Chapter 7:

alternative water uses









introduction



General



The following chapter contains a summary of the report Future Water Use in the Cunene River Basin included as Appendix 12 to the Project Formulation Report.



The year of commissioning the Epupa Hydropower Project is assumed to be 2005.  The report deals with the short-term development (until 2005), and the long-term development covering another 30 years.  The assessment of the future water use dealt with in this study actually covers the 40-year period of 1995 to 2035. 



The hydrological study has established the maximum available volume of water within the Cunene river basin. The future consumptive water use in the Cunene river with regards to irrigation, agriculture, domestic water supply, and industrial consumption, imposes abstractions from the available water volume, reducing the available water flow for hydropower generation at Matala, Ruacana, Epupa and in the longer term also for other possible hydropower projects in the Lower Cunene.



Objective and Methodology



The objective of the study of alternative use of the Cunene waters is to review and summarise information on existing and future projects and development plans in Angola and Namibia, and make an assessment of their present and future influence on the Cunene water regime. 



An assessment has been done of the potential changes in the river flow caused by the realisation of water use projects, and their effects on the Epupa scheme in terms of power production and economic value.  A specific objective has been to analyse the effects on the hydropower potential from the Gove regulation. 



It is part of the study objective to provide and discuss the essential contents of the existing agreements on the Cunene as well.



Sources of information have included previous investigations and studies, contacts with regional, national and local concerned authorities, agencies and institutions, as well as field inspections.  Information held by Portuguese libraries has been collected during a visit to Lisbon in December 1995 and through contacts with Portuguese consultants, who have worked with the Cunene river recently in the past.  Discussions have been held with LNEC on the Master Plan Study and some information has been exchanged, but the Terms of Reference and timing of the two studies is not ideal for close interaction.



Generally most of the future potential projects have only been identified and not more than briefly studied, and consequently the quality of the information varies between projects. 



Nevertheless practically all existing and identified potential projects in the Cunene river basin have been described with regards to their intended purpose and salient features.



Three scenarios for future water use have been established to be analysed using simulations with the NAMANG river model, to demonstrate the impact on the energy generation potential of the Epupa alternatives. The result is presented in the sensitivity analysis in Chapter 9, Section 9.5.



the cunene river basin



General



The Cunene river has its source in the highlands of south western Angola in the vicinity of Huambo at an elevation of about 1750 m.a.s.l. The river flows southward for 660 km to Calueque, where the river turns westward for approximately 390 km before discharging into the Atlantic Ocean. The catchment area of Cunene is 106,500 km2 of which 92,400 km2 lie within Angolan Territory and 14,100 km2 in Namibia.



Based on planned developments there are three different reaches of the river with different development prospects that can be discerned:



The Upper Cunene, in the Huambo Province, starting where the river has its source and most of the runoff is generated, and stretching south of Matala dam to Matunto.  The Gove Dam is located in this area and potential for regulation and hydropower schemes are favourable.



The Middle Cunene, in the south of Huila and partly in the Cunene Province as far as Calueque.  The river gradient is gentle here and the largest bridge across the river used to be in Xangongo.  Along this reach, mostly agriculture and cattle breeding prospects are identified.



The Lower Cunene, from Calueque to the river mouth, where the Ruacana and the Epupa Projects are located.  This reach corresponds to an elevation range of about 1 100 m and contains a large potential for hydropower schemes.



Studies of the Cunene Basin



The most comprehensive studies of the Cunene river basin were performed during the 1960s by the Portuguese Study Group and the South African Study Group.  The findings of these studies became the foundation for the Master Plan of the Cunene River Basin 1967, and the negotiations for the implementation of the Gove Dam, the Calueque pumping scheme, and the Ruacana hydropower project.



