ................................................................................................... 1-3
1.4 Study Methodology ................................................................................................. 1-4
1.5 Report Structure ..................................................................................................... 1-7

2 Status Quo Comprehension of the GBWSS ............................................................................. 2-1

2.1 Overview of the GBWSS in the ORS ....................................................................... 2-1
2.2 Existing Configuration of the GBWSS ...................................................................... 2-1
2.3 Existing Challenges ................................................................................................ 2-3
2.4 Ongoing and Planned Future Upgrades .................................................................. 2-3

3 Water Demand and Resource Analysis.................................................................................... 3-1

3.1 Water Demand Analysis .......................................................................................... 3-1

3.1.1 Greater Bloemfontein Water Supply System ............................................. 3-1
3.1.2 Demand Projections from Previous Studies .............................................. 3-1
3.1.3 Historic Water Demands ........................................................................... 3-4
3.1.4 Future Water Demands............................................................................. 3-7
3.1.5 Future Water Demand Scenarios ............................................................ 3-19
3.1.6 Future Water demand Projections ........................................................... 3-21
3.1.7 Comparison of Projections to Previous Studies ....................................... 3-25
3.1.8 Possible Future Intervention Options ...................................................... 3-33

3.2 Water Resource Analysis ...................................................................................... 3-36

3.2.1 Model Configuration................................................................................ 3-36
3.2.2 WRYM Analysis ...................................................................................... 3-37
3.2.3 WRYM Discussion .................................................................................. 3-41

4 Water Quality Analysis ............................................................................................................. 4-1
5 Geotechnical Investigations – Desktop Level.......................................................................... 5-1

5.1 Site Characterisation ............................................................................................... 5-1

5.1.1 Site description ......................................................................................... 5-1
5.1.2 Regional Geology ..................................................................................... 5-2

5.2 Seismicity ............................................................................................................... 5-2
5.3 Weathering and Soils .............................................................................................. 5-4
5.4 Geotechnical Considerations................................................................................... 5-4

5.4.1 Excavation Conditions .............................................................................. 5-4
5.4.2 Expansive Soil and Rock .......................................................................... 5-4
5.4.3 Corrosivity ................................................................................................ 5-5
5.4.4 Stability of Excavations ............................................................................. 5-5
5.4.5 Crossing of Streams and Areas with Alluvial Material ................................ 5-5



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xix

5.4.6 Crossing of Roads and Railway Lines ....................................................... 5-5
5.4.7 Bedding Materials ..................................................................................... 5-5

5.5 Geotechnical Conclusions ....................................................................................... 5-6

6 Topographical Survey – Available Survey Information ........................................................... 6-1
7 Pre-feasibility Design, Infrastructure Sizing and Cost Estimation ......................................... 7-1

7.1 Scheme Development and Basis of Design ............................................................. 7-1
7.2 Existing Infrastructure and Common Upgrades........................................................ 7-1
7.3 Design Parameters for Bulk Water infrastructure ..................................................... 7-4

7.3.1 Horizontal and Vertical Pipe Alignments .................................................... 7-4
7.3.2 Design Flow Rates and Pipe Sizing .......................................................... 7-6
7.3.3 Pipeline Hydraulics ................................................................................... 7-8
7.3.4 Pump Sizing and Power Requirements ................................................... 7-10
7.3.5 Reservoirs .............................................................................................. 7-10

7.4 Proposed Bulk Water Infrastructure (Schemes 1 to 4) ........................................... 7-10

7.4.1 Scheme and Sub-option Development .................................................... 7-10
7.4.2 Selection of Preferred Sub-options.......................................................... 7-12
7.4.3 Schematics ............................................................................................. 7-15
7.4.4 Additional Infrastructure and Operational Considerations ........................ 7-16
7.4.5 Comparison of Schemes 1 to 4 ............................................................... 7-17
7.4.6 Stakeholder feedback on Schemes 1 to 4 ............................................... 7-19

7.5 Proposed Bulk Water Infrastructure (Schemes 1A, 1B and 4B) .............................. 7-19

7.5.1 Development of Scheme 1B ................................................................... 7-19
7.5.2 Design Flow Rates ................................................................................. 7-22
7.5.3 Further Development of Preferred Sub-options ....................................... 7-24
7.5.4 Schematics ............................................................................................. 7-25
7.5.5 Additional Infrastructure and Operational Considerations ........................ 7-26
7.5.6 Comparison of Schemes 1A, 1B and 4B ................................................. 7-27
7.5.7 Stakeholder Feedback on Schemes 1A, 1B and 4B ................................ 7-29

7.6 Design Optimisation of Scheme 1B ....................................................................... 7-29

7.6.1 Supply to Low-Lift Pump Station ............................................................. 7-29
7.6.2 Optimisation of Scheme 1B configuration ................................................ 7-30
7.6.3 Updated Termination Points and Design Flow Rates ............................... 7-32
7.6.4 Alternative Configurations and Pipeline Routes ....................................... 7-32
7.6.5 Pipeline Hydraulics and Bulk Infrastructure Sizing ................................... 7-33
7.6.6 Summary of Infrastructure Requirements ................................................ 7-37
7.6.7 Site Inspection of Scheme 1B Configurations .......................................... 7-39
7.6.8 Cost Comparison and Configuration Selection ........................................ 7-49
7.6.9 Updated Infrastructure Sizing Based on Stochastic Analysis (Pre-

feasibility Design) ................................................................................... 7-50
7.6.10 Cost Estimate for Pre-feasibility Design of Scheme 1B ............................ 7-57

7.7 Water Treatment Works ........................................................................................ 7-59

7.7.1 WTW Site Location ................................................................................. 7-59
7.7.2 Design Capacity and proposed Phasing .................................................. 7-60
7.7.3 Water Quality and Characterisation ......................................................... 7-61
7.7.4 Existing Gariep Dam WTW ..................................................................... 7-62
7.7.5 Preliminary Process Selection................................................................. 7-64
7.7.6 Treatment Objectives and Unit Treatment Process Requirements ........... 7-65



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xx

7.7.7 Treatment Objectives and Effectiveness ................................................. 7-65
7.7.8 Process Sizing ........................................................................................ 7-66
7.7.9 Financial Considerations ......................................................................... 7-77
7.7.10 Operation and Maintenance Cost ............................................................ 7-78

7.8 Ancillary Infrastructure .......................................................................................... 7-81

7.8.1 Power Supply ......................................................................................... 7-81
7.8.2 Alternative power sources ....................................................................... 7-83

8 System Supply Risk Analysis ................................................................................................... 8-1

8.1 Risk Analysis Approach .......................................................................................... 8-1
8.2 Risk Analysis Scheme 1A ....................................................................................... 8-1
8.3 Risk Analysis Scheme 1B ....................................................................................... 8-3
8.4 Risk Analysis Scheme 4B ....................................................................................... 8-5
8.5 Risk Analysis Comparison ....................................................................................... 8-7

9 Financial Assessment of Schemes (Including NPVs and URVs) ............................................ 9-1

9.1 Description of Hydraulic Analysis and Costing Model .............................................. 9-1
9.2 Capital Expenditure (CAPEX) .................................................................................. 9-2

9.2.1 Bulk Water Pipelines ................................................................................. 9-2
9.2.2 Reservoirs ................................................................................................ 9-3
9.2.3 Pump Stations .......................................................................................... 9-3
9.2.4 Water Treatment Works ............................................................................ 9-3

9.3 Operational Expenditure (OPEX) ............................................................................. 9-4

9.3.1 Discount Rates and Planning Horizon for Net Present Value (NPV) .......... 9-4
9.3.2 Unit Reference Values (URV) ................................................................... 9-4
9.3.3 Water Treatment Cost .............................................................................. 9-5
9.3.4 Energy Cost.............................................................................................. 9-6
9.3.5 Maintenance and Administration Cost ....................................................... 9-6

9.4 Results of Financial Comparisons ........................................................................... 9-6

9.4.1 Original Schemes 1 to 4 at Maximum Transfer of 60 million m³/a .............. 9-7
9.4.2 Schemes 1A, 4B and 1B at Maximum Transfer of 120 and 142 million m³/a

 ................................................................................................................. 9-7
9.4.3 Sensitivity Analysis of NPV and URV ........................................................ 9-7
9.4.4 Scheme 1B optimisation ........................................................................... 9-8

10 Economic, Financing and Institutional Considerations ........................................................ 10-1

10.1 Socio-Economic Considerations ............................................................................ 10-1
10.2 Financing Considerations ...................................................................................... 10-1
10.3 Institutional Considerations ................................................................................... 10-2

11 Environmental Considerations ............................................................................................... 11-1
12 Conclusions and Recommendations ..................................................................................... 12-1
13 References .............................................................................................................................. 13-1



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxi

Appendices

Appendix A

Book of Existing, Common Upgrades and Scheme Layouts

Appendix B

Sub-Option Hydraulic Gradelines

Appendix C

Gariep WTW Site Inspection Report

Figures

Figure 1-1: Previously studied route options from Gariep Dam to the GBWSS

Figure 1-2: Routes of four schemes to be investigated

Figure 1-3: Flow chart of scheme development process

Figure 2-1: Overview of the Orange/Senqu River, ORP and GBWSS in 2050

Figure 2-2: Existing infrastructure making up GBWSS

Figure 3-1: Towns and villages located close to proposed Scheme 1B bulk infrastructure

Figure 3-2: Water demand scenarios from the 2012 Reconciliation Strategy

Figure 3-3: Water demand scenarios from 2015 Technical Feasibility Study

Figure 3-4: Total historic water demands

Figure 3-5: Bloemfontein historic water demands (including 2010 and 2011 demands)

Figure 3-6: Botshabelo and Thaba Nchu historic water demands

Figure 3-7: Small towns historic water demands

Figure 3-8: MMM Population

Figure 3-9: Xhariep and Thabo Mofutsanyana DM

Figure 3-10: Population projection for each major demand centre

Figure 3-11: Population projection for each small town

Figure 3-12: Access to Water (Census, 2011)

Figure 3-13: Typical water consumption per capita (The Department of Human Settlements, 2019)

Figure 3-14: Additional LOS per capita consumption applied from 2023 to 2050

Figure 3-15: Water demand Projections for Bloemfontein

Figure 3-16: Water demand Projections for Botshabelo

Figure 3-17: Water demand Projections for Thaba Nchu

Figure 3-18: Water demand Projections for Small Towns

Figure 3-19: Total Water demand Projections for the Study Area

Figure 3-20: Bloemfontein future water demand requirements comparison with Scenario 2

Figure 3-21: Botshabelo and Thaba Nchu Future Water Demand Requirements comparison with
Scenario 2



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxii

Figure 3-22: Small Towns Future Water Demand Requirements comparison with Scenario 2

Figure 3-23: Total Future Water Demand Requirements comparison with Scenario 2

Figure 3-24: Water resource phases for analysis

Figure 3-25: Long-term stochastic curve of the GBWSS at 2050 development level

Figure 4-1: Box plots of the chlorophyll-a concentrations at different sampling sites in the
Orange River system for an extended period (not specified) (Venter, 2000)

Figure 5-1: Sections of general topography along the pipeline routes

Figure 5-2: Regional Geology of the site (1:250 000 Geological maps as listed, published by the
Council for Geoscience)

Figure 5-3: Seismic hazard map showing peak ground acceleration (g) with 10% probability of
being exceeded in a 50-year period (SANS 10160-4: 2017)

Figure 5-4: Site location with respect to macro-climatic regions of Southern Africa (after Weinert,
1980)

Figure 6-1: Extent of NGI contour data

Figure 7-1: Plan layout of bulk water pipeline routes and associated vertical profiles for original
four schemes

Figure 7-2: Hydraulic gradeline of Scheme 1 (Sub-Option 3) for maximum flow from Gariep Dam
to Bloemfontein

Figure 7-3: Hydraulic gradeline of Scheme 1 (Sub-Option 3) for average flow from Gariep Dam to
Bloemfontein

Figure 7-4: Diagram illustrating iterative sub-option selection process for Scheme 1

Figure 7-5: Hydraulic gradelines of sub-options assessed for Scheme 1

Figure 7-6: Plan layout of bulk water pipeline routes and associated vertical profiles for all
schemes

Figure 7-7: Scheme 1B supply to Bloemfontein and Rustfontein WTW

Figure 7-8: Indicative footprint of proposed Gariep Dam connection point and low-lift pump
station sites

Figure 7-9: Historic water levels in Gariep Dam

Figure 7-10: Map of alternative infrastructure configurations for hybrid scheme 1B

Figure 7-11: Hydraulic gradeline of alternative configuration 1B1 from Gariep Dam to proposed
command reservoir at maximum flow (4.294 m³/s)

Figure 7-12: Hydraulic gradeline of alternative configuration 1B1 from proposed command
reservoir to Brandkop reservoir (gravity) at maximum flow (2.193 m³/s)

Figure 7-13: Hydraulic gradeline of alternative configuration 1B(A) from proposed command
reservoir to Rustfontein pump station at maximum flow (2.186 m³/s)

Figure 7-14: Hydraulic gradeline of alternative configuration 1B1(B) from proposed command
reservoir to Botshabelo reservoir at maximum flow (2.186 m³/s)

Figure 7-15: Hydraulic gradeline of alternative configuration 1B2 from Gariep Dam to proposed
command reservoir at maximum flow (4.294 m³/s)

Figure 7-16: Hydraulic gradeline of alternative configuration 1B2 from proposed command
reservoir to Brandkop reservoir (pumped) at maximum flow (2.193 m³/s)



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxiii

Figure 7-17: Hydraulic gradeline of alternative configuration 1B2 from proposed command
reservoir to Rustfontein pump station at maximum flow (2.186 m³/s)

Figure 7-18: Location of originally proposed and alternative sites for low-lift pump station

Figure 7-19: Photo of proposed and alternative sites for low-lift pump station

Figure 7-20: Location of proposed WTW and high-lift pump station site

Figure 7-21: Northern property considered for WTW and high-lift pump station site

Figure 7-22: Southern property considered for WTW and high-lift pump station site

