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Vaal River System Analysis Update
Historic and long-term Stochastic

Yield Analysis of the Senqu Sub-system

EXECUTIVE SUMMARY

INTRODUCTION

The Vaal River system is the most important water resource system in South Africa as it provides water to more than 40 % of the country=s inhabitants and, with numerous industries and mines in the supply area, supports the production of more than 50 % of the country=s gross domestic product.  The first system analysis on the Vaal River System, covering the period October 1920 to September 1984, was carried out in 1985.  As a result of various physical changes in the system the Vaal River System model was upgraded in 1993, although the hydrology from the first analysis was still used.  In 1995 the Department of Water Affairs and Forestry (DWAF) decided to update the model and the Vaal River System Analysis Update (VRSAU) study was commissioned.  The VRSAU study now includes the update of both the hydrology as well as the physical characteristics of the system.  The hydrology has been extended by an additional 11 years (to cover the period October 1920 to September 1995, i.e. to the end of the 1994 water year) that include the last part of the drought in the eighties, as well as the extremely low inflow during the early nineties.  This extension has also enabled the salinity models to be calibrated with greater confidence.

SCOPE OF THE REPORT

The Integrated Vaal River System consists of water supply schemes in the Vaal River Basin together with inter-basin transfer schemes linking the Vaal and adjoining basins.  The system therefore includes several major sub-systems.  Based on the practical considerations regarding the transfer of water and support from one sub-system to another, the total Vaal River System was sub-divided into seven sub-systems in order to facilitate system yield analyses.  These sub-systems are:

· The Komati-Olifants system (Nooitgedacht and Vygeboom dams)

· The Usutu-Olifants system (Westoe, Jericho and Morgenstond dams)

· Buffalo-Vaal system (Zaaihoek Dam)

· Assegaai-Vaal system (Heyshope Dam)

· Grootdraai system (Grootdraai Dam)

· Bloemhof system (include all the dams in the Vaal River catchment from Bloemhof Dam upstream as well as Woodstock Dam and Driel-Barrage in the Tugela sub-system)

· Senqu-Vaal system (Katse and Mohale dams).

The purpose of this report is to provide summarised details of the hydrological database, the land use developments and associated water requirements as well as full details on the water supply systems and system yield analyses. Only details regarding the Senqu Sub-system are given in this report. The historical and long-term stochastic yield analysis results for the Senqu Sub-system are described in this report. The short-term stochastic yield analysis results of all the Sub-systems are given in a separate, combined report.

The most important differences of the current Senqu Sub-system in comparison with the previous system used in the original Vaal River System Analysis (1985) and the Upgraded VRSA (1993) are the following:

· The hydrology was obtained from the recent joint LHDA/DWAF study and covers the period 1920-1995, which is one year longer than that required for the VRSAU study

· Updated reservoir characteristics were used where available

· Transfer capacities were updated.

Two scenarios were analysed for the Senqu Sub-system. The first scenario also referred to as Phase 1A of the Lesotho Highlands Water Project (LHWP) includes Katse Dam from where water is gravitated via tunnels to the Vaal System. Instream Flow Requirement (IFR) releases as per treaty of 0.5 m3/s from Katse Dam were included. The second scenario (Phase 1B of LHWP) also includes Mohale Dam and Matsoku weir, which are both used to support Katse Dam and therefore increase the transfers to the Vaal System. IFR releases of 0.5 m3/s for Katse Dam and 0.3 m3/s for Mohale Dam were included in this scenario.

RESULTS

Results of the historical analyses for the Senqu Sub-system for Phase 1A and 1B are summarised in Table 1 and can be compared with the results from the previous analyses presented in Section 6 of this report. Table 2 shows the comparison of the long-term stochastic analysis results for both phases of the Senqu Sub-system.

