Chapter 1:


INTRODUCTION











general background





The 1965 Agreement





The Governments of Angola and Namibia ratified in 1991 the 1969 Agreement on the Cunene river, initially entered into by the Republic of South Africa and the Republic of Portugal.  





In doing so the 1969 Master Plan of the Cunene river was accepted as a general official guideline for the develop�ment of the Cunene river. 





The 1969 Agreement was based upon rather extensive studies,  carried out by Portuguese and South African Study Groups, responsible for the studies in the Upper and Lower Cunene respectively. 





The studies were, however, mainly technical and little focused on the environmental aspects of the development potentials.





With regard to hydropower development, the recom�mendation of the studies was that Ruacana should be built as the first hydropower project in the Lower Cunene, followed by the Epupa project, at that time envisaged as a two-stage development, Epupa I and II. It was envisaged that the main regulating reservoir in the Lower Cunene would be built at Epupa, and in harmony with the growing electricity demand further projects would follow downstream of Epupa, at Baynes and the Marienfluss sites.





The Agreement of 1969 resulted in the building of the Gove regulation dam in Angola south of Huambo,  the Ruacana hydropower scheme located on the border at Ruacana, for the supply of electricity to Namibia, as well as the Calueque Water Scheme for supply of much needed water to the northern parts of Namibia.





The Prefeasibility Study of the Epupa Hydropower Scheme





After the formation of the Permanent Joint Technical Commission for the Cunene River (PJTC) between the Governments of Angola and Namibia, Namibia took the initiative to launch further studies of a hydropower project in the Epupa region.  In 1992 a Pre-Feasibility Study was staged with the objective to assess the Epupa hydropower project from a technical, economic and environmental point of view, and advise on the suitability to embark upon a more detailed feasibility study.





The Pre-Feasibility study focused on three alternative hydropower projects in the Epupa area, based on identified suitable dam sites A, B and C.  Alternative A would be located upstream of the Epupa Falls, whilst alternative B and C would be located downstream of the falls.  The dam at B would be inundating the Epupa Falls and the large colluvial plains up�stream the proposed dams, i.e. the Epupa area.  The dam at A could enable an artificial preservation of the falls, but the reservoir created by the dam would be equal to alternative B with regard to inundation upstream.  By building a dam at location C, the power potential of A+C would be comparable to alternative B. 





The technical and economic studies turned out slightly in favour of alternative B, but it was recommended that further studies should not exclude any of the alternatives.





The preliminary environmental impact assessment done in the Pre-Feasibility Study, however, identified several po�tential environmental and social consequences that could eventually result from a hydropower develop�ment in the Epupa area.








CONTRACTUAL BACKGROUND for the feasibility study of the epupa hydropower scheme





The Project





The name of the project is the “Feasibility Study for the Epupa Hydropower Scheme”.  It is purely a study to investigate and assess the technical feasibility, economic and financial viability and environmental impact of a possible hydropower scheme to be constructed in the Epupa area.





The term Epupa has been used through the course of the investigations in different contexts.  It has basically been used to describe dam sites in the region of Epupa Falls, i.e. between elevations 510 and 710 m above sea level.  It has, however, also been used to describe the overall project, including the Baynes site, down to elevation 380 m above sea level, when reference is made to a future hydro project being constructed in the Epupa area.  Consequently the project title “Epupa Hydropower Scheme” also includes Baynes.





This multiple use of the term Epupa has been carried through to this report.  To avoid confusion the reader is asked to be aware of the context when the term is used.





It should also be mentioned that Baynes in previous studies has been called site E and that both these terms are used in this report.





The study is financed by NORAD and SIDA with NORAD acting as the lead donor agency.





Client Profile





The Government of the Republic of Angola and the Government of the Republic of Namibia, represented by the Permanent Joint Technical Commission of Angola and Namibia on the Cunene River Basing (PJTC) is the Client for this project.





A sub-committee of the PJTC has been established and is, on behalf of the PJTC, responsible for the day-to-day administration and management of the project.





To ensure the environmental component of the study conforms with the latest international requirements and expectations, the International Union for the Conservation of Nature (IUCN) is assisting the PJTC and advise in this regard.





The Consultant





The name of the Consultant is NAMANG.  This is a consortium comprising Norconsult International A.S. (NI) of Norway, SwedPower AB (SP) of Sweden, Burmeister & Partners (BAP) of Namibia and SOAPRO, Lda. (SOA) of Angola.  NI is the consortium leader.