Figure 7-23: Proposed location of first command reservoir

Figure 7-24: Photo of proposed location for first command reservoir

Figure 7-25: Proposed location of Booster Pump Station 1B1

Figure 7-26: Photo of proposed location for Booster Pump Station 1B1

Figure 7-27: Proposed location of second command reservoir

Figure 7-28: Photo of proposed location for second command reservoir

Figure 7-29: Location of Booster Pump Station 1B2

Figure 7-30: Photo of proposed location for suction reservoir and Booster Pump Station 1B2

Figure 7-31: Alternative position for second command reservoir

Figure 7-32: Hydraulic gradeline of abstraction pipeline from Gariep Dam to proposed WTW at
maximum flow (3.797 m³/s)

Figure 7-33: Hydraulic gradeline of bulk transfer pipeline from proposed WTW to command
reservoir at maximum flow (3.616 m³/s)

Figure 7-34: Hydraulic gradeline of gravity pipeline from second command reservoir to
Rustfontein pump station at maximum flow (2.428 m³/s)

Figure 7-35: Hydraulic gradeline of gravity pipeline from second command reservoir to Brandkop
Reservoir at maximum flow (3.616 m³/s)

Figure 7-36: Schematic of pre-feasibility design for scheme 1B

Figure 7-37: Location of the proposed WTW for Scheme 1B

Figure 7-38: View of the proposed WTW from the N1 highway

Figure 9-1: Flow chart linking hydraulic analysis parameters to financial model outputs

Figure 12-1: Flow chart of scheme development process

Figure 12-2: Scheme 1B supply to Bloemfontein and Rustfontein WTW

Figure 12-3: Configuration of Scheme 1B1(A)

Figure 12-4: Stochastic yield analysis for Scheme 1B

Tables

Table 3-1: GBWSS potable water demands for 2023, 2035 and 2050 (DWS, 2022)

Table 3-2: 2014 Base water demands

Table 3-3: MMM Population



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxiv

Table 3-4: Population growth rates

Table 3-5: Population projections for each demand centre

Table 3-6: Access to water

Table 3-7: Historic water consumption per capita, 2014

Table 3-8: Domestic water consumption (2014) based on Red Book guidelines

Table 3-9: Water demand consumption per capita based on income

Table 3-10: Average per capita domestic consumption

Table 3-11: Per capita consumption based on Red Book and DWS guidelines for changed LOS

Table 3-12: Per capita consumption increase for LOS

Table 3-13: Future water demand projection scenarios

Table 3-14: 2014 Base water demand data

Table 3-15: Future Water demands for Scenario 1 and 2

Table 3-16: Bloemfontein water demand comparison

Table 3-17: Botshabelo and Thaba Nchu water demand comparison

Table 3-18: Small Towns water demand comparison

Table 3-19: Total comparison results

Table 3-20: Small Towns Data (2008)

Table 3-21: Small Towns Population Growth

Table 3-22: Small Towns Water Demand Data (2008)

Table 3-23: Future Water demand Projections

Table 3-24: Phase 1 water resource analysis scenario description summary

Table 3-25: Phase 2 water resource analysis scenario description summary

Table 4-1: Expected raw water characteristics

Table 5-1: Summary of general pipeline route layout

Table 5-2: Conditions and considerations for each of the proposed pipeline options

Table 7-1: Summary of existing bulk water pipelines and proposed common upgrades

Table 7-2: Summary of bulk water transfer pipeline characteristics used for design

Table 7-3: Table of WTW outflows of schemes assessed for this study

Table 7-4: Design flow rates for bulk water transfer infrastructure from Gariep Dam to scheme
termination

Table 7-5: Sub-options considered for Scheme 1

Table 7-6: NPV and URV summary of sub-options (Schemes 1 to 4)

Table 7-7: Infrastructure details of recommended scheme sub-options (Schemes 1 to 4)

Table 7-8: Summary of proposed new pump station operating requirements for each scheme

Table 7-9: Summary of reservoir requirements for each scheme

Table 7-10: Summary of schematics developed for pre-feasibility investigation



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxv

Table 7-11: Summary of additional pipeline infrastructure and pumping operations associated
with each scheme

Table 7-12: Summary of water treatment infrastructure and treatment volumes included in each
scheme

Table 7-13: Results of financial comparison for original schemes 1 to 4 with maximum annual
transfer of 60 Mm³/a

Table 7-14: Summary of bulk water transfer pipeline characteristics used for design (Schemes
1A, 1B and 4B)

Table 7-15: Table of WTW outflows of schemes assessed for this study

Table 7-16: Design flow rates for bulk water transfer infrastructure from Gariep Dam to scheme
termination

Table 7-17: Infrastructure details of recommended scheme sub-options (Schemes 1A, 1B and
4B)

Table 7-18: Summary of proposed new pump station operating requirements for Schemes 1A,
1B and 4B

Table 7-19: Summary of reservoir requirements for Schemes 1A, 1B and 4B

Table 7-20: Summary of schematics developed for pre-feasibility investigation

Table 7-21: Summary of additional pipe infrastructure and pumping operations associated with
Schemes 1A, 1B and 4B

Table 7-22: Summary of water treatment infrastructure and treatment volumes included in
Schemes 1A, 1B and 4B

Table 7-23: Results of financial comparison for additional schemes 1A, 4B and 1B (Hybrid) with
maximum annual transfer of 142 Mm³/a

Table 7-24: Updated design flow rates for scheme 1B optimisation

Table 7-25: Summary of pumping and power requirements calculated for Scheme 1B
configurations

Table 7-26: Summary of pipeline and pump station infrastructure and pumping operations
associated with each configuration of Scheme 1B

Table 7-27: Summary of schematics developed for scheme 1B configurations

Table 7-28: Table of WTW outflows of Scheme 1B (optimised)

Table 7-29: Design flow rates for pre-feasibility design of scheme 1B

Table 7-30: Summary of treatment and bulk transfer infrastructure for pre-feasibility design of
scheme 1B

Table 7-31: Summary of pumping and power requirements for pre-feasibility design of scheme
1B

Table 7-32: Cost estimate for pre-feasibility design of preferred Scheme 1B

Table 7-33: Final water characteristics from the existing Gariep WTW

Table 7-34: O’Melia raw water classification system

Table 7-35: List of 'special problems'

Table 7-36: Summary treatment objectives

Table 7-37: Preliminary Lime Dosing Calculations



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxvi

Table 7-38: Preliminary Rapid Mixing Calculations

Table 7-39: PACǎ Dosing System calculations

Table 7-40: Flash-mixing preliminary design

Table 7-41: Sludge Blanket Clarifier (Pulsator) Preliminary Design

Table 7-42: Filtration Bed Fluidization and Expansion

Table 7-43: Preliminary Filter Design

Table 7-44: CT Values for Inactivation of Giardia Cysts

Table 7-45: CT Values for Inactivation of Bacteria and Viruses

Table 7-46: Sludge Production and Storage Requirements

Table 7-47: Estimated Capital Expenditure for the New Gariep WTW

Table 7-48: Estimated Annual Maintenance Cost as a function of CRC for the New Gariep WTW

Table 7-49: Approximate annual staffing costs for the New Gariep WTW

Table 7-50: Estimated other Operational Costs for the New Gariep WTW (per annum)

Table 7-51: Estimated Annual Operation and Maintenance Budget for the New Gariep WTW

Table 7-52: Summary of medium and high-voltage upgrades

Table 7-53: Hydropower potential at various sites

Table 8-1: Risk analysis Scheme 1A summary

Table 8-2: Risk analysis Scheme 1B summary

Table 8-3: Risk analysis Scheme 4B summary

Table 8-4: System supply risk analysis comparison summary

Table 9-1: Summary of rates and pricing assumptions used for costing of steel pipelines

Table 9-2: Capital cost rates calculated for the WTW capacity increases required by each scheme

Table 9-3: Discounted water demands used for unit reference value calculations

Table 9-4: Summary of water treatment costs used for OPEX cost model

Table 9-5: Results of sensitivity analysis of URVs at different discount rates and planning
horizons

Table 9-6: Results of financial comparison for original schemes 1 to 4 with maximum annual
transfer of 60 Mm³/a

Table 9-7: Results of financial comparison for additional schemes 1A, 4B and 1B (Hybrid) with
maximum annual transfer of 142 Mm³/a

Table 9-8: Results of financial comparison for optimization of scheme 1B (Hybrid)

Table 12-1: Total comparison results

Table 12-2: System Historic Firm Yield based on 60 million m3/a transfer from Gariep Dam

Table 12-3: Results of financial comparison for original schemes 1 to 4 with maximum annual
transfer of 60 Mm³/a

Table 12-4: Historic Firm Yield required from Gariep Dam to satisfy 2050 demand

Table 12-5: Results of financial comparison for additional schemes 1A, 4B and 1B (Hybrid) with
maximum annual transfer of 142 Mm³/a



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxvii

Table 12-6: Results of financial comparison for optimization of scheme 1B (Hybrid)

Table 12-7: Summary of main infrastructure components of Scheme 1B1(A)



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxviii

Abbreviations

Acronyms

Acronym Description

AADD Average Annual Daily Demand

AOA Annual Operating Analysis

BW Bloem Water

CBD Central business district

CECs Contaminants of Emerging Concern

COC Current Operating Capacity

CT Contact Time

DAF Dissolved Air Flotation

DAFF Dissolved Air Flotation and Filtration

DEM Digital Elevation Model

DWS Department of Water & Sanitation

EFR Environmental flow requirements

EIA Environmental Impact Assessment

GAADD Gross Average Annual Daily Demand

GIS Geographical information systems

HDPE High-Density Polyethylene

HFY Historic Firm Yield

HLPS High Lift Pump Station

IAP Interested and Affected Parties

IDP Integrated Development Plan

ISP Internal Strategic Perspective

IWULA Integrated Water Use License Application

LAS LiDAR Aerial Survey

LiDAR Light Detection and Ranging

Lo Longitude of origin

LLPS Low Lift Pump Station

LOS Level of Service

MDC Maximum Design Capacity

MMM Mangaung Metropolitan Municipality

NWRP
NTU

DWA Directorate: National Water Resource Planning

Nephelometric Turbidity Unit

ORS Orange River System

PACҚ Poly Aluminium Chloride

P/s Pump station

PPP Private Public Partnerships

PPPr Public Participation Process

PRV Pressure reducing valve



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 xxix

Acronym Description

PVC Polyvinyl Chloride

RDP Reconstruction and Development Programme

RO Reverse osmosis

RPST Reconciliation Planning Support Tool

SDF Spatial Development Plan

SMC Study Management Committee

ToR Terms of Reference

UAW Unaccounted for Water

URV Unit Reference Values

VCWB Vaal Central Water Board

WARMS Water Authorisation and Registration Management System

WC/WDM Water Conservation and Water Demand Management

WMA Water Management Area

WRC Water Research Commission

WRYM Water Resources Yield Model

WSDP Water Service Development Plan

WTP Water Treatment Plant (same meaning as “Water Treatment Works”)

WTW Water Treatment Works (same meaning as “Water Treatment Plant”)

Measurement Units

Symbol Description

Ha Hectares

km Kilometres

m Meters

m³/a Cubic meters per annum

m³/d Cubic meters per day

m³/s Cubic meters per second

million m³ Million cubic meters

mm/a Millimetres per annum

million m³/a Million cubic meters per annum

Rand/a Rand per annum



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 1-1

1 Introduction

1.1 Background
The Water Reconciliation Strategy Study for the Larger Bulk Water Supply Systems: Greater
Bloemfontein Area (DWS, 2012) (henceforth referred to as the “2012 Reconciliation Strategy”) identified
that the Greater Bloemfontein Water Supply System (GBWSS) would need to secure a sustainable
water supply for the future water demands in the area. The 2012 Reconciliation Strategy recommended
that the development of a major surface water augmentation scheme should be given consideration as
a possible option in conjunction with the implementation of various other interventions.

Following the 2012 Reconciliation Strategy, the area experienced water shortages and the major surface
water augmentation scheme option, now called the Greater Mangaung Water Augmentation Project –
Xhariep Pipeline, was accelerated. Vaal Central Water Board (VCWB), previously known as Bloem
Water, and Mangaung Metropolitan Municipality (MMM) independently investigated the same three
route options from Gariep Dam to tie-in points within the GBWSS area (see Figure 1-1). Each institution
reached a different conclusion as to which of the three was the best route/scheme.

The Xhariep Pipeline project was and remains of critical importance to address growing water demands
on a regional basis; thus, the Department of Water and Sanitation (DWS, the Client) appointed Zutari to
complete the pre-feasibility study, which included reviewing all previous studies, and recommending the
optimal scheme from a national and regional perspective. This included determining routing and sizing
to be taken forward to a detailed feasibility stage. Upon completion of the pre-feasibility stage, DWS will
approve the preferred option and thereafter Zutari will carry out the detailed feasibility study, the water
use license application and the environmental authorisation process.

1.2 Study Objectives
This pre-feasibility study conducted an independent investigation that built on the information collected
and analysed in previous work. The objective of this study was to:
Ʒ Evaluate options for the Greater Mangaung Water Augmentation Project with Gariep Dam as

the source,
Ʒ Conduct additional pre-feasibility level investigations, and,
Ʒ Select the optimal size, phasing, and configuration of the best water conveyance infrastructure

option.

After DWS has approved the selected option and the pre-feasibility stage has been concluded, the study
will continue to the detailed feasibility stage where the objectives will be to:
Ʒ Assess the technical, financial, economic, and environmental aspects at detailed feasibility

level,
Ʒ Assess the risks and redundancy of the proposed bulk infrastructure system when operated in

conjunction with the existing bulk infrastructure,
Ʒ Assess the impact of the project on existing systems including the Orange River System (ORS),
Ʒ Integration and utilisation of the available capacities in the existing infrastructure, and,
Ʒ Conduct stakeholder engagement workshops.

As this study is complex in nature, the detailed feasibility stage must also consider:

Ʒ Institutional arrangements for ownership and operation,
Ʒ Financing options,
Ʒ Affordability and bankability in line with the National Treasury guidelines,
Ʒ Opportunities for phased implementation, and,
Ʒ Stakeholder preferences.
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Figure 1-1: Previously studied route options from Gariep Dam to the GBWSS
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1.3 Study Parameters
The following parameters were specified in the Terms of Reference (ToR).