Table 1:

Historic firm yield results

Scenario
MAR for total system

(million m3)
Historical firm yield

(million m3)
Incremental yield

(million m3)

1 – Phase 1A
546
489.0
0.0

2 – Phase 1A & 1B
942
806.3
317.3

Table 2:

Summary of long-term stochastic firm yield results

Scenario
Long-term stochastic firm yield at

Indicated recurrence intervals


1:20 year

(million m3)
1:50 year

(million m3)
1:100 year

(million m3)
1:200 year

(million m3)

1 – Phase 1A
542.0
491.0
465.0
442.2

2 – Phase 1A & 1B
900.0
835.0
788.0
752.0

CONCLUSIONS AND RECOMMENDATIONS

From the yield results obtained from the VRSAU study it is concluded that:

· The revised hydrology used in the VRSAU resulted in decreases of between 7.3% to 14.9% in the long-term stochastic yield for both scenarios.

· The historic firm yield for Scenario 1 decreased by 8.4% and for Scenario 2 by 12.1%.

· The decrease in the historic and stochastic yield obtained for the Senqu Sub-system can be attributed almost entirely to the update of the hydrology.

· The start storage has a direct effect on the historic firm yield as the critical period is from October 1920 to October 1933, which is the beginning of the record period. The stabilised starting storage levels determined by the long-term stochastic analyses were used to determine the historical firm yield.

· No transfer losses are included in the yield determined for the Senqu Sub-system and therefore represent the yield available in Lesotho.

Recommendations based on the yield analysis results include:

· Losses that will be experienced in the transfer of the Lesotho water to the Vaal System should be determined, as it will have a direct impact on the water available in the Vaal System. The system yield as determined in this study represents the available yield in Lesotho.
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1. introduction

1.1 BACKGROUND

The Vaal River system is the most important water resource system in South Africa as it provides water to more than 40% of the country=s inhabitants and, with numerous industries and mines in the supply area, supports the production of more than 50 % of the country=s gross domestic product.  It is therefore important that the management of water resources within the system receive special attention.

In 1985 the first major water resource system analysis study to be carried out in South Africa, the Vaal River System Analysis (VRSA) study, was undertaken by BKS (Pty) Ltd in association with ACRES International and Stewart Scott Inc, on behalf of the Department of Water Affairs and Forestry (DWAF).  The study was completed approximately four years later during which time the project team developed various new computer models and analysis techniques.  The VRSA study addressed the water resources of the Vaal River basin as well as all adjacent donor catchments, which augment supplies to the demand centres supported from the Vaal River.  Both water quantity and water quality issues were addressed in the study and many important observations and conclusions were made, based on results from the new system models.

The computer models and analysis techniques developed in this process, have since become a standard methodology used for water resource studies in South Africa.  The reliability of the various models and techniques is extremely important to ensure that new schemes are not built prematurely, and on the other hand, that the imposition of water restrictions are not made unnecessarily, as this could have serious influences on the economy of the country.

As the study started in 1985, it was only possible to process the hydrological records to cover the period October 1920 to September 1984, i.e. up to the end of the 1983 water year.  Unfortunately the 1983 water year was still part of a very severe drought event which was only broken after the good rains of 1988.  The ending of the hydrological records in the middle of a severe drought was recognised to be a potential problem but the significance of this could not be established before the drought was broken and the analysis repeated. As a result of various physical changes in the system the Vaal River System model was upgraded in 1993, although the hydrology from the first analysis was still used.  The length of the records can now be extended from the original 64 years to 75 years (to cover the period October 1920 to September 1995, i.e. to the end of the 1994 water year).  The additional 11 years include the last part of the eighties drought as well as 3 years of extremely low inflow during the early nineties, both of which may influence the system yield capabilities.

Salinity is a major issue in the Vaal River system and salinity modelling was undertaken as part of the original VRSA study.  Unfortunately there was very little data with which to calibrate the salinity models, with the result that the conclusions and recommendations made in this regard could not be adequately verified.  In some cases only one or two years of reliable data were available with which to calibrate the models.  The availability of the additional 11 years of information with water quality data has allowed the salinity models to be calibrated with much greater confidence.