	The Master Plan included some 30 projects which quantitatively can be summed up to a total active storage capacity of 16,000 Mm3, a total installed capacity in power plants of 2500 MW, a power generation potential of 11,000 GWh, an irrigation area of 150,000 ha, and a water supply network for human and cattle requirements covering an area of 350,000 ha.  The share of the costs for each of the three main purposes proposed in the Master Plan were estimated at 35 % for hydropower including regulation, irrigation 64 % and cattle breeding 1 %.



As a result of the commitment made by the Portuguese Government during SADCC’s Annual Consulting Conference in February 1988 in Arusha, Tanzania, some studies were performed as a basis for the updating of the “Plan for Integrated Utilisation of Water Resources in the Cunene Basin”.  The ensuing report (ICE, MEP, SADC, 1989) defines the objectives and scope of the required studies.



The main partners in the continuation of these studies are the Instituto de Cooperação Português (ICP) and the Laboratório Nacional de Engenharia Civil (LNEC) in Portugal. This study is referred to as the ”Updating of the Master Plan of Cunene River”, and is currently being performed.



Summary of Existing Projects



Gove:



	Gove is the only among the large reservoir schemes identified in the Master Plan upstream of Matala that has been built to date.  The objective with the Gove Dam project is:



-	regulation for optimal hydroelectric power generation at Matala and Ruacana;

-	storage of water to supply irrigation along the middle Cunene River within Angola and to generate hydroelectric power for local consumption.



Due to the war in Angola the Gove dam has not been used for regulation as intended. The dam has been sabotaged and at present the dam is not capable of regulating water.  It is also out of the control of the Empresa Nacional de Energia (ENE) for military reasons. Restoration plans are being discussed.



Matala:



This was the first scheme to be built in the Cunene Basin in 1954 by the Portuguese government.  The objectives of the Matala Dam are:



  -	to generate hydroelectric power for use in Angola;

  -	provide storage for primary water supply to local development and irrigation.



The Matala scheme included a dam, irrigation scheme and related supporting infrastructures, and changes in agriculture and cattle production.  In 1975, work on the extension of the irrigation scheme and on the Capelongo settlement was interrupted.  



	The 3500 ha irrigation scheme below Matala Dam, developed during the colonial time, has been non-operative for many years due to severe degradation of the main canal and of the secondary and tertiary irrigation networks.  Upgrading of the irrigation mains from Matala to Capelongo has been planned for but the work was interrupted due to lack of funds.



Calueque:



Construction of the Calueque dam started in 1972, but was never completed and the works were abandoned in 1976 due to deteriorating war conditions in the region.  The appointed joint Task Force for Calueque has proposed different measures to upgrade the dam.



The objectives of the Calueque Dam Project are:



-	to supply water for consumptive use and initial irrigation in northern Namibia;

 -	to provide storage for some irrigation downstream of the dam within Angola.

-	regulation storage for optimum power generation at Ruacana;



The existing agreement between the governments of Angola and Namibia provides for the water supply to northern Namibia at a maximum of 6 m3/s.  In the long term Namibia has indicated an intention to increase the abstraction to 12 m3/s.



Chibia and Neves:



The Chibia and Neves schemes, situated in the Caculuvar river, include storage for irrigation.  Rehabilitation of the Chibia scheme is partially completed. Work at Neves mainly concerns the storage dam at this stage.



Quiteve-Humbe:



The Quiteve-Humbe scheme mainly concerns facilities for water supply.  The irrigation system included an experimental area of 175 ha.  Further development and rehabilitation is planned.



Ruacana:



The construction of the Ruacana Hydroelectric Power Scheme started 1973 and the first unit was commissioned in April 1978.  In June 1990 the present three units were uprated to 83 MW each.  The mean annual generation potential with 3 units running is about 1100 GWh. 