Ʒ The maximum average annual abstraction rate from the Gariep Dam was initially limited to
60 million m³/a.(1)(2)

Ʒ The sizing horizon for the proposed Xhariep Pipeline Project must be at least 30 years (i.e.,
2050 or beyond).(3)

Ʒ Previously identified options were investigated at varying levels of detail. This study undertook a
comparative analysis of these schemes at a consistent level of detail to enable fair comparison
to each other. (4)

Notes:

(1) The 2012 Reconciliation Strategy mentioned a potential additional yield of 60 million m3/a that
could be abstracted from the Caledon River system. However, the Strategy does not explicitly
quantify a future water demand, rather, it indicates a range that corresponds to low and high
growth rate scenarios. While this provided a good indication of the annual volume to plan for, it
was essential to assess its feasibility from both the receiving infrastructure and water availability
perspectives.

(2) Although the ToR for this study assumed that a scheme yield of 60 million m3/a from the ORS
was available before allocation, this needed to be confirmed. It was recognised that the Orange
River catchment is currently fully allocated, and any additional allocations may need concurrent
implementation of permanent water efficiency measures or projects. These could have an
associated cost that would need to be added to the Xhariep Pipeline scheme cost, if applicable.
This is evaluated further in Chapter 3 of this report.

(3) This project adopted a planning horizon of 2050 for the following reasons:

(a) Other studies covering the same supply areas have adopted 2050 as planning horizon,
which improved the reliability of the modelling results as information was available
regarding proposed developments in the Caledon and Orange rivers; and,

(b) No information was available in Lesotho on proposed developments or anticipated water
demands beyond 2050. Extending the planning horizon beyond 2050 would have
significantly reduced the accuracy of the results. Furthermore, updating of the water
demands within Lesotho, as well as obtaining further information on proposed long-term
developments, were beyond the scope of this project.

(4) Three schemes/options were previously investigated as shown in Figure 1-1. The scheme
investigated by MMM would supply potable water from Gariep Dam to Bloemfontein, whereas the
two schemes investigated by VCWB would supply raw water to Knellpoort Dam or to the Novo
Outfall Structure, the latter located in the upper reaches of the Modder River. Due to the losses
associated with transporting water along the Modder River to Rustfontein Dam, a fourth
scheme/option was developed as part of this study that transfers raw water from Gariep Dam
directly to Rustfontein Dam. The horizontal alignment of this fourth scheme, as well as the other
three schemes, are shown in Figure 1-2.

The four schemes compared in this pre-feasibility study are:

¶ Scheme 1: Potable water from Gariep Dam to Bloemfontein,

¶ Scheme 2: Raw water from Gariep Dam to Knellpoort Dam,

¶ Scheme 3: Raw water from Gariep Dam to Novo Outfall Structure, and,

¶ Scheme 4: Raw water from Gariep Dam to Rustfontein Dam.
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Figure 1-2: Routes of four schemes to be investigated

1.4 Study Methodology
Comparing infrastructure schemes/options is an iterative process, especially where the proposed
scheme must be integrated into an existing bulk water supply system. This iterative process was
necessary for this study, as the Xhariep Pipeline infrastructure needs to be integrated into the existing
GBWSS infrastructure.

As noted in Section 1.3, the initial water resources yield modelling was based on transferring a volume
of 60 million m3/a. However, as this was found to be insufficient to satisfy the 2050 demands, additional
yield modelling was required to determine the actual volume to be transferred. The initial and additional
yield modelling results are described in Chapter 3.

Each scheme/option can have a different historic firm yield due to losses in the system based on its
configuration, for example, conveying water along the Modder River will incur more losses than
conveying water in a pipe. This results in schemes needing to transfer different volumes to meet the
2050 water demands. The different volumes impact the infrastructure sizing as well as the capital and
operating costs.
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Figure 1-3 shows a flow chart of the process followed to determine the optimal scheme to be taken
forward to the detailed feasibility study phase. The following points, detailed in Sections 3.2 and 7.5
were considered in the development of the process flow chart:

Ʒ The volume to be transferred from Gariep Dam to meet the 2050 demands exceeded
60 million m3/a, which required further water resources modelling, and,

Ʒ An alternative to the previously identified potable water and raw water schemes was required to
satisfy the overall objectives of the study. This alternative is referred to as a “hybrid” option.

The following definitions were applied with respect to the schemes/options considered:

Ʒ Scheme/Option – this refers to the four main schemes/options being considered as shown in
Figure 1-2, and,

Ʒ Sub-Option – for each scheme/option, multiple sub-options were developed to consider
alternative locations of booster pump stations, reservoirs, and different pipeline sizes.

The historic firm yield (HFY) was determined for each scheme/option and used for comparison and
selection of schemes/options.  Once the preferred scheme was selected, a stochastic analysis was
undertaken to verify that the 2050 demands could be met at a minimum reliability of 98% assurance of
supply.

It is evident from Figure 1-3 that an iterative process was followed between the water resources analysis
and infrastructure sizing. The process also included stakeholder engagement at key points in the project
to present progress and findings, which provided an opportunity for stakeholders to comment on the
proposed solution(s).
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Figure 1-3: Flow chart of scheme development process
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1.5 Report Structure
The purpose of this Pre-feasibility Study Report is present the findings from the pre-feasibility level
investigations and comparative analysis required to enable DWS to select the preferred option that must
be taken forward to the detailed feasibility phase of the project. The Pre-Feasibility Study Report is
structured as follows:

Chapter 1 presents the background and objectives of the study.

Chapter 2 provides details on the status quo comprehension of the Greater Bloemfontein Water Supply
System.

Chapter 3 presents the water demand projections and water resources yield analysis.

Chapter 4 details the water quality analysis undertaken for the Gariep Dam.

Chapter 5 presents the desktop level results of the geotechnical investigations.

Chapter 6 describes the available topographical survey data and details the data to be obtained during
the next phase of the study.

Chapter 7 presents the pre-feasibility design, cost estimates and programming of the various
infrastructure options evaluated.

Chapter 8 describes the water supply and infrastructure system risks.

Chapter 9 provides a financial comparison of infrastructure options.

Chapter 10 describes the economic, financial, and institutional evaluations undertaken in the pre-
feasibility study.

Chapter 11 summarises the environmental evaluation undertaken in the pre-feasibility study.

Chapter 0 contains the conclusions and recommendations on the way forward.
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2 Status Quo Comprehension of the GBWSS

2.1 Overview of the GBWSS in the ORS
The GBWSS falls within the ORS which is part of the larger Orange/Senqu River system that spans
Lesotho, South Africa and Namibia. The GBWSS abstracts water from the Caledon and Modder Rivers.
The Caledon River is a tributary of the Orange River. The Orange River Project (ORP), consisting of the
Gariep and Vanderkloof dams, is located downstream of the GBWSS. The operation and abstraction of
the GBWSS therefore has a direct impact on the ORP which in turn is impacted by upstream
developments within Lesotho and the upper catchment of the Orange River in South Africa.

Figure 2-1 shows a schematic of the GBWSS, the ORP and the Orange/Senqu River system. The
existing dams are shown in blue, with Welbedacht, Gariep and Vanderkloof dams located on the South
African side of the Orange/Senqu River system. Metolong, Mohale and Katse dams are the existing
dams located within Lesotho, that influence the system. Future dams are shown in yellow. The only dam
currently under construction is the Polihali Dam shown in green, located in Lesotho.

Figure 2-1: Overview of the Orange/Senqu River, ORP and GBWSS in 2050

The GBWSS also encompasses the Modder River, however, this does not form part of the ORP and is
a tributary that flows into the Vaal River, before the Vaal River joins the Orange River. The configuration
of how the Caledon and Modder rivers and Welbedacht Dam forms the GBWSS is described in the next
section.

2.2 Existing Configuration of the GBWSS
The existing configuration of the GBWSS is shown in Figure 2-2, while a detailed description of the
GWWSS infrastructure can be found in the Data Collection, Review & Analysis Report (Report No. P
WMA 06/D00/00/3423/4), which forms part of the published reports for this study. The Welbedacht-
Bloemfontein scheme (shown in orange) supplies De Hoek, Wepener, De Wetsdorp, Edenburg,
Reddersburg, Uitkyk and Bloemfontein. The Rustfontein-Thaba Nchu scheme (light green) supplies
Botshabelo and Thaba Nchu as well as smaller towns (e.g. Tabane, Blydskap, Motlatla and Houtnek).
This scheme has the capability to supplement the Welbedacht-Bloemfontein pipeline. The smallest
supply scheme is from Maselspoort WTW to Bloemfontein (dark green). The Rustfontein and Mockes
Dams can be supplemented by the Tienfontein-Knellpoort-Novo transfer (dashed blue).
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Figure 2-2: Existing infrastructure making up GBWSS
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The total storage capacity of the system is 181.5 million m3. The installed capacity of Tienfontein Pump
Station is 5.7 m3/s however the maximum operational capacity is limited to 3.8 m3/s. The Novo Pump
Station has an installed capacity of 2.95 m3/s and a maximum operational capacity of 2.2 m3/s. The
system has a total treatment capacity of 355 Mǎ/d (excluding the Groothoek water treatment works
(WTW) but distribution of potable water is uneven due to WTW location and capacity.

2.3 Existing Challenges
There are several existing challenges that the GBWSS faces, chief among them being that restrictions
were imposed since 2016 due to an inability to meet demands. Botshabelo and Thaba Nchu face the
brunt of the restrictions as they are dependent on supply from Rustfontein and Groothoek WTWs, the
latter of which has limited capacity.

Siltation at Welbedacht Dam remains an ongoing problem for VCWB, and attempts to clear silt upstream
of the dam wall have been unsuccessful.

Though the Welbedacht WTW is not designed to cope with the high siltation loads experienced in high
rainfall seasons, the Welbedacht WTW is reasonably well operated. There are, however, issues
regarding timely maintenance which result in challenges for the operations team to produce fully
compliant potable water on a continuous basis. This is also true of the Rustfontein WTW which
additionally faces challenges with operation of the backwash pumps and air scour valves in the filters,
as well as a deterioration in water quality from its natural catchment.

2.4 Ongoing and Planned Future Upgrades
The 2012 Reconciliation Strategy listed several options to augment the GBWSS water supply, one of
which was to secure the Welbedacht pipeline which experiences frequent bursts. VCWB initiated
Phase 1, a 33.7km section of the pipeline which has been re-laid and the construction is nearing
completion. Phase 2, replacement of the next 71.3km of pipeline, has yet to start.

On account of the 2012 Reconciliation Strategy’s recommendation, the Novo and Tienfontein Pump
Stations pumping capacities were upgraded in 2016 to 3.8 m3/s and 2.2 m3/s respectively by DWS.

A feasibility study for a bidirectional or parallel pipeline/s between Knellpoort Dam and Welbedacht WTW
was commissioned by VCWB and completed in 2019. The project has not progressed beyond the initial
study.

MMM recently commenced with the upgrading of the Maselspoort WTW, which will increase the
treatment capacity from 110Mǎ/d to 120Mǎ/d.

VCWB is also planning to increase the capacity of Rustfontein WTW by an additional 50Mǎ/d to a total
capacity of 150Mǎ/d.

Neither the progress of interventions as recommended by the 2012 Reconciliation Strategy for
implementation by MMM or VCWB, nor additional planned upgrades on the MMM distribution network,
was made available to the study team.

A written request to share planning information, including draft documents, was submitted to MMM and
VCWB. At the time of drafting the report, no response has been received from either party.
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3 Water Demand and Resource Analysis

3.1 Water Demand Analysis

3.1.1 Greater Bloemfontein Water Supply System

The GBWSS supplies the majority of the potable water demand of Bloemfontein, Thaba Nchu and
Botshabelo, as well as the small towns of Wepener, Dewetsdorp, Reddersburg, Edenburg and Excelsior.
Most of the small towns use their own groundwater resources in combination with surface water support
from the GBWSS. The small towns currently make up approximately 4% of the water demand of the
GBWSS. VCWB is the main supplier of bulk potable water, and MMM supplies the remainder of
Bloemfontein’s water demands via the Maselspoort Scheme.

The Xhariep Pipeline has the potential to supply several small towns along the pipeline route. These
small towns include Gariep, Springfontein, Trompsburg and Bethanie. In addition, and subject to their
current security of supply, it might also be possible to supply other towns that are located further away
from the pipeline such as Colesberg, Bethulie, Philippolis, Jagersfontein and Fauresmith. Figure 3-1
shows the location of these towns relative to the proposed bulk water infrastructure for Scheme 1B
(discussed in Section 7.5).

To determine the yield to be transferred from Gariep Dam, it was necessary to review the water demands
for the GBWSS and to update the demand projections until the year 2050. The following approach was
followed with respect to the demand projections:

Ʒ A review was undertaken of demand projections presented in previous studies,
Ʒ A review of the historical growth in water demand was undertaken to compare projected growth

against actual growth in demand,
Ʒ Future demand projections per town were calculated based on the latest available population

data and taking cognisance of anticipated improvements in the level of service over time,
Ʒ The demand projections from the previous studies were compared with the calculated demand

projections, and,
Ʒ The impact of including towns located within 50km from the Xhariep Pipeline infrastructure, as

shown in Figure 3-1, was evaluated.

3.1.2 Demand Projections from Previous Studies

Previous studies considered future water demand up to the year 2035. The objective of this task was to
review the water demand requirements and to extend the forecast to the year 2050. There are various
water demand projections available for the GBWSS.

The following previous studies were used as reference information:

Ʒ Water Reconciliation Strategy Study for the Large Bulk Water Supply Systems: Greater
Bloemfontein Area completed in June 2012 (2012 Reconciliation Strategy), commissioned by
DWS,

Ʒ Assessment of Potential Bulk Water Supply Schemes, where a draft report was completed in
March 2015, and Gariep Dam to Bloemfontein Bulk Water Augmentation Scheme: Technical
Feasibility Study completed in May 2015 (2015 Technical Feasibility Study), commissioned by
MMM,

Ʒ Mangaung Gariep Water Augmentation Project: Scenario Analyses Greater Bloemfontein
completed in August 2018 (2018 Scenario Analysis), commissioned by MMM. This study used
the demands from the 2015 Technical Feasibility Study, and,
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Ʒ The 2022/23 Annual Operating Analyses (AOA) where projections were based on the 2018
Mangaung Study (2022/23 AOA).