The analysis techniques developed during the VRSA study have been used for the assessment of several other major water resource systems throughout South Africa including the Mgeni, Western Cape, Crocodile and Orange River systems.  The analysis techniques were improved and extended during these studies, but these improvements have not, prior to the current study, been incorporated into any re-assessment of the Vaal River system.  The modelling routines have been significantly improved/extended for the analysis of farm dam storage, paved areas, irrigation return flows and air pollution.  These are only some of the numerous routines for which improvements to the model have been made.  As a result, the processes involved can now be modelled more confidently.

1.2 PURPOSE OF THE STUDY

The purpose of the Vaal River System Analysis Update (VRSAU) study is to revise and update the hydrological and water quality databases used in the earlier studies and to re-assess the water quantity and quality capabilities of the whole Vaal River System (for the period October 1920 to September 1995, i.e. up to the end of the 1994 water year) using the most up-to-date information and techniques.  The major shortcomings of the previous studies can now be taken into account.

1.3 SCOPE of the report

The Vaal River System is inter-linked with various other basins due to transfers from these basins to the Vaal Basin as well as transfers from the Vaal Basin to other basins.  As part of the VRSAU study the hydrology of the Vaal River Basin was updated together with the hydrology for subcatchments within the Komati, Usutu, Tugela and Senqu river basins.

The total Vaal River System can therefore be sub-divided into various sub-systems.  Based on the practical considerations regarding the transfer of water or support from one sub-system to another, the total Vaal River System was sub-divided into seven sub-systems in order to facilitate system yield analyses.  These sub-systems are:

· The Komati-Olifants system (Nooitgedacht and Vygeboom dams)

· The Usutu-Olifants system (Westoe, Jericho and Morgenstond dams)

· Buffalo-Vaal system (Zaaihoek Dam)

· Assegaai-Vaal system (Heyshope Dam)

· Grootdraai system (Grootdraai Dam)

· Bloemhof system (include all the dams in the Vaal River catchment from Bloemhof Dam upstream as well as Woodstock Dam and Driel-Barrage in the Tugela sub-system)

· Senqu-Vaal system (Katse and Mohale dams).

The purpose of this report is to provide summarised details of the hydrological database, the land use developments and associated water requirements as well as full details on the water supply systems and system yield analyses. Only details regarding the Senqu system (Katse and Mohale Dams, including Matsoku Weir diversion, i.e. Phase 1A and 1B of the Lesotho Highlands Water Project) are given in this report. The historical and long-term stochastic yield analyses and results are described in this report with the short-term stochastic yield analysis results combined into a separate report “Short-term Stochastic Yield Analysis PC000/00/17996”.
1.4 Description of the catchment and sub-system

The study area comprises the catchment of the Orange River (Senqu River in Lesotho) within the borders of Lesotho. The Senqu River has as its main tributaries in Lesotho the Malibamatsu, Tsoelike and Senqunyane Rivers. It covers approximately 24 500 km2 (approximately two thirds of the total surface area of Lesotho) and extends from Oranjedraai in the south towards Mont-aux-Sources on the north-eastern border of Lesotho. It is bordered by the Drakensberg Mountains along the eastern boundaries and by the Maluti Mountains along the western boundary.

Figure A-1 of Appendix A shows the location of the various dams in the Senqu catchment. The only existing dam is Katse Dam (Phase 1A of the LHWP) in the Malibamatsu River. Proposed dams and weirs considered in this study include Mohale Dam and Matsoku Diversion Weir (Phase 1B of the LHWP). Both Mohale Dam and Matsoku Weir will be used to divert water to Katse Dam, which in turn will transfer water to the Vaal River System in South Africa. Further possible phases of the LHWP (not discussed in this report) include Mashai, Malatsi, Ntoahae and Tsoelike dams. It is however, at this stage not yet final if any of the further phases will be developed.

2. hydrological database

2.1 General

For the purposes of this study it was decided to incorporate the latest hydrological records for the Senqu Sub-system as derived by a separate study commissioned jointly by the Lesotho Highlands Development Authority (LHDA) and the South African Department of Water Affairs (DWAF). The hydrology from the joint LHDA/DWAF study covers the period 1920 to 1995 water year and is therefore of sufficient length to be used in the VRSAU study. Details of the updated hydrological database are given in the following report “Lesotho Highlands Hydrology PC 000/0016996”.
The hydrological data are associated with the subcatchments as indicated in Figure A-2 of Appendix A. The Water Resources Yield Model (WRYM) requires a set of four monthly hydrological data files for each subcatchment which includes the:

· Naturalised run-off (*.INC file)

· Point rainfall at reservoir (*.RAN file)

· Diffuse irrigation (*.IRR file)

· Reduction in run-off due to afforestation (*.AFF file).