Past Agreements and PJTC



The multi-purpose use of the Cunene river has been regulated under various agreements, initially entered into between the Republic of Portugal and the Union of South Africa, which were ratified 1990 by the People's Republic of Angola and the Republic of Namibia.  The agreements of importance are the Second Border Agreement and the First Water Use Agreement in 1926, the Agreement between the Government of Portugal and the Government of the Republic of South Africa in regards to rivers of mutual interest and the Cunene Scheme in 1964, the Agreement between the Republic of South Africa and the Government of the Republic of Portugal in regard to the First Phase Development of the Water Resources of the Cunene River Basin in 1969. 



	The most important provision set forth in the agreements for the future multi-purpose developments of the Cunene river, being the equal rights to the water resource and joint utilisation thereof in the best common interest of  the two nations



	The existing agreements however exclusively deal with the developments upstream in Angola, the Ruacana hydropower scheme and the Calueque water diversion. 



Thus the utilisation of the river reaches downstream of Ruacana, such as a hydropower scheme in the Lower Cunene, has to be subject to negotiations of a new agreement between the countries.



As the Lower Cunene is a joint water resource, in which Namibia has a main interest as regards the share of its hydropower potential, the fact that most of the catchment lies within Angola offers a variety of water use options to the benefit of Angola,  and accordingly places the development objectives of the two countries somewhat differently.



The Permanent Joint Technical Commission (PJTC) was initially established January 21 1969, following an agreement between the Government of Republic of Portugal and the Government of the Republic of South Africa. On September 18, 1990, the new Governments of the Peoples Republic of Angola and the Government of the Republic of Namibia entered into an agreement on general co-operation and creation of a joint commission of co-operation. Included in this agreement was also the terms of reference for the renewed PJTC.



PJTC is appointed to act solely in an advisory capacity and in its TOR, among other tasks, is stated that:



-	PJTC shall revise the hydrological studies of the Cunene carried out by both countries

-	PJTC shall give advice whether the works constructed in Angola by the South African Authorities have been completed in terms of the contract documents.

-	PJTC shall submit proposals concerning surveys, studies and investigations considered essential for the discharge of its duties.



With the above in mind the central role of the PJTC is undisputed regarding the development of the Cunene River.



Assessment of the future water use in the cunene basin



In order to assess the future water use in the Cunene basin, the potential water resource projects, the industrial development programs, the basic features of irrigation, livestock and water supply have been identified, described and evaluated.  For further information reference is made to the report ”Future Water Use in the Cunene River Basin”. 



Projects to be Rehabilitated in the Short-Term



In the short-term, 1996-2005, no new large water resource project, apart from the Epupa scheme, are envisaged to be built in the Cunene river. The general consensus in Angola is that the development trend is likely to be to rehabilitate schemes which were fully or partly developed earlier.  Projects which are likely to be rehabilitated in the short term are presented in the table below.  The consequences of a more accelerated development on the selected hydropower project in the short-term, will be further addressed during the feasibility study.

	

	Table 7.3.1	Assessment of rehabilitation projects in the short-term range





Project�Estimated Year

of completion�Description

��Gove�2005�Fully operable according to original plans

- for two of three scenarios��Matala�2000�Fully rehabilitated to 3500 ha under irrigation 

- for all scenarios��Quiteve�2005�Water supply and 500 ha for irrigation

- for all scenarios��Calueque�2000�Upgrading of regulation capacity to 35 Mm3

- for all scenarios��Neves-Humpata

and Chibia�

2005�Upgrading of irrigation systems to 500 ha

- for all scenarios��



Development in the Long-Term



In the long-term, 2005-2035, it is obviously much more difficult to assess the probable development.  Among the projects in the Cunene, the hydropower projects Jamba-Ia-Oma and Jamba-Ia-Mina would likely be implemented during the period.  These projects in addition to power generation, provide sizeable reservoir regulation, and thus significantly affect the river flow regime of the lower Cunene.



In the middle of Cunene the schemes Quiteve-Humbe, Donguena, Catembulo and Cova do Leão have been identified as the major candidates.  The study suggests that these schemes would be possible to develop at a pace of 900-1200 ha per year.  A development at this rate would require substantial funding as the cost for each hectare can be estimated at 12-15 thousand USD.