Figure 3-1: Towns and villages located close to proposed Scheme 1B bulk infrastructure

3.1.2.1 2012 Reconciliation Strategy

The 2012 Reconciliation Strategy made the following assumptions for the development of future water
demands scenarios from the GBWSS using a 2035 planning horizon:

Ʒ High growth water demand scenario will take place on account of high population growth rate
and high economic growth rate. A 3% growth rate per annum was assumed as the basis for this
scenario.

Ʒ Low growth water demand scenario will take place on account of low population growth rate and
low economic growth rate. A 1% growth rate per annum was assumed as the basis for this
scenario.

The 2012 Reconciliation Strategy used 12% bulk conveyance losses to determine the gross average
annual daily demand (GAADD). The future water demand projections for this study can be seen in Figure
3-2.
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Figure 3-2: Water demand scenarios from the 2012 Reconciliation Strategy

3.1.2.2 2015 Technical Feasibility Study

The 2015 Technical Feasibility Study adopted 2035 as a design horizon and two water demand growth
scenarios were considered, namely:

Ʒ A 1% growth scenario; and,
Ʒ A 2% growth scenario.

The demand projections assumed extensive implementation of water conservation and water demand
management (WC/WDM) measures and expected water demands to exceed the 2% growth rate if these
measures were not implemented. The impact of new housing developments, the ventilated improved pit
toilet eradication programme and water re-use was considered as part of the demand forecasts.

It is uncertain what percentage was used for the bulk conveyance losses since different losses are
reported in the draft Assessment of Potential Bulk Water Supply Schemes Report completed in March
2015 and in the Technical Feasibility Study completed in May 2015. It was assumed that a 3% loss was
used as stated in the 2015 Technical Feasibility Study. The future water demand projections for this
study are shown in Figure 3-3.
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Figure 3-3: Water demand scenarios from 2015 Technical Feasibility Study

3.1.2.3 2018 Scenario Analysis Study

The 2015 Technical Feasibility Study demand projections were used for the purpose of this study. These
demands were subsequently used in the 2022/23 Annual Operating Analysis Study (DWS, 2022) and
are shown in Table 3-1.

Table 3-1: GBWSS potable water demands for 2023, 2035 and 2050 (DWS, 2022)

Demand centre
2023 2035 2050

Mil m3/a Mǎ/d m3/s Mil m3/a Mǎ/d m3/s Mil m3/a Mǎ/d m3/s

Bloemfontein 71.86 196.74 2.277 88.08 241.16 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

3.1.2.4 2022/23 Annual Operating Analysis

The 2022/23 AOA based its projections on the 2018 Mangaung Study (refer to Table 3-1).

3.1.3 Historic Water Demands

Data for actual water use by the MMM was extracted from previous studies discussed above and more
recent data was obtained from the 2022/23 Annual Operating Analysis undertaken by WRP Consulting.
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Historic data included water purchased by MMM from VCWB and water supplied from the Maselspoort
system. The following historic data was captured:

Ʒ Average annual daily demands (AADD) for Bloemfontein, Botshabelo, Thaba Nchu and
Dewetsdorp was available from 1997 to 2013,

Ʒ AADD for all the individual small towns, were only available for the years 2006 to 2011, and
Ʒ Total AADD data for the years 2010 to 2023 was available.

Figure 3-4 shows the GAADD for the years 2006 to 2023. The drop in demand during 2010 and 2011
was likely due to the significant summer rains experienced in 2011. From 2014 onwards restrictions
were applied, which explains the drop in demand after 2014.

Figure 3-4: Total historic water demands

Figure 3-5, Figure 3-6 and Figure 3-7, shows the GAADD for Bloemfontein, Botshabelo and Thaba
Nchu, and for the Small Towns, respectively, based on the historic data.

GAADD potable demand data was available for Bloemfontein for 16 years. A trendline was plotted to
determine the average water demand growth rate. It was found to have an average demand growth rate
of 1.81%. It was reported in the 2012 Reconciliation Strategy that 2010 and 2011 were significant wet
years and therefore lower water demands were experienced. If 2010 and 2011 water demands were
excluded and the average water demand growth rate calculated, a 1.88% growth rate was found.
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Figure 3-5: Bloemfontein historic water demands (including 2010 and 2011 demands)

GAADD potable demand data for Botshabelo and Thaba Nchu was available for 16 years. A trendline
was plotted to determine the average water demand growth rate. The towns were found to have an
average demand growth rate of 2.34%.

Figure 3-6: Botshabelo and Thaba Nchu historic water demands

GAADD potable demand data for the Small Towns were only available for 6 years. This period was
considered too short to reach any meaningful conclusion on the actual growth in water demand.
Notwithstanding, a trendline was plotted to determine the average water demand growth rate. It was
found to have an average demand growth rate of 1.52%. It should, however, be noted that the potable
demands declined from 2008 to 2011.
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Figure 3-7: Small towns historic water demands

3.1.4 Future Water Demands

This study based the projections of the future water demands on the following factors:

Ʒ Population growth, and,
Ʒ Level of service.

In 2014 water restrictions were applied to the MMM and therefore total water demands dropped. For
this reason, the future water demand projections for this study used 2014 as a base year. Historic
demands were provided as average annual demands (AAD). The average annual daily demands
(AADD) were calculated from the AAD, whereafter a 10% bulk conveyance loss was applied to the
AADD to determine the GAADD. In cases where the 2014 demands were not available for a specific
town, the baseline was calculated as a portion of the total demand observed for the study area in 2014,
based on water demand records from previous years. The 2014 base water demands are reflected in
Table 3-2.

Table 3-2: 2014 Base water demands

2014 AAD (Mǎ/a) AADD (Mǎ/d) GAADD (Mǎ/d)

Bloemfontein 67678 185.42 203.96
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3.1.4.1 Population Growth

Population growth is one of the main drivers for predicting future water demands. Various sources were
consulted to determine the population growth rate and it was found that these sources vary greatly in
their predictions. Some if the sources consulted are listed below:

Ʒ District Municipality (DM) Integrated Development Plan (IDP),
Ʒ Statistics South Africa (Stats SA),
Ʒ United Nations World Population Prospects,
Ʒ The 2012 Reconciliation Strategy, and,
Ʒ The 2015 Technical Feasibility Study.

The population Census data published by Stats SA, was used as the main population data source, the
reason being that Stats SA produces accurate and official data and it therefore remains a credible
source. At the time of writing this report, the 2022 Census data was not available at a lower sub-place
level. However, population counts were provided for the relevant district municipalities. The demand
centres concerned all fell within the following district and metropolitan municipalities:

Ʒ Mangaung Metropolitan Municipality,
Ʒ Thabo Mofutsanyana DM, and,
Ʒ Xhariep DM.

The demand centres, concerned with this study, that fall within the MMM, are Bloemfontein, Botshabelo
and Thaba Nchu. The population for MMM, for the years where a census or community survey was
conducted, is reflected in Table 3-3. Since the population data for Bloemfontein, Botshabelo and Thaba
Nchu was not available for 2022, historical distributions were used to determine the respective
populations for 2022. In 2022, Bloemfontein represented approximately 65.08% of the population,
Botshabelo 23.93% and Thaba Nchu 9.15%.

Table 3-3: MMM Population

Population 1996 2001 2011 2016 2022

MMM 630,784 675,281 747,431 787,803 811,431

Bloemfontein 329,733 352,993 465,447 496,316 519,316

Botshabelo 164,234 175,819 181,712 189,073 197,271

Thaba Nchu 62,836 67,269 70,118 70,902 76,122

To determine the population growth for the respective MMM demand centres, the population count
indicated in Table 3-3, was plotted graphically and a trendline drawn as shown in Figure 3-8. The
corresponding population growth rate, as shown in Table 3-4, was calculated using the linear trend
equation.

The Small Towns of Wepener, Dewetsdorp, Reddersburg and Edenburg, are located within the Xhariep
DM with the exception of Excelsior which falls within Thabo Mofutsanyana DM. Very limited population
data was found for these individual towns and therefore the DM population counts were considered and
applied. The population according to Census 2011, 2016 and 2022 conducted by Stats SA, for Xhariep
and Thabo Mofutsanyana DM is illustrated in Figure 3-9. The corresponding population growth rates are
reflected in Table 3-4.
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Figure 3-8: MMM Population
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Figure 3-9: Xhariep and Thabo Mofutsanyana DM
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Table 3-4 shows a comparison between the expected population growth rate and the historic growth in
water demand.

Table 3-4: Population growth rates

Demand Centre Population Growth Rate (% per
annum)

Historic Growth in Water
Demand (% per annum)

Bloemfontein 1.56% 1.81%

Botshabelo 0.59% 2.34%

Thaba Nchu 0.59% 2.34%

Excelsior 1.12% 1.52%

Wepener, Dewetsdorp,
Reddersberg and Edenburg 0.72% 1.52%

It is clear from Table 3-4 that the historic growth of water demands was higher than the relatively low
expected population growth rate. The water demands calculated using the population growth rate in this
study were compared against the water demands calculated based on the historic water demand growth
rate in Section 3.1.7.

The representative populations for 2011, 2023, 2035 and 2050 is summarised in Table 3-5 and
illustrated in Figure 3-10 and Figure 3-11.

Table 3-5: Population projections for each demand centre

Population for each
Demand Centre

Annual
Growth Rate 2011 2023 2035 2050

Bloemfontein 1.56% 465,447 560,530 675,038 851,607

Botshabelo 0.59% 181,712 195,106 209,487 228,964

Thaba Nchu 0.59% 70,118 75,278 80,818 88,320

Excelsior 1.12% 6,339 7,244 8,278 9,781

Wepener 0.72% 9,553 10,407 11,337 12,618

Dewetsdorp 0.72% 9,498 10,347 11,272 12,545

Reddersburg 0.72% 4,886 5,323 5,799 6,454

Edenburg 0.72% 6,460 7,037 7,667 8,532

Total 754,013 871,272 1,009,696 1,218,821

Figure 3-10: Population projection for each major demand centre
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Figure 3-11: Population projection for each small town
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Ʒ Determine the average domestic water consumption based on the LOS scenario chosen,
Ʒ Calculate the increase in water demand consumption when LOS increase is considered, and
Ʒ Assume the LOS will be implemented gradually from 2023 to 2050 and determine the additional

water consumption to be applied.

The typical information regarding access to water per household that Stats SA gathers includes:

Ʒ Piped (tap) water inside dwelling/institution,
Ʒ Piped (tap) water inside yard,
Ʒ Piped (tap) water on community stand: distance less than 200 m from dwelling/institution,
Ʒ Piped (tap) water on community stand: distance between 200 m and 500 m from

dwelling/institution,
Ʒ Piped (tap) water on community stand: distance between 500 m and 1000 m (1 km) from

dwelling /institution,
Ʒ Piped (tap) water on community stand: distance greater than 1000 m (1 km) from

dwelling/institution, and
Ʒ No access to piped (tap) water.
Ʒ The types of water supply considered above were grouped into the following:

¶ House connection,
¶ Yard connection,
¶ Communal standpipe, and,
¶ No water supply.

The following change in LOS scenario was considered:

Ʒ LOS: By 2050 all households would have piped (tap) water inside dwelling/institution.

According to the Stats SA 2011 census data, a total of 54% (i.e. 42% + 10% + 2%) of households in the
major demand centres and small towns mentioned above, did not have access to piped (tap) water
inside dwelling/institution, as shown in Figure 3-12.

Figure 3-12: Access to Water (Census, 2011)

A breakdown of “access to water” for each type of water supply for the major demand centres and small
towns is shown in Table 3-6.
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Table 3-6: Access to water

Bloemfontein /
Mangaung Botshabelo Thaba Nchu Excelsior Wepener Dewetsdorp Reddersburg Edenburg

Annual Population Growth Rate 1.56% 0.59% 0.59% 1.12% 0.72% 0.72% 0.72% 0.72%

Household average size 3.11 3.05 3.59 3.22 3.49 3.06 3.29 3.32

Number of Households: Access to Water (2011)

House connection 83,273 13,999 6,537 358 891 830 732 801

Yard Connection 44,916 32,847 12,770 1,454 2,214 1,932 687 1,165

Communal Standpipe 18,633 2,808 1,834 6 11 22 26 8

No Water 3,058 938 650 0 10 104 27 8

Total Households 149,880 50,592 21,791 1,818 3,126 2,888 1,472 1,982

Population: Access to Water (2014)

House connection 270,902 45,541 21,266 1,165 2,899 2,700 2,381 2,606

Yard Connection 146,120 106,857 41,543 4,730 7,203 6,285 2,235 3,790

Communal Standpipe 60,617 9,135 5,966 20 36 72 85 26

No Water 99,48 3,051 2115 0 33 338 88 26

Total Population 487,587 164,585 70,890 5,914 10,169 9,395 4,789 6,448

Percentage Population: Access to Water (2014)

House connection 55.6% 27.7% 30.0% 19.7% 28.5% 28.7% 49.7% 40.4%

Yard Connection 30.0% 64.9% 58.6% 80.0% 70.8% 66.9% 46.7% 58.8%

Communal Standpipe 12.4% 5.6% 8.4% 0.3% 0.4% 0.8% 1.8% 0.4%

No Water 2.0% 1.9% 3.0% 0.0% 0.3% 3.6% 1.8% 0.4%
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Historic AADD data from 2014 was used to determine the water demand consumption for each major
demand centre and small town as discussed in Section 3.1.4 above.

The water demand consumption, shown in Table 3-7, includes domestic, commercial, industrial,
unaccounted for water and other demands. Domestic water is the demand that will be driven by
population growth and the change in LOS. The focus of this study was therefore on the domestic
demand.