Diffuse demands normally include the demands upstream of reservoirs, which is supplied directly from rainfall or run-off, such as afforestation and irrigation. These files can therefore be deducted directly from the natural flow file (*.INC file) before the flow enters the system and is for that reason included as a diffuse irrigation or afforestation file in the set of data files. Irrigation can, however, be considered as either diffuse or controlled. Diffuse irrigation is not supported by reservoirs and is usually in the form of run-of-river irrigation. Controlled irrigation is supported by storage and can therefore be supplied at a higher assurance than diffuse irrigation. Controlled demands such as irrigation, urban, industrial, etc, requirements can also be added to the set of data files, either as a monthly time series or as 12 monthly values. All these demand files as well as the diffuse irrigation and afforestation run-off reduction files are representative of the 1994 development level. A brief description of the most important components regarding the hydrological database will be given in the next three sections.

2.2 rainfall and evaporation

The point rainfall records at the various dams were generated by using the distribution of the monthly time series of the catchment rainfall records together with the point MAP at the dam itself. The catchment rainfall records used were obtained from the hydrological analyses. Details of the rainfall data are summarised in Table 2.1 and full listings of the monthly data in electronic format, are given in Appendix E.

Table 2.1:
Summary of point rainfall data

Dam
Catchment areas
Climate (at dam)


Total

(km2)
Incremental

(km2)
MAP

(mm)






Katse
1867
1867
750

Matsoku Weir
652
652
760

Mohale
938
938
853

Due to the lower variability in potential evaporation from one year to another, only 12 monthly values are given which are then used for each year in the simulation. The mean annual and monthly lake evaporation at each dam site are presented in Table 2.2. The values used are the same as those used in earlier system analyses.

Table 2.2:
Summary of lake evaporation


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

Katse
127
126
122
135
103
103
73
72
49
58
88
105
1162

Mohale
126
125
122
134
102
103
73
71
48
57
87
104
1151

2.3 Streamflow

All the streamflow data used in the analysis are naturalised monthly streamflow files in million m3 and is referred to as the *.INC files. Details of the naturalised incremental flow files used in the analysis are given in Table 2.3 while full listings are given in Appendix E in electronic format. The incremental subcatchments associated with the various streamflow files are shown in Figure A-2 of Appendix A.

Table 2.3:
Comparison between earlier and revised flow records

Catchment
MAR (million m3)


1920 – 1985
1920 - 1995


Original LHDA

(June 1987)
Upgraded BKS

(Sept 1993)
Revised Consult 4

(June 1994)
This Study


Total
Total
Total
Total

Katse Dam
622
587
585
546

Matsoku Weir
102
101
101
94

Mohale Dam
325
309
309
302

2.4 Land use developments

The topography of catchment areas for the various dams is highly incised and generally unsuitable for the development of irrigation schemes. Farm dams are scarce and their size and catchment area is insignificant in relation to the catchments investigated and have therefore been omitted from the system analysis. Water use by local inhabitants is widely dispersed and is assumed to be insignificant. There is no afforestation in the study area.

2.5 Summary of hydrology and comparison with previous study

Details regarding the derivation of the hydrological records are provided in the report “Lesotho Highlands Hydrology PC 000/0016996”. At the time when this study was carried out, these hydrological records were considered the best technical records available and were therefore used in this study. Various estimates of the hydrology have been made in the past and the reader is referred to the previous mentioned report for details.

3. system details

3.1 general

The Lesotho Highlands Water Project (LHWP) comprises the phased development of a series dams, tunnels, and pump stations to transfer water from within Lesotho to South Africa.