The assessment of the likely irrigation development in the Middle and Upper Cunene, is the most crucial part regarding the future availability of water in the river.  Therefore the proposed scenarios focus on variations in this respect, and represents a range of future development magnitudes.  The presented scenarios cover a development rate at 1200 ha per year down to 600 ha per year, with one scenario at 900 ha per year.



Regarding possible future projects in the Lower Cunene, they would on the basis of the present conception of the Lower Cunene development, either be run-of-the river projects between Ruacana and Epupa or medium sized storage projects downstream of Baynes.  A possible larger storage project at Marienfluss following development of Epupa and/or Baynes is not considered in this study.



Assumptions Concerning Water Demand



	In the following the basic assumptions regarding water demands on domestic use, stock drinking, mining and industry, and irrigation are presented for each of the three scenarios.

	

Domestic Water Demand in Angola



For the purpose of this study the specific water use for domestic purposes for urban population is taken as 100 l/c/d.  For rural population the figure 50 l/c/d is suggested, although it is about twice what has been previously reported.  On top of these figures, an annual increase of 0-2 % is used for the calculations of the scenarios.  The urban population using Cunene waters is taken at 50 000 in year 2000 with an annual growth of 1-3 %.  Corresponding figures for the rural population is 200 000 and 0.5-1.5 % annual growth.  For service industries 20 % of the calculated figures for urban population is added.

	

Livestock Consumption 



For the scenarios the number of cattle is taken as 500 000 for the year 2000 with an annual increase at 1-3 %.  The daily consumption for each cattle is assumed to be 35 l. For sheep and goats the number is taken as 100 000 at year 2000 with the same 1-3 % increase and with a consumption of 10 l/c/d.

�Mining and Industry



For the Cassinga mine, together with the planned exploitation of granites and other possible mining projects, as well as other industrial demands the annual increase in water consumption can be taken as 0.5 Mm3.  This would imply a gradual expansion of the Cassinga mine to a production in the order of 2 million tonnes in the year 2000.

	

Irrigation



The area under irrigation is taken at 3500 ha in the year 2000, representing the rehabilitation at Matala.  Thereafter the annual growth is varying from 600 ha to 1200 ha for the different scenarios.  Net irrigation demand at 15 000 m3/ha/a altogether seems to be a realistic estimate for the purpose of this study.  The seasonal distribution of the irrigation demand has not yet been finally evaluated as somewhat contradictory information is so far available, and has to be addressed further during the feasibility study.  Until the final evaluation is made the figures below are used (percentage of annual total).



Oct�Nov�Dec�Jan�Feb�Mar�Apr�May�Jun�Jul�Aug�Sep��4.3�6.2�9.3�12.1�13.1�13.1�12.1�10.0�7.2�5.2�3.8�3.6��

Water Supply for Namibia at Calueque



In summary 189 Mm3 per annum (6 m3/s) may be withdrawn from the Cunene and allowance should be made for a doubling of this figure in the year 2020 or later.  This  assumption is used for Scenario 1 below.  For Scenario 2 an increase of 3 m3/s is made in 2020 and for Scenario 3 no increase is made.  This to reflect the finding that it appears doubtful at present that irrigation schemes can be justified sole on economic grounds in Northern Namibia.



presentation of scenarios of future water use



Three development scenarios of the future water use in the Cunene river are proposed based on the findings in the report ”Future Water use In the Cunene River Basin”. 



Figure 7.4.1 and Table 7.4.1 present the development of water use, i.e. abstractions from the river flow, in 5�year steps.



NAMANG suggests that the scenarios already presented to the PJTC, serve as two of three alternatives for the future water use.  In addition NAMANG proposes a third scenario in which development at a lower pace than is assumed. 