Table 3-7: Historic water consumption per capita, 2014

2014 Population AAD (Mǎ/a) Per capita consumption (l/c/d)

Bloemfontein 487,587 67678 380.28

Botshabelo 164,585 10970 162.48

Thaba Nchu 70,890 7380 283.29

Excelsior 5,914 160 241.73

Wepener 10,153 835 234.37

Dewetsdorp 9,395 969 273.52

Reddersburg 4,616 930 510.38

Edenburg 6,396 582 241.73

A cross checking exercise compared the domestic demands assumed from historic data and the typical
domestic water demand consumption calculated according to the Red Book criteria (The Department of
Human Settlements, 2019). The Department of Human Settlements developed water consumption
estimates per capita which can be used to calculate total water demands with reliable population
estimates. Using the criteria as per Figure 3-13, the total domestic water demand was determined by
applying the water consumption per category with the respective population per category. Table 3-8
shows the average domestic water consumption per capita calculated.

Figure 3-13: Typical water consumption per capita (The Department of Human Settlements, 2019)
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Table 3-8: Domestic water consumption (2014) based on Red Book guidelines

Town Mǎ/d l/c/d

Bloemfontein / Mangaung 74.67 160.42

Botshabelo 136.62 90.06

Thaba Nchu 75.11 121.88

Excelsior 74.70 86.06

Wepener 77.16 125.82

Dewetsdorp 142.75 101.11

Reddersburg 162.39 148.95

Edenburg 218.48 135.89

The domestic water demands shown in Table 3-8 reflects the current LOS. To determine the impact on
water demands due to a change in LOS, where all households will have a house connection by 2050,
two approaches can be considered, namely:

Ʒ Apply the per increased capita demands as per the Red Book guidelines, or,
Ʒ Use the DWS guideline where per capita consumption is linked to income categories.

In the Universal Access Plan for Water Services Phase 2 Report (Umgeni Water, 2016), DWS defined
the per capita consumption for the different income categories as shown is Table 3-9. The annual
household income range for each demand centre as per the Census 2011 is reflected in Table 3-10.

Table 3-9: Water demand consumption per capita based on income

Category Description of consumer category Household Annual
Income Range

Average per capita
consumption

(l/c/d)

1 Very high income: villas, large, detached
house, large luxury flats >R1,228,000 410

2 Upper middle income: detached houses,
large flats R153,601 – R1,228,000 295

3
Average middle income: 2-3 bedroom
houses or flats with 1 or 2 WC, kitchen
and one bathroom, shower

R38,401 – R153,600 228

4 Low middle income: Small houses or flats
with WC, one kitchen, one bathroom R9,601 – R38,400 170

5 Low income: flatlets, bedsits with kitchen
and bathroom, informal household R0 – R9,600 100

The per capita consumption shown in Table 3-9 was applied to the corresponding income category
reflected in Table 3-10. The distributions for the households per income category were calculated and
corresponding average water demand consumption determined, as shown in Table 3-10.
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Table 3-10: Average per capita domestic consumption

Income categories
Per capita
consum.

(l/c/d)

Number of households (2014)

Bloemfontein Botshabelo Thaba Nchu Excelsior Wepener Dewetsdorp Reddersburg Edenburg

No income 100 7,791 6,382 2,809 15 107 4 17 31

R 1 - R 4800 100 2,256 3,827 1,337 10 22 201 0 20

R 4801 - R 9600 100 3,652 5,263 1,941 3 23 296 0 30

R 9601 - R 19 600 170 9,076 11,029 4,688 33 86 667 16 75

R 19 601 - R 38 200 170 11,857 12,694 4,896 32 48 725 33 92

R 38 201 - R 76 400 228 10,167 6,812 2,892 31 43 316 45 58

R 76 401 - R 153 800 228 10,842 2,987 1,786 25 44 194 45 9

R 153 801 - R 307 600 295 12,133 1,191 977 28 37 123 28 6

R 307 601 - R 614 400 295 9,270 381 380 12 28 34 12 5

R 614 001 - R 1 228 800 295 3,259 61 64 0 3 9 7 9

R 614 001 - R 1 228 800 295 3,259 61 64 0 3 9 7 9

R 1 228 801 - R 2 457 600 410 756 35 41 0 3 11 0 0

R 2 457 601 or more 410 637 30 27 3 0 8 0 3

Unspecified 0 10 0 0 0 0 0 0 0

Total households 81,706 50692 21836 193 445 2898 203 429

Average annual income R188,144.57 R38,552.40 R54,961.11 R131,291.19 R89,771.74 R57,394.74 R133,600.94 R108,139.81

Average per capita consumption l/c/d 216.04 164.18 171.80 206.50 178.17 169.38 218.79 193.38
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Table 3-11 provides a comparison of the per capita consumption calculated with the two methods when
assuming that every household will have a house connection by 2050.

Table 3-11: Per capita consumption based on Red Book and DWS guidelines for changed LOS

Town

Per capita
consumption

incl. LOS
(DWS)

Total demand
(DWS)

Per capita
consumption

incl. LOS
(Red Book)

Total demand
(Red Book)

l/c/d Mǎ/d l/c/d Mǎ/d

Bloemfontein / Mangaung 216.04 147.31 198.46 141.85

Botshabelo 164.18 21.13 146.86 19.68

Thaba Nchu 171.80 11.65 178.34 11.87

Excelsior 204.37 0.69 146.39 0.48

Wepener 176.97 1.43 179.70 1.44

Dewetsdorp 169.44 1.69 156.51 1.63

Reddersburg 216.66 1.49 188.06 1.41

Edenburg 193.83 1.01 180.90 0.97

Total demand (mil m3/a) - 186.40 - 179.33

Total demand (Mǎ/d) - 510.70 - 491.30

It is evident from Table 3-11 that both methods present similar water demands in 2050, with the DWS
method producing slightly higher water demands in 2050 compared to the Red Book method. Adopting
a more conservative approach because projections are up to 2050, it was proposed that the calculated
increase in water demand due to the change in LOS be based on the DWS guidelines – i.e. linked to
the household incomes.

The difference an increase in the LOS had on the per capita consumption is shown in Table 3-12. It was
assumed that the LOS increase will gradually be implemented as this is a more realistic approach, which
will result in an incremental increase in demand from 2023 to 2050. Therefore, by 2050 all households
were assumed to have a house connection for access to water. Figure 3-14 provides a graphical
interpretation of the additional water demand applied to the base water demand.

Table 3-12: Per capita consumption increase for LOS

Town

Per capita
consumption

incl. LOS (DWS
Guideline)

Per capita
consumption

(historic)
Difference

Difference per
year (2023 to

2050)

l/c/d l/c/d l/c/d l/c/d

Bloemfontein / Mangaung 216.04 160.42 55.62 2.06

Botshabelo 164.18 90.06 74.12 2.75

Thaba Nchu 171.80 121.88 49.92 1.85

Excelsior 204.37 86.06 118.31 4.46

Wepener 176.97 125.82 51.15 1.94

Dewetsdorp 169.44 101.11 68.33 2.53

Reddersburg 216.66 148.95 67.71 2.59

Edenburg 193.83 135.90 57.93 2.13
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Figure 3-14: Additional LOS per capita consumption applied from 2023 to 2050

3.1.5 Future Water Demand Scenarios

The drivers contributing to the water demand projections, discussed above, were used to determine
which future water demands scenarios to consider. The identified scenarios are shown in
Table 3-13.

Table 3-13: Future water demand projection scenarios

Scenario Population Growth Change in level of service LOS

Scenario 1 x

Scenario 2 x x

The base year used for projections was 2014 as this was prior to water restrictions being implemented.
Historic AADD data and the population data for 2014 was used to determine the water consumption
requirement for each of the demand centres. A 10% bulk conveyance loss was applied to determine the
GAADD.

The water consumption for Scenario 1 used the base per capita demand and Scenario 2 used the base
per capita demand from year 2014 to 2023 and from 2024 to 2050 an additional LOS demand is
incrementally applied each year. The 2014 base data applied for each scenario is compiled in Table
3-14.
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Table 3-14: 2014 Base water demand data

Scenario 1 Bloemfontein Botshabelo Thaba Nchu Excelsior Wepener Dewetsdorp Reddersburg Edenburg

Annual Population Growth Rate 1.56% 0.59% 0.59% 1.12% 0.72% 0.72% 0.72% 0.72%

Population (2014) 487,587 184,972 71,374 6,554 9,760 9,703 4,992 6,600

Water Consumption (l/c/d) 380.28 162.48 283.29 67.04 234.37 273.52 510.38 241.73

Water Consumption incl. 10% losses
(l/c/d) 418.31 178.73 311.61 73.75 257.81 300.88 561.42 265.90

Scenario 2 Bloemfontein Botshabelo Thaba Nchu Excelsior Wepener Dewetsdorp Reddersburg Edenburg

Annual Population Growth Rate 1.56% 0.59% 0.59% 1.12% 0.72% 0.72% 0.72% 0.72%

Population (2014) 487,587 184,972 7,1374 6,554 9,760 9,703 4,992 6,600

Water Consumption – AADD (l/c/d) 380.28 162.48 283.29 67.04 234.37 273.52 510.38 241.73

Water Consumption incl. 10% losses -
GAADD (l/c/d) 418.31 178.73 311.61 73.75 257.81 300.88 561.42 265.90

LOS water consumption yearly
increase, only from 2024 (l/c/d) 2.06 2.75 1.85 4.46 1.94 2.53 2.59 2.13
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3.1.6 Future Water demand Projections

Applying the above-mentioned growth scenarios to the base water demand in 2014 (refer to Table 3-14),
water demand projections were determined based on population growth and change in level of service
for each demand centre within the GBWSS. The small towns were grouped so that the demand
projections are presented for the following towns/areas:

Ʒ Bloemfontein (largest town)
Ʒ Botshabelo & Thaba Nchu (medium-large towns)
Ʒ Other Small Towns

3.1.6.1 Bloemfontein

Figure 3-15 displays the historical and projected water demands for Bloemfontein. Scenario 1, where
the water demand was projected based only on population growth, calculated a water demand of
approximately 130 million m3/a in 2050. Scenario 2 included both population growth and an increase in
the LOS and projected a demand of 147 million m3/a in 2050.

Figure 3-15: Water demand Projections for Bloemfontein

It is evident from Figure 3-15 that:

Ʒ Investing in water service delivery increased future demands by approximately 10%, and,
Ʒ The projected water demands increased at roughly the same rate as the historic water

demands.

3.1.6.2 Botshabelo

The projected water demands for Botshabelo are shown in Figure 3-16. The demands for Scenarios 1
and 2 were projected to reach approximately 15 million m3/a and 21 million m3/a by 2050, respectively.
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Figure 3-16: Water demand Projections for Botshabelo

It is evident from Figure 3-16 that:

Ʒ Increasing the LOS increased the water demand by approximately 40% in 2050, and,
Ʒ The projected water demands grew at a lower rate compared to the historic growth in water

demand.

3.1.6.3 Thaba Nchu

The projected water demands for Thaba Nchu are shown in Figure 3-17. The demands for Scenarios 1
and 2 were projected to reach approximately 10 million m3/a and 12 million m3/a by 2050, respectively.

Figure 3-17: Water demand Projections for Thaba Nchu
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It is evident from Figure 3-17 that:

Ʒ Increasing the LOS increased the water demand by approximately 40% in 2050, and,
Ʒ The projected water demands grew at a lower rate compared to the historic growth in water

demand.

3.1.6.4 Small Towns

The combined projected water demands for the small towns of Excelsior, Wepener, Dewetsdorp,
Reddersburg and Edenburg are shown in Figure 3-18. The demands for Scenarios 1 and 2 were
projected to reach approximately 5 million m3/a and 6 million m3/a by 2050, respectively. It was also
evident that the increase in LOS increased the water demand by approximately 27% by 2050.

Figure 3-18: Water demand Projections for Small Towns

3.1.6.5 Total Demands

Figure 3-19 displays the historical and projected water demands for the complete study area. Key
demand figures have been summarised in Table 3-15 for all the scenarios. Scenario 1, where population
growth was used to project the water demands to 2050, resulted in a water demand of 160 million m3/a.
When the LOS was incrementally increased from 2023 to 2050, the impact was an additional 26 million
m3/a, equating to 186 million m3/a.
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Figure 3-19: Total Water demand Projections for the Study Area

159.99

186.40

50

70

90

110

130

150

170

190

210

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

G
A

A
D

D
 (

m
ill

io
n 

m
3/

a)

Year

Total

Observed data Observed data Scenario 1 Scenario 2



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 3-25

Table 3-15: Future Water demands for Scenario 1 and 2

Water Demand (million m3/a)

Scenario 1 2014 2023 2035 2040 2050

Bloemfontein 74.45 85.58 103.07 111.37 130.03

Botshabelo 12.07 12.73 13.67 14.08 14.94

Thaba Nchu 8.12 8.56 9.19 9.47 10.05

Excelsior 0.18 0.19 0.22 0.24 0.26

Wepener 0.92 0.98 1.07 1.11 1.19

Dewetsdorp 1.07 1.14 1.24 1.28 1.38

Reddersburg 1.02 1.09 1.19 1.23 1.32

Edenburg 0.64 0.68 0.74 0.77 0.83

Total million m3/a 98.45 110.96 130.38 139.54 159.99

Total Mǎ/d 269.74 303.99 357.22 382.30 438.32

Scenario 2 2014 2023 2035 2040 2050

Bloemfontein 74.45 85.58 109.16 120.69 147.31

Botshabelo 12.07 12.73 16.19 17.75 21.13

Thaba Nchu 8.12 8.56 9.85 10.42 11.65

Excelsior 0.18 0.19 0.38 0.48 0.69

Wepener 0.92 0.98 1.16 1.25 1.43

Dewetsdorp 1.07 1.14 1.36 1.47 1.69

Reddersburg 1.02 1.09 1.25 1.33 1.49

Edenburg 0.64 0.68 0.82 0.88 1.01

Total million m3/a 98.45 110.96 140.05 154.07 186.06

Total Mǎ/d 269.74 303.99 383.69 422.12 509.75

Given that the LOS will increase in future, it is proposed that Scenario 2 be adopted for the projected
water demands. These projected demands shall be compared to water demands determined in previous
studies in Section 3.1.7.