The first phase, Phase 1A, consists of Katse Dam on the Senqu River (as the Orange River is known in Lesotho) with approximately 80 km of tunnels delivering water to the Axle River (a tributary of the Vaal River) in South Africa near the town of Clarens in the eastern Free State. A hydro-electric power station is being constructed in the tunnel from Katse Dam to the Axle River, some 45 km from Katse Dam. The tailrace of the power station discharges into a small dam, Muela Dam, in which the intake for the Delivery Tunnel to the Axle River is located.

Phase 1B consists of a dam at Mohale (on the Senqunyane River) and the Matsoku Weir (on the Matsoku River) which transfer water by gravity tunnels to Katse Dam from where it is transferred in the Phase 1A tunnels to South Africa. Phase 1B is currently under construction.

A number of additional dam sites and conveyance routes have been identified in previous studies which would form part of the further phases of the LHWP. The Pre-Feasibility study into these dams and conveyances form part of the VAPS study and is known as the Lesotho Highlands Further Phases (LHFP) study. These further phases were not analysed as part of this study.

3.2 Reservoirs

Table 3.1 documents the elevation-surface area-capacity relationship for each of the dams modelled in the system analysis. It also gives the minimum operating and full supply levels of each dam.

Table 3.1:
Reservoir details


Reservoir


Katse
Mohale


Level

(masl)
Volume

(mil. m3)
Area

(km2)
Level

(masl)
Volume

(mil. m3)
Area

(km2)

Full supply
2053
1950.0
35.8
2075
938.0
22.0

Minimum operating level
1989
431.0
13.1
2005
87.0
4.0

Bottom level
1895
0.0
0.0
1940
0.0
0.0


Elevation

(m)
Volume

(mil. m3)
Area

(km2)
Elevation

(m)
Volume

(mil. m3)
Area

(km2)


1895
0.0
0.0
1940
0.0
0.0


1985
381.0
12.1
2000
67.0
3.3


1989
431.0
13.1
2005
87.0
4.0


2000
593.0
16.4
2010
108.0
5.0


2010
773.0
19.6
2020
168.0
6.9


2020
985.0
23.1
2030
248.0
9.1


2030
1234.0
26.7
2040
351.0
11.6


2040
1520.0
30.5
2050
481.0
14.3


2050
1845.0
34.6
2060
639.0
17.3


2053
1950.0
35.8
2070
828.0
20.5





2075
938.0
22.0

3.3 Inter-basin transfers

Water from Katse Dam in Lesotho is gravitated via tunnels to the upper reaches of the Liebenbergsvlei River from where it flows to the Vaal Dam. Phase 1A of the LHWP is completed with Phase 1B, which includes the Mohale Dam in Lesotho and is scheduled for completion in 2005. The main purpose of these transfers in Phase 1A is to transfer water to the Vaal River System and to simultaneously generate hydropower for Lesotho. A breakdown of the two major transfers in Phase 1 of the LHWP is given below.

3.3.1 Mohale

The transfer between Mohale Dam and Katse Dam is achieved by gravity and therefore the rate of flow depends on the relative levels of storage in the Mohale Dam and Katse Dam. The hydraulic capacity of the gravity tunnel between Mohale Dam and Katse Dam has been updated in accordance with a letter from Lesotho Highlands Tunnel Partnership (ref. MJB/cm/3.6.3/G/1707) dated 9 September 1998. The relationship between the difference in head and the rate of transfer is given in Table 3.2. The full supply level of Mohale Dam was assumed to be 2 075 m and the minimum operating level of Katse Dam was assumed to be 1 989 m creating a maximum difference in water level of 86 m.

The flow versus head factors are based on a minimum equivalent roughness of 1 mm and a maximum roughness of 6 mm due to ‘ageing’ of the largely pre-cast concrete lined tunnel over a period of approximately 50 years. These relationships have been computed for a scheme with a varying tunnel diameter, i.e. 4 m, 4.6 m, 4.1 m, 3.4 m.

The relationships are:
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where Q is the discharge in m3/s and H is the difference in head between Mohale and Katse. For the purpose of the system modelling the transfer capacity associated with a K value of 6 mm was used as this represents the conservative option.