	The water use scenarios will serve as a basis for sensitivity analysis of the selected scheme at feasibility level.
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		Figure 7.4.1	Graphical Presentation of the Water Use Scenarios (compare Table 				7.4.1)

�		Table 7.4.1	Summary of the Future Water Use Scenarios



�1995�2000�2005�2010�2015�2020�2025�2030�2035��

Domestic Water Demand in Angola�����������I       50’ 3%,  100 l/c/d 2%  +  200’ 1.5%,  50 l/c/d 1.5%�5.0�5.8�7.1�8.8�10.7�13.2�16.2�20.0�24.6��II     50’ 2%,  100 l/c/d 1%  +  200’ 1%,     50 l/c/d 1%�5.0�5.8�6.6�7.4�8.3�9.4�10.6�12.0�13.5��III   50’ 1%,  100 l/c/d 1%  +  200’ 0.5%,  50 l/c/d, 0.5%�5.0�5.8�6.0�6.3�6.5�6.7�6.9�7.2�7.4��

Stock Drinking�����������I       500’ 3%,  35 l/c/d  +  100’ 3%, 10 l/c/d�6.4�6.8�7.8�9.1�10.5�12.2�14.1�16.4�19.0��II     500’ 2%,  35 l/c/d  +  100’ 2%, 10 l/c/d�6.4�6.8�7.5�8.2�9.1�10.0�11.1�12.2�13.5��III   500’ 1%,  35 l/c/d  +  100’ 1%, 10 l/c/d�6.4�6.8�7.1�7.5�7.8�8.2�8.7�9.1�9.6��

Mining & Industry�����������I       4 mill m3 in 2000 + 0.5 mill m3/yr�2.0�4.0�6.5�9.0�11.5�14.0�16.5�19.0�21.5��II     4 mill m3 in 2000 + 0.4 mill m3/yr�2.0�4.0�6.0�8.0�10.0�12.0�14.0�16.0�18.0��III   4 mill m3 in 2000 + 0.3 mill m3/yr�2.0�4.0�5.5�7.0�8.5�10.0�11.5�13.0�14.5��

Irrigation�����������I       3500 ha in 2000 + 1200 ha/yr, 15 000 m3/ha/yr �15.0�52.5�143�233�323�413�503�593�683��II     3500 ha in 2000 + 900 ha/yr, 15 000 m3/ha/yr�15.0�52.5�120�188�255�323�390�458�525��III   3500 ha in 2000 + 600 ha/yr, 15 000 m3/ha/yr�15.0�52.5�97.5�143�188�233�278�323�368��

Domestic water demand in Namibia�����������I       25 mill m3 in 2000 + 7%/yr�17.0�25.0�35.1�49.2�69.0�96.7�136�190�267��II     25 mill m3 in 2000 + 5%/yr�17.0�25.0�31.9�40.7�52.0�66.3�84.7�108�138��III   25 mill m3 in 2000 + 3%/yr�17.0�25.0�29.0�33.6�38.9�45.2�52.3�60.7�70.3��

Irrigation in Owambo�����������I       up till 6 m3/s + 6 m3/s from 2020�77.5�164�154�140�120�281�242�188�111��II     up till 6 m3/s + 3 m3/s from 2020�77.5�164�157�148�137�217�199�175�146��III   up till 6 m3/s �77.5�164�160�155�150�144�137�128�119��

Scenario I    Total in mill m3/year �

123�

258�

353�

448�

544�

830�

927�

1026�

1126��                                 in m3/s�3.9�8.2�11.2�14.2�17.3�26.3�29.4�32.6�35.7��Scenario II   Total in mill m3/year�123�258�329�400�471�637�709�781�854��                                 in m3/s�3.9�8.2�10.4�12.7�15.0�20.2�22.5�24.8�27.1��Scenario III  Total in mill m3/year�123�258�305�352�399�446�494�541�588��                                 in m3/s�3.9�8.2�9.7�11.2�12.7�14.2�15.7�17.2�18.7��	



		Note: Refer to section 7.3.3 above concerning details
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