3.1.7 Comparison of Projections to Previous Studies

Several previous studies were complete by the time this study commenced. The following future water
demand projections are compared in this section:

Ʒ 2012 Reconciliation Strategy,
Ʒ 2015 Technical Feasibility Study,
Ʒ 2018 Mangaung Study,
Ʒ 2022 / 2023 AOA,
Ʒ Observed Projected water demands, and
Ʒ Scenario 2 water demands.

To compare the various water demand growth predictions, Scenario 2’s projected demands from this
study have been plotted alongside the following demands:

Ʒ Water demands projected in the previous studies,
Ʒ “Observed Projected” which refers to the historic water demands growth rate used to project

water demands into the future.
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These comparisons are graphically shown for Bloemfontein (Figure 3-20), Botshabelo and Thaba Nchu
(Figure 3-21), Small Towns (Figure 3-22) and a Total of all the water demands combined (Figure 3-23),
respectively. The resulted are also displayed in Table 3-16, Table 3-17, Table 3-18, and Table 3-19.

Table 3-16: Bloemfontein water demand comparison

Source
2023 2035 2050 Average %

Increasemil m3/a Mǎ/d mil m3/a Mǎ/d mil m3/a Mǎ/d

Observed Projected 91.46 250.58 113.15 309.99 140.25 384.25 1.60%

Scenario 2 85.58 234.47 109.16 299.06 147.31 403.60 2.03%

2012 Reconciliation
Strategy 117.73 322.55 169.82 465.26 268.45 735.49 3.10%

2015 Technical
Feasibility Study 85.96 235.52 109.02 298.69 146.73 402.00 2.00%

2018 Mangaung
Study 71.81 196.74 88.02 241.16 111.40 305.21 1.64%

2022/23 AOA 71.81 196.74 88.02 241.16 109.83 300.89 1.59%

The annual average water demand growth rate for Bloemfontein varied from 1.59% to 3.10%.
Scenario 2, 2022/23 AOA and the 2018 Mangaung Study had an average water demand growth rate
between 1.59% and 1.64%. The 2015 Technical Feasibility Study averaged 2.0% and the 2012
Reconciliation Strategy chose a conservative growth rate of 3.1% to project the water demands although
the 3% was considered the upper limit with 2% considered an “average” growth scenario.

The previous studies’ information around the percentage bulk conveyance loss applied to the AADD is
vague and therefore this uncertainty potentially plays a role in the different water demands projected.
This study used 10% losses, the 2012 Reconciliation Strategy used 12% and it is believed the other
studies used 3%, however this was not entirely clear from the previous reports and clarity was not
received on this matter when requested from MMM.

The 2015 Technical Feasibility Study and this study (Scenario 2) reported similar demand projections,
for 2050, in the range of 147 million m3/a. The 2012 Reconciliation Strategy assumed a much higher
growth rate of 3.1% and therefore projects a demand of 268 million m3/a. The 2018 Mangaung Study
and the 2022/23 AOA reported slightly lower demands of 111 million m3/a and 110 million m3/a
respectively. The Observed Projected water demands reported 140 million m3/a in 2050.
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Figure 3-20: Bloemfontein future water demand requirements comparison with Scenario 2
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Table 3-17: Botshabelo and Thaba Nchu water demand comparison

Source
2023 2035 2050 Average

%
Increasemil m3/a Mǎ/d mil m3/a Mǎ/d mil m3/a Mǎ/d

Observed Projected 25.19 69.01 33.01 90.44 42.78 117.22 1.98%

Scenario 2 21.29 58.33 26.03 71.32 32.79 89.82 1.61%

2012 Reconciliation
Strategy 10.95 30.01 11.17 30.61 11.45 31.38 0.17%

2015 Technical
Feasibility Study 27.55 75.48 34.94 95.73 47.03 128.84 2.00%

2018 Mangaung Study 38.51 105.49 47.41 129.88 62.06 170.04 1.78%

2022/23 AOA 32.28 88.44 46.03 126.10 68.90 188.78 2.85%

Botshabelo and Thaba Nchu’s demand projections varied substantially depending on the assumptions
that were made for the chosen growth rates. It was found that even though the population growth rates
for these two towns were low (approximately 0.59%), previous studies reported very high water demand
growth rates. These growth rates varied from 0.17% to 2.85% when looking at the years 2023 to 2050.

The 2012 Reconciliation Strategy assumed a much lower population growth rate and therefore projects
a demand of 11 million m3/a. Scenario 2 reported a water demand of 33 million m3/a, while the 2015
Technical Feasibility Study projected a water demand of 47 million m3/a. The 2018 Mangaung Study
and the 2022/23 AOA reported much higher demands ranging from 62 million m3/a to 69 million m3/a.
The population growth rates for these two towns do not support the very high future water demands
represented in the 2018 Mangaung and 2022/23 AOA.

However, it has been visually observed that informal settlements in these two towns are growing at a
rapid pace. Previous studies raised the point that the non-revenue water has been very high and
continues to grow. When the historic water demand growth rate was projected into the future, the water
demand in 2050 was found to be 42 million m3/a.

Table 3-18: Small Towns water demand comparison

Source
2023 2035 2050 Average %

Increasemil m3/a Mǎ/d mil m3/a Mǎ/d mil m3/a Mǎ/d

Observed Projected 4.35 11.93 5.22 14.29 6.30 17.25 1.38%

Scenario 2 4.08 11.19 4.97 13.63 6.29 17.23 1.61%

2012 Reconciliation Strategy 5.24 14.35 5.79 15.86 6.58 18.02 0.85%

2015 Technical Feasibility Study 2.27 6.23 2.88 7.90 3.88 10.63 2.00%

2018 Mangaung Study 4.39 12.03 5.21 14.27 6.39 17.51 1.40%

2022/23 AOA 4.39 12.02 5.20 14.25 6.43 17.62 1.43%

The Small Towns demand projections varied depending on the assumptions that were made for the
chosen growth rates. The average water demand growth rates varied from 0.85% to 2% for 2023 to
2050. Very little historic water demand data was available for the individual Small Towns. All studies,
except for the 2015 Technical Feasibility Study, derived a water demand in 2050 of approximately
6 million m3/a. The 2015 Tech Feasibility Study reported a demand of 3.88 million m3/a which was much
lower than any of the other projections.
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Figure 3-21: Botshabelo and Thaba Nchu Future Water Demand Requirements comparison with Scenario 2
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Figure 3-22: Small Towns Future Water Demand Requirements comparison with Scenario 2
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Table 3-19: Total comparison results

Source
2023 2035 2050 Average

%
Increasemil m3/a Mǎ/d mil m3/a Mǎ/d mil m3/a Mǎ/d

Observed Projected 118.21 323.86 145.55 398.78 179.74 492.42 1.56%

Scenario 2 110.96 303.99 140.17 384.02 186.40 510.70 1.94%

2012 Reconciliation Strategy 133.92 366.91 186.78 511.74 286.49 784.89 2.86%

2015 Technical Feasibility Study 115.79 317.23 146.85 402.33 197.64 541.48 2.00%

2018 Mangaung Study 114.71 314.26 139.35 381.78 179.86 492.76 1.68%

2022/23 AOA 108.48 297.20 139.25 381.51 185.16 507.29 2.00%

For the total water demands for all the demand centres, the Observed Projected water demands were
calculated by determining the linear historic water demand growth rate and using that rate to project into
the future. The 2018 Mangaung Study and the Observed Projected water demands were both similar
and reached 180 million m3/a by 2050. The 2022/23 AOA predicted a slightly higher water demand of
185 million m3/a by 2050, like that of Scenario 2, which predicted a water demand of 186 million m3/a.

The 2015 Technical Feasibility Study predicted a water demand of 198 million m3/a by 2050. Due to the
conservative approach taken in the 2012 Reconciliation Strategy and the higher water demand growth
rate that was used, a water demand of 286 million m3/a was calculated.

In summary, all studies with the exception of the 2012 Reconciliation Strategy, reported a range for the
year 2050 between 179 million m3/a to 197 million m3/a. The demands determined as part of Scenario 2
corresponded closely to demand projections from previous studies.

There was, however, some discrepancies noted between this study (Scenario 2) and previous studies
relating to the distribution of the water demands between the three largest demand centres (i.e.
Bloemfontein, Botshabelo and Thaba Nchu). This highlighted the importance of incorporating flexibility
into the proposed bulk water infrastructure to enable an increase or decrease in supply to the respective
demand centres. This is further discussed in Chapter 7.5 of the report.
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Figure 3-23: Total Future Water Demand Requirements comparison with Scenario 2
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3.1.8 Possible Future Intervention Options

There is potential to supply several small towns along the pipeline route as shown in Figure 3-1. These
towns were identified as Bethulie, Bethany, Colesberg, Fauresmith, Gariep, Jagersfontein, Philippolis,
Springfontein, and Trompsburg. Current water demand data was not readily available for these small
towns and all projections for future water demands were based on information provided in the
Development of a Reconciliation Strategy for All Towns in the Central Region (DWS, 2011), referred to
as the All Towns Study. A brief description of the small towns including the 2008 population and water
demands is contained in Table 3-20.

Table 3-20: Small Towns Data (2008)

Town Settlements Local Municipality
2008

Population AADD (M/d)

Bethulie Bethulie, Lephoi and
Cloetespark Kopanong Local Municipality 6610 4.62

Bethany Kopanong Local Municipality 1000 0.20

Colesburg
Colesberg, Kuyasa,
Lowryville, Towervallei and
Chris Hani

Umsombomvu Local
Municipality 11741 3.02

Fauresmith Fauresmith, Ipopeng and
Frayville Kopanong Local Municipality 3921 0.45

Gariep Dam Kopanong Local Municipality 1325 1.76

Jagersfontein Jagersfontein, Itumeleng and
Charlesville Kopanong Local Municipality 6630 2.03

Philippolis Philippolis, Poding-Tse-Rolo
and Bergmanshoogte Kopanong Local Municipality 3292 0.47

Springfontein of Springfontein,
Williamsville and Maphodi Kopanong Local Municipality 3703 1.95

Trompsburg Trompsburg, Noordville and
Madikgetla Kopanong Local Municipality 4040 1.62

3.1.8.1 Future Water demands

All the small towns fall under the Kopanong Local Municipality except for Colesberg which falls under
Umsombomvu Local Municipality. The future water demands were based on the population growth rates
as obtained from the 2011 population census data, the 2016 community population survey and the 2022
population census data for the two local municipalities. The population data and percentage annual
growth in population can be found in Table 3-21.

Table 3-21: Small Towns Population Growth

2011
Population

2016
Population

2022
Population

% Annual
Growth

Kopanong Local Municipality 49,171 49,999 51,832 0.48%

Umsombomvu Local
Municipality 28,376 30,883 29,555 0.37%

The litres per capita per day demands were calculated using the AADD data found in the All Towns
Study (DWS, 2011). A bulk conveyances loss of 10% was added to these demands to determine the
GAADD. This information is summarised in
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Table 3-22.
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Table 3-22: Small Towns Water Demand Data (2008)

Small Town AAD (Mǎ/a) AADD (Mǎ/d) AADD (l/c/d)
GAADD (l/c/d incl.

10% Bulk
Conveyance Losses)

Bethulie 1,684.84 4.62 698 768

Bethanie 73.00 0.20 200 220

Colesberg 1,102.30 3.02 257 283

Fauresmith 164.25 0.45 115 126

Gariep 640.58 1.76 1325 1457

Jagersfontein 739.49 2.03 306 336

Philippolis 171.92 0.47 143 157

Springfontein 163.89 0.45 121 133

Trompsberg 167.90 0.46 114 125

Using the information provided above the future water demands were projected to 2050. It should be
clarified that very little historic information on the water demands was found and therefore the confidence
rating in the demand projection is low. Table 3-23 shows the projections for each of the small towns up
to the year 2050.

Table 3-23: Future Water demand Projections

Water Demand GAADD (Mǎ/d)

2008 2023 2035 2050

Bethulie 5.08 5.46 5.78 6.21

Bethanie 0.22 0.24 0.25 0.27

Colesberg 3.32 4.99 5.22 5.51

Fauresmith 0.50 0.53 0.56 0.61

Gariep Dam 1.93 2.07 2.20 2.36

Jagersfontein 2.23 2.39 2.54 2.73

Philippolis 0.52 0.56 0.59 0.63

Springfontein 2.15 2.30 2.44 2.62

Trompsburg 1.78 1.91 2.03 2.18

Total Mǎ/d 17.72 20.46 21.60 23.12

Total million m3/a 6.47 7.47 7.88 8.44

The total projected demand of 186 million m3/a for the overall GBWSS excludes the water demands
shown in Table 3-23. These small towns have existing supplies that can satisfy their current water
demands. It might, however, become more financially viable in future to connect to the Xhariep Pipeline
infrastructure in which case provision for this increase in water demand must be made.

Excluding the town of Colesberg, the additional water demand by 2050 was calculated to be only 2.93
million m3/a or a 1.6% increase in the projected water demand of 186 million m3/a. Even with Colesberg
included, it still represented an increase in water demand of only 4.5%.

As part of the stochastic system analysis undertaken (Section 3.2.2.2.2), the level of assurance was
determined at which water demands of 186 million m3/a and 194 million m3/a can be supplied. It is further
proposed that provision be made in the infrastructure planning (e.g. footprint allowed for in the WTWs
to allow for future expansion should it become necessary to supply these smaller towns; this is
addressed in Section 7.7.
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3.2 Water Resource Analysis
The analysis involved an assessment of several augmentation and operational scenarios to confirm the
potential increase in the yield of the GBWSS due to abstraction of water from Gariep Dam via the
proposed Xhariep Pipeline. The water resources analysis is detailed in the Water Resource Analysis
Report, but a summary is included in this report.

The outcomes of the scenario analyses informed the decision regarding the timing and optimal route of
the pipeline. As described in Section 1.3, the planning horizon was 2050 with an interim development
level in 2035 also included. In addition to confirming the size of the Xhariep Pipeline and associated bulk
transfer infrastructure, the need for increased capacities of WTWs and bulk conveyance infrastructure
within the larger GBWSS were also assessed.