Table 3.2:
Mohale Dam to Katse Dam transfer

Head difference
0.00
2.40
4.80
7.20
9.60
12.00
14.40
36.77
59.13
81.50

Transfer

K = 1 mm
0.00
9.41
13.30
16.29
18.82
21.04
23.04
36.82
46.70
54.82

Transfer

K = 6 mm
0.00
7.71
10.91
13.36
15.43
17.25
18.90
30.20
38.29
44.96

3.3.2 Matsoku

The diversion efficiency curve used to simulate the transfer of water through this tunnel was derived from the results provided in a letter (ref. D7B/LHDA/257) from the Matsoku Diversion Partnership to LHDA dated 26 September 1996. According to the letter, 14% of the total inflow to the weir was released downstream for environmental purposes. This percentage was specified in the Environmental Report No 1013/D6A1/00 of the Matsoku Partnership. Since it was considered that the system yield will not change substantially with small variation in the compensation releases from Matsoku Weir, all analyses were carried out using the diversion function as presented in Table 3.3.

Table 3.3:
Matsoku Weir diversion relationship

Riverflow

(m3/s)
Difference in head (m)

Inflow
0.00
1.90
3.80
7.61
11.41
15.21
19.01
20.91

Diverted flow
0.00
1.43
3.03
6.90
10.35
13.80
17.17
18.93

3.4 Reservoir and system operating rules

The schematic diagram of Phase 1 only of the LHWP is presented in Figure A-4 of Appendix A. Various operating scenarios were analysed to determine the rule that gives the maximum yield from the system. In all cases the maximum volume of water was transferred from Matsoku Weir, according to the diversion efficiency curve provided in Table 3.3. The operating rule that controls the transfer of water between Mohale and Katse was defined to be dependent on a selected level in Katse Dam and the operating mechanism was as follows:

If the water level in Katse Dam is below the selected level, water is transferred at an average monthly rate according to the relationship provided in Table 3.2 (K = 6mm). If the water level in Katse Dam is above the selected level, no transfer occurs.

Analyses were carried out for different positions of the control level in Katse Dam and it was found that the maximum yield was achieved when the level is equal to the Full Supply Level of Katse Dam. This operating rule was used for the transfer tunnel between Mohale and Katse dams in all scenarios analysed.

4. yield analysis description

The Senqu system schematic diagram with penalty structures is given in   Figure A-3 of Appendix A. Historic and long-term stochastic yield analyses were performed to determine the yield through channel 140. The new updated hydrology as described in the report “Lesotho Highlands Hydrology (PC 000/00/16996)” was used in the analyses. Phase 1A and 1B of the LHWP were analysed separately. The base scenario that was analysed included Phase 1A (Katse Dam only) and the second scenario (Phase 1B) included Katse Dam, Mohale Dam and Matsoku Weir. The treaty IFR releases were used in the analysis (0.5 m3/s for Katse Dam and 0.3 m3/s for Mohale Dam).

4.1 Historical yield analysis

4.1.1 Scenario 1: Phase 1A of LHWP

The base scenario analysed for the Senqu system (Scenario 1) includes the following:

· IFR releases as per treaty (0.5 m3/s for Katse Dam)

· The updated and extended hydrology (1920 - 1994)

· The updated water requirements at 1994 development levels

· Updated physical system data such as reservoir characteristics, pipeline capacity limitations etc.

The results of the various yield analyses for Phase 1A are given in Section 5.1.

4.1.2 Scenario 2: Phase 1A & 1B of LHWP

This scenario includes the same conditions as for Scenario 1 but with the following additions:

· IFR releases as per treaty (0.5 m3/s for Katse Dam, 0.3 m3/s for Mohale Dam and 0.0 m3/s for Matsoku Weir). The diversion efficiency curve presented in Table 3.3 allowed for a release of 14% of the MAR downstream of Matsoku Weir.

· Matsoku Weir in place with a maximum transfer capacity of 35 m3/s.

The purpose of this historical analysis was to determine the maximum historical firm yield of the full Phase 1 of the LHWP by changing the operating levels in Katse Dam and Mohale Dam. This yield result is then compared with the firm yield results of the full Phase 1 as obtained in previous studies.

The results of the various yield analyses for the full Phase 1 are given in Section 5.1.

4.2 Long-term stochastic analysis

Long-term stochastic yield analyses were performed for Scenario 1 and Scenario 2, as described in Section 4.1 for the historical yield analysis. The same operating rule as described in Section 3.4 was used for the stochastic analyses. The stochastic analyses were carried out using 201 stochastic flow sequences of 76-year length. Results of the analyses are given in Section 5.2 for Scenario 1 and Scenario 2.

5. analysis results

5.1 Historical yield analysis

The maximum historical firm yield obtained for the two scenarios are given in      Table 5.1 below:

Table 5.1:
Historic firm yield results

Scenario
MAR for total system

(million m3)
Historic firm yield

(million m3)
Yield increase

(million m3)

1 – Phase 1A
546
489.0
0.0

2 – Phase 1A & 1B
942
806.3
317.3

The results for Phase 1A of the LHWP were obtained with Katse Dam at an initial starting storage level of 2 028.59 m. The results for the full Phase 1 were obtained with Katse Dam at an initial starting storage level of 2 035.67 m and Mohale Dam at an initial starting storage level of 2 039.08 m. These starting storage levels were obtained from the long-term stochastic analyses. The levels represent the median storage levels of the stabilised stochastic analyses. The critical period for the entire system was October 1920 to October 1933. The detail water balances for Scenario 1 and Scenario 2 are given in Figure B-1 and Figure B-2 of Appendix B respectively while the draft versus yield diagrams for Scenario 1 and Scenario 2 are given in Appendix C, Figure C-1 and Figure C-2 respectively. The “Total Yield” in Figure C-1 and Figure C-2 is not limited by the capacity of the Katse-Muela transfer tunnel.

Section 6 provides comparisons of these results with previous studies.

5.2 Long-term stochastic analysis

Summarised details of the long-term stochastic yield analysis results are given in Table 5.2. The final stochastic results of Phase 1A of the LHWP were obtained after determining the median storage level of Katse Dam as 2 028.59 m. This level was used as the starting storage for the final long-term stochastic yield analysis. The final results of the full Phase 1 of the LHWP were obtained with the starting storage level of Katse Dam at 2 035.67 m and Mohale Dam at 2 039.08 m. These starting storage levels are representative of the long-term median storage levels.

The long-term stochastic yield reliability characteristic curves for the Senqu system are presented in Appendix D, Figure D-1 for Scenario 1 and Appendix D, Figure D-2 for Scenario 2.

Table 5.2:
Summary of long-term stochastic firm yield results

Scenario
Long-term stochastic firm yield at

indicated recurrence intervals


1:20 year

(million m3)
1:50 year

(million m3)
1:100 year

(million m3)
1:200 year

(million m3)

1 – Phase 1A
542.0
491.0
465.0
442.2

2 – Phase 1A & 1B
900.0
835.0
788.0
752.0

6. Comparison with previous studies

6.1 Historical yield analysis

The reduction in the MAR of the updated VRSAU hydrology in comparison with the previous hydrology as used in both the original VRSA and the Upgraded VRSA, is mainly a result of the revised hydrology. This can be seen from the results given in Table 6.1. A summary of the comparison of yield results for Scenario 1 and Scenario 2 as obtained from various studies is given in Table 6.1. From the comparison it can be seen that the decrease in the MAR also resulted in a decrease in yield of the same order.

Table 6.1:
Senqu system historic firm yield result comparison

Hydrology description
MAR for total system
Percentage change in MAR
Historic firm yield
Percentage change in yield


(million m3)
(%)
(million m3)
(%)

Scenario 1

Upgraded Vaal 1920-1983
584
-
534.0
-

VRSAU 1920-1994
546 (544)*
-6.5 (-6.8)*
489.0
-8.4

Scenario 2

Upgraded Vaal 1920-1983
987
-
917.1
-

VRSAU 1920-1994
942 (938)*
-4.6 (-4.9)*
806.3
-12.1

Note:     *
Figures in brackets represent the period 1920 to 1983

6.2 Long-term stochastic analysis

A comparison of the long-term stochastic yield results as obtained from various studies is given in Table 6.2. From the results given in Table 6.1 and Table 6.2 it is clear that the long-term stochastic yield results for both Scenario 1 and Scenario 2, show a similar reduction in yield than that obtained from the historical results.