As mentioned in Section 1.4, the methodology was iterative and involved sequential changes in the
model after communication with the infrastructure design team. Initially the transfer volume was limited
to 60 million m3/a which was found to be insufficient to meet the 2050 demands. The water resources
analysis was then optimised to meet the required transfer volume per scheme.

3.2.1 Model Configuration

3.2.1.1 Model Configuration Approach

The approach to configuring the Water Resources Yield Model (WRYM) for this study was based on the
Core Base Scenario from the ongoing ORASECOM study (ORASECOM, 2020), with enhancements
drawn from the 2022/23 AOA (DWS, 2023) for the Orange River System and the 2018 Mangaung Study
(MMM, 2018). This amalgamation aimed to create an updated WRYM configuration tailored to the
study's analysis requirements. The new datasets were adjusted to match the on-ground operational
activities as at the 2023 development level and incorporated planned interventions on the GBWSS.

The WRYM configuration for this study incorporated additional elements to the (ORASECOM, 2020)
WRYM such as:

Ʒ Groothoek and Rustfontein WTWs,
Ʒ A connection between Rustfontein WTW and Bloemfontein,
Ʒ A "bi-directional" pipeline intervention option. This intervention involved a pipeline between

Welbedacht Dam and Knellpoort Dam, enabling abstraction from Welbedacht Dam and
supporting Welbedacht WTW with de-silted water.

Ʒ Additionally, a Gariep dummy dam was included to ensure an infinite water supply for
augmentation during model simulations.

Significant changes to the WRYM configuration included:

Ʒ Incorporating demands for different development levels in the GBWSS and upstream areas,
Ʒ Adjusting operating levels of some dams to maximize yield, and,
Ʒ Increasing capacities for various infrastructure elements including WTWs and pump stations, to

accommodate different scenarios and interventions.

3.2.1.2 WTW Modelled Capacities

The analysis assumed an operational capacity for the WTWs equal to 80% of the Maximum Design
Capacity (MDC) to allow for down time required for maintenance and repairs. However, the Current
Operating Capacities (COC) of Rustfontein and Maselspoort WTWs, as configured in both the 2022/23
AOA water resources planning model and the 2018 Mangaung Study, are equivalent to the MDC.
Therefore, the analysis applied the larger value of COC or 80% of MDC as the operational capacity.
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For scenarios that included the “bi-directional” pipeline intervention, the maximum capacity needed to
be pumped from the Welbedacht WTW. The modelled operational capacity was thus increased from
116 Mǎ/d (1.344 m3/s; 42 million m3/a) to 137 Mǎ/d (1.595 m3/s; 50 million m3/a) for the relevant
scenarios.

For the scenarios where Gariep Dam supplied raw water to the GBWSS, the Rustfontein and
Maselspoort WTWs were modelled to operate as close to MDC as possible. The modelled operating
capacities were increased from 100 Mǎ/d (1.157 m3/s; 36.5 million m3/a) to 133 Mǎ/d (1.538 m3/s; 48.5
million m3/a) and from 110 Mǎ/d (1.273 m3/s; 40.2 million m3/a) to 114 Mǎ/d (1.315 m3/s; 41.5 million
m3/a) respectively for the relevant scenarios.

3.2.1.3 Modelled Future Upstream Developments

In this analysis, future water resources developments primarily focused on the expansion of water
infrastructure, i.e. dams, in the upper Caledon catchment, along with anticipated increases in urban and
irrigation demands along this reach of the Caledon River. These considerations were pertinent for
scenarios examining the impacts of future development levels, namely 2035 and 2050.

Planned water resources developments in the upper Caledon catchment entail the construction of Hlotse
and Ngoajane dams on the Caledon River upstream of Tienfontein (see Figure 2-1). Given the typical
delays associated with the planning and execution of large dam projects, Ngoajane Dam was excluded
from the analysis of the 2035 development level. It was only considered in scenarios projecting to 2050.
Conversely, it was assumed that Hlotse Dam would be completed by 2035 and this was included in the
2035 and 2050 projections.

In allocating water resources from Hlotse and Ngoajane dams, it was decided to assign their full yields
to meet the demands projected for 2050.

3.2.2 WRYM Analysis

3.2.2.1 Scenario Definition

The water resources analyses undertaken as part of this study entailed yield analyses for various
scenarios relating to the supply of bulk water to the GBWSS. As described in Sections 1.3 and 1.4, the
water resource analysis and infrastructure sizing and optimisation was an iterative process. Initially,
historic firm yield (HFY) analyses were carried out for the four scenarios (Figure 1-2) and the results
were used to evaluate the different Xhariep Pipeline transfer schemes/options. Once the best raw
transfer option was identified, this option along with the potable transfer option were taken forward into
further optimisation and analyses. Finally, a stochastic yield analysis was performed on the best
scheme/option to confirm the adequacy of the proposed sizing of the infrastructure in terms of meeting
the projected 2050 GBWSS demand at the required 98% assurance of supply. A flowchart of the
modelling process is shown in Figure 3-24, which must be read in conjunction with the flowchart shown
in Figure 1-3 (Note – the economic evaluation of options is presented in Chapter 7). Phase 3 of the
WYRM, which evaluates the impact of increased abstraction from Gariep Dam on the downstream
users, is described only in the Water Resource Analysis Report that forms part of the study as its findings
don’t influence the infrastructure sizing and design addressed in this report.
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Figure 3-24: Water resource phases for analysis

3.2.2.1.1 Phase 1 Scenarios

Phase 1 scenarios evaluated the yield of the current system, the potential benefits of implementing
interventions identified in the DWS Reconciliation 2012 study, the potential yield increase due to a
maximum abstraction rate of 60 million m3/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 PS abstraction to the GBWSS. The scenarios assumed that no compensation
releases from the proposed Hlotse and Ngoajane Dams would be made to offset the impact that these
dams would have on the yield of the downstream system/users.

Each scenario had sub-scenarios, and additional subsets of the sub-scenarios. The sub-scenarios and
the subsets are detailed in the Water Resource Analysis Report. This report contains a high-level
summary of the analysis, while a summary of the scenario descriptions are presented in Table 3-24.

Table 3-24: Phase 1 water resource analysis scenario description summary

Scenario Description

Scenario A 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.

Scenario 1 Determine historic firm yield (HFY) of the current bulk water supply system, including the
raising of existing dams.

Scenario 2 Determine the impact of possible future water resources developments and increased
water demands in the upper Caledon catchment on the HFY of the current GBWSS.

Scenario 3 Determine the potential increase in the current system yield through implementation of
previously identified interventions as well as additional interventions.

Scenario 4 Determine further potential increase in the system yield through implementation of the
Gariep Dam to Bloemfontein pipeline.
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Scenario Description

Scenario 5 Determine the impact of possible future water resource developments and increased water
demands in the upper Caledon catchment on the maximum supply capacity (Yield) of the
future GBWSS.

3.2.2.1.2 Phase 2 Scenarios

Following the determination of the Phase 1 scenarios, Phase 2 scenarios determined the transfer
capacity from Gariep Dam, based on historic firm yield (HFY), needed to meet the 2050 demand of the
GBWSS 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, Scheme 4, (based on the outcome of Phase 1 infrastructure
sizing and costing) along with the potable Gariep Dam transfer option, Scheme 1. 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 optimisation of the operating rules
for the preferred transfer scheme.

Like Phase 1, Phase 2 scenarios included sub-scenarios and subsets of the sub-scenarios. Table 3-25
summarises the scenarios modelled in Phase 2 of the water resource analysis.

Table 3-25: Phase 2 water resource analysis scenario description summary

Scenario Description

Scenario 5 (continued from Phase 1) Determine the impact of possible future water resource
developments / increased water demands in the upper Caledon catchment on ORP Yield.

Scenario 6 Determine the impact of both Lesotho Lowland dams on GBWSS and ORP yield. The
impact should be “re-balanced” through compensation releases.

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

Scenario 8 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 9 Determine the impact of both Lesotho dams with compensation releases on the GBWSS
and on the ORP.

Scenario 10 Determine increased transfer capacity with compensation releases from the Lesotho
Lowland dams until the GBWSS yield is sufficient to support the projected 2050 GBWSS
demand.

Scenario 11 Select the final Scenario to carry out a long-term stochastic yield analysis on the GBWSS.

3.2.2.2 Scenario Analysis Results

The modelling results for each scenario and its subsets are detailed in the Water Resources Analysis
Report. A summary of the results is provided in the sections below.

3.2.2.2.1 Phase 1 Results

The modelling results of Phase 1 shows that the potable yield of the GBWSS continually reduces over
time due to the increased domestic and irrigation developments in the upper Caledon catchment within
South Africa as well as Lesotho. For comparison, the 2012 Reconciliation Strategy modelled a yield of
84 million m3/a, the 2018 Mangaung Study modelled a yield of 73 million m3/a, and this analysis modelled
a yield of 65 million m3/a.
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Scenario 3 emphasised the need to implement the interventions as detailed in the 2012 Reconciliation
Strategy as the yield will increase from 65 million m3/a to 101 million m3/a, a 36 million m3/a increase.
Three interventions contributed to the increase in yield, namely the bi-directional pipeline between
Welbedacht WTW and Knellpoort Dam (+16 million m3/a), the wastewater reuse and raising of Mockes
Dam (+12 million m3/a) and increasing the capacity of Tienfontein pump station to 7m3/s (+8 million
m3/a). Demand reduction as a result of WC/WDM was considered in the demand projections and not as
an intervention that would add to the potable yield of the GBWSS.

Scenarios 4 and 5 examined the impact of the four Xhariep Pipeline schemes/options, with the transfer
from Gariep Dam capped at 60 million m3/a, on the available yield after implementation and the impact
of future upstream developments if all intervention options are implemented. Adding the 60 million m3/a
transfer increased the yield to 161 million m3/a. However, this reduces due to the future upstream
developments to 145 million m3/a in 2035, and 131 million m3/a in 2050.

The Phase 1 modelling results show:

Ʒ The 2012 Reconciliation Strategy interventions contribute to a significant increase in the
GBWSS potable yield,

Ʒ A Xhariep Pipeline transfer from Gariep Dam is necessary to satisfy 2050 demands, and
Ʒ A transfer volume of 60 million m3/a is insufficient to meet the projected 2050 demands of 186

million m3/a as calculated in Section 3.1.

The initial infrastructure sizing and cost comparison was completed using the Phase 1 modelling results.
This allowed the potential schemes/options to be narrowed down to Schemes 1 and 4, i.e. the potable
and best raw water scheme, for further analysis. See Section 7.4 for a detailed description of the initial
infrastructure sizing and cost comparison.

Phase 2 of the water resource analysis was needed to understand the impact of compensation releases
from the Hlotse and Ngoajane dams and to determine the required transfer volume for Schemes 1 and
4 after which a stochastic analysis was performed to confirm the transfer volume at the required
assurance of supply.

3.2.2.2.2 Phase 2 Results

The Phase 2 scenarios analysed the impact of the Hlotse and Ngoajane dams, that are planned in the
upper Caledon River reach/Lesotho Lowlands on the GBWSS and Orange River Project (ORP) yields.
The dams reduce the GBWSS yield by 14 million m3/a and the ORP yield by 46 million m3/a. If the dams’
capacities were increased in size to accommodate compensation releases and still meet the demands
imposed on these two dams, the reduction in yield on the GBWSS and ORP would be 2 million m3/a
and 36 million m3/a respectively. The modelling showed that it was not possible to fully rebalance the
impact on the yield caused by these dams, unless the demands imposed on these dams are reduced.

The next step in the Phase 2 modelling compared the required transfer volume of the potable (Schemes
1A and 1B) and best raw water option (Scheme 4B) with and without compensation releases. The results
showed that the initial transfer volumes, to meet 2050 demands, of the potable schemes were
120 million m3/a and 139 million m3/a respectively, and 142 million m3/a for the raw water scheme. The
second round of infrastructure sizing and cost comparison was completed with these modelling results.
From the comparison exercise detailed in Section 7.5, Scheme 1B was determined to be the preferred
option and was taken forward for further analysis.

Further refinement of the operating rules reduced the required transfer volume of Scheme 1B to
101 million m3/a, assuming that no compensation releases were made from the Lesotho Lowlands Dams
and 95 million m3/a with compensation releases. Assuming that all interventions are implemented,
including the Xhariep Pipeline, a total transfer volume of 101 million m3/a will increase the GBWSS yield
to 186 million m3/a, which matches the projected 2050 demands. Scheme 1B infrastructure sizing was
based on no compensation releases which is a 6% higher volume than the transfer with compensation
releases.
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The final stage of the Phase 2 analysis was to confirm the transfer capacity to ensure at least a 98%
assurance of supply. A long-term stochastic analysis was undertaken on the GBWSS including the
proposed Scheme 1B, assuming no compensation releases. The analysis confirmed that Scheme 1B
can meet the 2050 GBWSS demand at an assurance level higher than 1:50 year (98% assurance of
supply), as indicated in Figure 3-25.  Figure 3-25 shows the outcome of the stochastic analysis, which
indicates that yields of approximately 220 million m3/a and 213 million m3/a can be delivered at 98% and
99% assurance of supply, respectively. It is recommended that the maximum transfer volume from
Gariep Dam remains at 101 million m3/a as the higher assurance of supply provides flexibility should
additional towns be included in future as part of the GBWSS or to cater for any unforeseen delays
experienced with the implementation of any of the 2012 Reconciliation Strategy interventions.

3.2.3 WRYM Discussion

The study confirmed that the system yield is highly sensitive to the applied operating rules, prompting a
subsequent optimisation of these rules as part of the scenario analyses. These optimisations are
deemed adequate for the feasibility study's objectives.

It is important to note that MMM has implemented water restrictions since 2014, which may have
influenced behavioural changes among residents regarding water usage. Furthermore, the
implementation of WC/WDM may lead to further behavioural adjustments. Therefore, regular updates
to and sense-checking of future water demand projections are necessary.

South Africa should prioritise the negotiation of compensation releases from future Lesotho Lowland
dams to prevent a significant reduction in the GBWSS yield in the future.

Immediate implementation of interventions identified in the 2012 Reconciliation Strategy is of utmost
importance to increase the GBWSS yield and/or reduce system demands, considering that the current
system demand already exceeds the system yield. Priority intervention options include the bi-directional
pipelines between Welbedacht WTW and Knellpoort Dam, increasing Tienfontein pump station capacity
to 7 m3/s, and exploring re-use options.

In addition to the Xhariep Pipeline Project, it is crucial to consider other operational recommendations
from previous studies, such as those outlined in the 2022/2023 AOA:

Ʒ Continuous effort to implement WC/WDM to reduce losses,
Ʒ Address cavitation problems of submersible pumps at Rustfontein Dam to utilise the system

storage fully,
Ʒ Conduct maintenance and repairs of Tienfontein pumps to ensure maximum pumping capacity

availability,
Ʒ Ensure the maximum possible transfer from Welbedacht Dam/WTW to the GBWSS with on-

going and high-quality maintenance,
Ʒ Optimise the supply from Mockes Dam to reduce spills from Maselspoort Weir, and
Ʒ Rectify losses through the sluice gates at Welbedacht Dam.

Review and on-going refinement of operating rules for the final selected option should be carried out in
the future. The AOA study for the ORP and GBWSS systems could serve this purpose, including the
optimisation of pumping costs for selected scenarios. Additionally, addressing the intricacies of water
supply at a reservoir and reticulation network level should be part of Bulk Water Master Planning
undertaken by end-users, such as MMM and VCWB.

It is advisable to include a scenario in the next ORS AOA that incorporates the proposed transfer option
from Gariep Dam to the GBWSS. This would provide insight into the potential benefits of this scheme
regarding the necessity and severity of water restrictions, as well as assurance of supply.
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Figure 3-25: Long-term stochastic curve of the GBWSS at 2050 development level
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4 Water Quality Analysis

The original objectives of the water quality assessment were to:

Ʒ Characterise the raw water quality that could potentially be abstracted at Gariep Dam, and,
Ʒ Estimate the quality of water blended from different sources at Knellpoort Dam and Rustfontein

Dam, that could affect its treatability at the WTWs, if applicable.

The latter requirement is however, not further considered as part of this report. The feasibility of
transferring raw water from Gariep Dam to Knellpoort Dam, the Novo Outfall or Rustfontein Dam
appears to be less viable when compared to the option of transferring potable water from Gariep Dam
to the GBWSS as described in Sections 3.2 and 7.6. However, in the event of this changing in future,
the impact of blended water quality on the WTW located at the impacted dam can be evaluated during
the detailed feasibility phase.

The discussion in this chapter is therefore focused on the raw water quality record of the Gariep Dam.

Historical raw water quality data for the Gariep Dam is available for the periods 2004 to 2017 and 2018
to 2022. The data was sourced from the DWS and VCWB respectively. The DWS data set consists of
564 samples drawn in intervals varying from hours to months. The VCWB data set consists of 75
samples drawn typically on monthly intervals. Each sample was analysed for several determinants. This
resulted in each significant determinant being measured in the order of 70 to 220 times over the period.
The exact count of samples per determinant is indicated in Table 4-1.

An analysis was performed on the data focusing on a comparison of the data to the South African
drinking water quality specification (SANS241-1, 2015) as well as WHO guidelines (World Health
Organisation, 2017). The analysis served to highlight determinants that do not meet the drinking water
quality standard and that justify treatment interventions.

Based on the available water quality data only, the water can be described as of very good quality.
Turbidity, microbiology, and stability are the only determinants requiring particular attention. The
presence of suspended solids can inhibit the effectiveness of disinfection. Harmful micro-organisms (like
viruses and bacteria) may adsorb to the surfaces of solid particles and by doing so, acquire protection
from the active species involved in disinfection, which cannot reach the micro-organism to deactivate it.
To facilitate effective disinfection, the total suspended solids of the water must be sufficiently reduced.

The absence of certain parameters from the available dataset is a concern. No algal bloom related data
(e.g., chlorophyll-a, taste and odour, algal toxins, etc.) or data related to Contaminants of Emerging
Concern (CECs), was available for the water abstracted into the WTW. A study (Venter, 2000) reported
that the average chlorophyll-a concentration ranged between 0.4 and 1084 µg/I, with an average
concentration of 10.8 µg/l. The high value was measured in February 1999 but was reported by the
author as an exceptionally high value. The box plots in Figure 4-1 summarise the chlorophyll-a
concentrations at various points along the upper Orange River catchment (up to the year 2000). The
data from the Gariep Dam was of particular interest to this study. The peak levels are of concern and
may require the addition of flotation to the treatment process.

Some DWS chlorophyll-a data was available for water sampled near the dam wall. The measured levels
were sufficiently high at times to justify a dedicated treatment step. It however remains uncertain how
much of the algal load will be drawn into the WTW. Levels of chlorophyll-a in the abstracted water must
be determined as part of the feasibility study to further evaluate the treatment processes proposed in
this report (Section 7.1).
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Figure 4-1: Box plots of the chlorophyll-a concentrations at different sampling sites in the Orange River
system for an extended period (not specified) (Venter, 2000)

The raw water characteristics for the feed water from the Gariep Dam are provided in Table 4-1.

Table 4-1: Expected raw water characteristics

Parameter Units No. of
analyses

5th percentile
Raw Water
Operational

Data

50th percentile
Raw Water
Operational

Data

95th percentile
Raw Water
Operational

Data

SANS 241:
2015 and

DWS/WHO
Standards

Turbidity NTU 50 12.931 32.96 164.20 Ò 1

Colour 2 mg/ǎ as Pt 12 1.00 1.00 432.00 Ò 15

TDS mg/ǎ 50 97.93 124.20 150.86 Ò 1200

Conductivity mS/m 216 13.19 16.00 21.08 Ò 170

pH [-] 216 6.44 7.52 8.23 Ó 5 to Ò 9.7

Total Alkalinity mg
CaCO3/ǎ 216 46.78 68.70 85.53 ~40-120

Fluoride mg/ǎ 211 0.05 0.17 0.30 Ò 1.5

Ammonia mg/ǎ 213 0.02 0.04 0.15 Ò 1.5

Potassium mg/ǎ 213 0.99 1.44 2.52 Ò 50

Sodium mg/ǎ 213 4.06 5.52 7.58 Ò 200

Zinc mg/ǎ 99 0.00 0.00 0.19 Ò 5

Calcium mg/ǎ 213 14.06 17.48 22.29 Ó 16

Iron mg/ǎ 144 0.05 0.32 3.83 Ò 0.3

Manganese mg/ǎ 145 0.00 0.02 0.05 Ò 0.1

Magnesium mg/ǎ 213 4.72 6.20 7.59 Ò 30



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 4-3

Parameter Units No. of
analyses

5th percentile
Raw Water
Operational

Data

50th percentile
Raw Water
Operational

Data

95th percentile
Raw Water
Operational

Data

SANS 241:
2015 and

DWS/WHO
Standards

Chloride mg/ǎ 213 1.50 3.70 5.92 Ò 300

Nitrate as NO3 - N mg/ǎ 215 0.16 0.50 1.00 Ò 11

Nitrite as NO2 - N mg/ǎ 16 0.01 0.01 0.01 Ò 0.9

Sulphate as SO4
2- mg/ǎ 213 2.00 8.90 20.92 Ò 250

Phosphate PO4 mg/ǎ 210 0.01 0.03 0.10

Calcium Hardness
(calculated from
above)

mg/ǎ as
CaCO3

213 35.15 44 55.73

Magnesium
Hardness
(calculated from
above)

mg/ǎ as
CaCO3

163 15.96 20.91 25.39

Total Hardness
(calculated from
above)

mg/ǎ as
CaCO3

163 53.64 68.66 84.05 Ò 150

Langelier Index
(calculated from
above)

- 161 -2.06 -0.60 -0.03 ~ 0

Ryznar Index
(calculated from
above)

- 161 8.22 8.94 10.53 6.5 – 7.0

Escherichia coli
MPN or
CFU per
100 Mǎ

41 0.00 3.00 32.60 0

Heterotrophic plate
count (HPC)

CFU 48 12.50 122.00 985.25 Ò 1000

Total coliforms CFU 49 2.00 101.00 1414.00 Ò 10

Calcium Carbonate
Precipitation
Potential (CCPP)
(calculated from
above)

mg
CaCO3/ǎ No data No data No data 2 to 5

TOC mg/ǎ 49 2.62 4.01 5.73 10

DOC mg/ǎ 92 1.81 3.73 19.33 10

Chlorophyll-a3 µg/ǎ 172 0.28 1.25 15.45 <10

Notes:

1 Figures shown in red do not meet the required standards
2 These values seem to be colour values and not true colour.
3 The sample point is near the dam wall and not in the raw water feed line to the plant. The data must therefore be used as

an indicator only.

In addition to the conclusions already drawn above, the following was noted from the available data:

Ʒ There were only 12 data points for colour in the raw water. Three of these data points were
approaching 200 mg/l Pt and above with the highest result being 707 mg/l Pt. The balance of
the data points all equal 1 mg/l Pt. These results appear to be incorrect and require further
evaluation.



Xhariep Pipeline Feasibility Study

Document number P WMA 06/D00/00/3423/5, Revision number A, Date 2024/04/04 4-4

Ʒ Few results were generally acceptable. There was however a number of exceptionally high
values reported. It was unclear from the data reports if the numbers represent total or dissolved
Fe levels. Further evaluation of this parameter is required.

Ʒ The data reflects the quality of untreated water, and the microbiological results are therefore not
a significant concern. These numbers are expected to reduce significantly when the water is
subjected to standard treatment protocols.

Ʒ A small number of datapoints reflected very high dissolved organic carbon levels. All the high
values were however reported prior to 2003. Subsequent reports all indicated DOC levels below
the national standard.

A raw water sampling and analysis programme will be undertaken as part of further design studies. A
series of 12 sampling rounds at 2-week intervals are planned for the feasibility study.

Initially, a comprehensive list of parameters will be analysed as required by the water treatment team
(and specified in SANS 241 of 2015), and for the remaining duration of the feasibility study, a reduced
list of parameters will be analysed. It is anticipated that comprehensive analyses will be conducted on
at least one summer season sample and on one winter sample. Data will be collected over one seasonal
cycle to cover at least a period of thermal stratification. All sampling, and sample transport will adhere
to SANS 5667 (Water Quality - Sampling) standards and guidelines. All testing of the samples will be
covered by the provisional sum allowed for in the Contract.
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5 Geotechnical Investigations – Desktop Level

This chapter describes the geotechnical considerations with the associated potential construction risks,
based on a desktop assessment, for the four proposed pipeline schemes (Figure 1-2) under
consideration. The results of which provide input into the scheme comparison.

The following information was used:

Ʒ The 1:250 000 published geological maps,
Ʒ Satellite imagery,
Ʒ Published information and previous study reports on typical geotechnical conditions associated

with the various rock types,
Ʒ Zutari reports on investigations in areas with similar geology and climate, and,
Ʒ Reports compiled by others (e.g., DWS, VCWB, MMM, etc.) as part of previous studies, where

readily available.

5.1  Site Characterisation

5.1.1 Site description

The proposed pipeline routes traverse the flat to gently rolling sections of the Free State province and
are mostly aligned with existing roads. Location details for each of the options are summarised within
Table 5-1.

Table 5-1: Summary of general pipeline route layout

Pipeline Start position End Position Route
length (km)

Neighbouring
roads

Scheme 1
Gariep Dam

30°3”'37.60"S’ 25°2”'21.35"E

Bloemfontein

29°1”'19.93"S’ 26°1”'44.50"E
181

R701, N1,
Ferreira

Scheme 2
Gariep Dam

30°3”'37.60"S’ 25°2”'21.35"E

Novo outfall

29°3”'29.53"S’ 26°”3'1.14"E
198

R701, N1,
R715, N6

Scheme 3
Gariep Dam

30°3”'37.60"S’ 25°2”'21.35"E

Knellpoort Dam

29°4”'48.15"S’ 26°”3'4.80"E
190 R701

Scheme 4
Gariep Dam

30°3”'37.60"S’ 25°2”'21.35"E

Rustfontein Dam

29°1”'39.53"S’ 26°3”'36.33"E
214

R701, N1,
R702

All the proposed pipeline options traverse existing road and rail infrastructure which will be affected
during construction of the pipeline.

Elevation profiles for each of the pipeline options were created using satellite imagery. An estimation of
the general topographical trends is shown in Figure 5-1.
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Figure 5-1: Sections of general topography along the pipeline routes

5.1.2 Regional Geology

According to the 1:250 000 geological maps, all the proposed pipelines are underlain by interbedded
mudstone and sandstone of either the Adelaide or Tarkastad Subgroups within the Beaufort Group,
Karoo Supergroup. According to Brink (1983) the Beaufort Group sandstone is generally thin and poorly
sorted. Additionally, free swell ranging from 0.01% to 7.0% was reported by Oliver (1976) for samples
of fresh Beaufort mudstone.

The Karoo rocks have been extensively intruded by dolerite dykes and sills. Most dolerite intrusions in
the Karoo Supergroup are horizontal (sills) with a thickness that varies from 1 m to about 300 m. Solid
unweathered dolerite is hard to extremely hard and generally requires blasting for excavation. Dolerite
varies in weathering resulting in boulders, gravels, granular (sugar) dolerite and eventually to residual
dolerite soil.

The regional geology is shown in Figure 5-2.

5.2 Seismicity
According to the seismic hazard map in SANS 10160-4:2017, the proposed schemes are within Zone 2
that experiences seismicity with a peak ground acceleration in the order of 0.1g - 0.15g due to mining
activities and natural movement. There is a 10% probability that the expected ground acceleration could
be exceeded within a 50-year period (Figure 5-3). Note that this is based on published SANS data and
no site-specific studies have been carried out.
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Figure 5-2: Regional Geology of the site (1:250 000 Geological maps as listed, published by the Council for
Geoscience)

Figure 5-3: Seismic hazard map showing peak ground acceleration (g) with 10% probability of being
exceeded in a 50-year period (SANS 10160-4: 2017)
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