Table 6.2:
Comparison of long-term stochastic firm yield results for the Senqu system

Hydrology description
Long-term stochastic firm yield at

indicated recurrence intervals


1:20 year
1:50 year
1:100 year
1:200 year


106m3
% diff
106m3
% diff
106m3
% diff
106m3
% diff

Scenario 1

Upgraded Vaal 1920-1983
585.0
-
555.0
-
535.0
-
520.0
-

VRSAU 1920-1994
542.0
-7.3
491.0
-11.5
465.0
-13.0
442.2
-14.9

Scenario 2

Upgraded Vaal 1920-1983
975.0
-
920.0
-
880.0
-
850.0
-

VRSAU 1920-1994
900.0
-7.6
835.0
-9.2
788.0
-10.4
752.0
-11.5

7. Conclusions

In this section the most important conclusions that can be drawn from the results, are listed.

· The revised hydrology used in the VRSAU resulted in decreases of between 7.3% to 14.9% in the long-term stochastic yield for both scenarios.

· The historic firm yield for Scenario 1 decreased by 8.4% and for Scenario 2 by 12.1%.

· The decrease in the historic and stochastic yield obtained for the Senqu Sub-system can be attributed almost entirely to the update of the hydrology.

· The start storage has a direct effect on the historic firm yield as the critical period is from October 1920 to October 1933, which is the beginning of the record period. The stabilised starting storage levels determined by the long-term stochastic analyses were used to determine the historical firm yield.

· No transfer losses are included in the yield determined for the Senqu Sub-system and therefore represent the yield available in Lesotho.

8. Recommendations

Based on the results from the analyses the following recommendations are made:

· Losses that will be experienced in the transfer of the Lesotho water to the Vaal System should be determined, as it will have a direct impact on the water available in the Vaal System. The system yield as determined in this study represents the available yield in Lesotho.
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List of Electronic Data Files

The Senqu Catchment

1. Naturalised streamflow data

1.1
Katse Dam
KAT9.INC

1.2
Malatsi Dam
MAL9.INC

1.3
Mashai Dam
MAS9.INC

1.4
Matsoku Weir
MAT9.INC

1.5
Mohale Dam
MOH9.INC

1.6
Ntoahae Dam
NTO9.INC

1.7
Oranjedraai
ORAN9.INC

1.8
Tsoelike Dam
TSO9.INC

2. Point rainfall data

2.1
Katse Dam
KAT9.RAN

2.2
Malatsi Dam
MAL9.RAN

2.3
Mashai Dam
MAS9.RAN

2.4
Matsoku Weir
MAT9.RAN

2.5
Mohale Dam
MOH9.RAN

2.6
Ntoahae Dam
NTO9.RAN

2.7
Oranjedraai
ORAN9.RAN

2.8
Tsoelike Dam
TSO9.RAN

3. Param.dat file
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Appendix A





Catchment figures and system schematics
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Figure A-1	Vaal River System: Locality Map			A-1





Figure A-2	Senqu Catchment			A-2





Figure A-3	Senqu System with penalties			A-3





Figure A-4	Senqu System (Phase 1) with penalties			A-4











Appendix B





System schematics with water balance
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Figure B-1	Senqu system: Phase 1A		B-1





Figure B-2	Senqu system: Phase 1A & 1B		B-2
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List of electronic data files




















Appendix D





Long-term stochastic yield reliability characteristics
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Figure D-1	Senqu system: Phase 1A		D-1





Figure D-2	Senqu system: Phase 1A & 1B		D-2








Appendix C





Historic yield response diagrams
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Figure C-1	Senqu system: Phase 1A		C-1





Figure C-2	Senqu system: Phase 1A & 1B		C-1
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