The project also includes topographic mapping, geological field works and laboratory analysis.  These works have been subcontracted and the contract have been approved by the Client.





A Consortium Agreement between the four partners was signed in January 1995.





Work Progress





The contract between PJTC and NAMANG was signed in March 1995 and became effective in June the same year.





According to the Terms of Reference the Epupa development should be contained within the river reach between elevations 710 and 510 m above sea level.





The public concern, as expressed at public hearings and in the local and international me�dia about the potential environmental impacts related to hydropower development at Epupa, encouraged PJTC and NAMANG to expand the study with alternative project sites along the Lower Cunene. Sites that, if possible, would reduce the negative environmental and social impacts, but maintaining an acceptable power generation potential.





In the beginning of the Feasibility Study seven different sites, including the A, B and C sites of the Pre-Feasibility Study, the Baynes (E) and the Marienfluss sites, were therefore considered and screened from both technical and environmental perspectives on a relative scale.  For the purpose of evaluation a closer field reconnaissance survey was undertaken in connection with the first site visit in August 1995, with the aim to verify general findings of the initial desk studies.





Following the site visit construction cost estimates were made for the identified scheme alterna�tives and simplified simulations were carried out of the power generation potential for each specific scheme alternative.  A rapid comparative relative environmental screening was made for the different alternatives.





The result from these initial studies and field inventories were presented to the Supervising Committee of the Feasibility Study (SCFS) and discussed at the SCFS meeting on 31 August 1995.  Thereafter further work was undertaken in the Consultant’s home office and a report called "Scheme Alternatives in the Lower Cunene-Comparative Study" was presented to PJTC in October 1995.  It was later decided by PJTC that the alternatives to be included in the Epupa Feasibility Study and compared in the Project Formulation Report  would be  (see Figures 1.1 and 1.2):





¥	Epupa site A upstream of Epupa Falls in combination with site C downstream of Epupa Falls





¥	Epupa site B downstream Epupa Falls





¥	Site E at the Baynes mountains





The Inception Report, including details on study methodology, topographic mapping and geological field investigations, was also completed in October 1995.
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Figure 1.1	General Location
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Figure 1.2	Location of Dam Sites


�
Subcontracts for topographic mapping, geological field investigations and laboratory analysis were awarded after approval of SCFS and these works have been successfully concluded.





The Project Formulation Report is two months behind schedule.  However, the Final Feasibility Report is scheduled for completion by 1 July 1997, as originally envisaged.





NAMANG issues monthly Progress Reports to the SCFS, and PJTC also informs the donors formally by semi-annual Progress Reports.








The project formulation report





Report Objectives





The Contract for the Feasibility Study of the Epupa Hydropower Scheme is carried out in two phases.  These are:





The Project Formulation Phase


The Feasibility Study Phase





Phase 1 commenced as soon as the Contract was effective in June 1995 and terminates with the issue of this report on 1 October 1996.





Phase 2 is envisaged to commence 1 December 1996 and be completed 1 July 1997.





The purpose of the Project Formulation Report is to present the results of the technical/economic site assessment and comparative environmental assessment of the various sites in the Epupa region also including Baynes.





The main objective of the Project Formulation Report is to provide PJTC and its executive committee SCFS with a sufficient basis to arrive at a conclusion on which scheme to be selected for the feasibility phase.  The selected scheme will then be subject to detailed technical and economic studies as well as a full environmental impact assessment to be presented in the Feasibility Study Report.





The selection of which scheme to bring forward to the feasibility study phase should be based on technical, economic and environmental considerations.





Alternative Sources of Energy





The TOR for the feasibility study of the Epupa Hydropower Scheme include evaluation of the recommended hydropower scheme with alternative sources of energy.  This shall be done in accordance with requirements defined by international lending institutions.





On the basis of questions and general interest in this matter expressed during the public hearing in Windhoek in January 1996 and on other occasions, it is important to emphasise that evaluation and comparison of the selected hydropower scheme with alternative sources of energy is not part of this Project Formulation Report.





It will, however, be thoroughly treated in the Feasibility Study Report scheduled for July 1997 when the selected hydropower scheme will be compared and evaluated with alternative sources of energy.  These will include thermal electrical generation based on coal and gas, import of electricity, as well as alternative renewable sources such as wind and solar energy.  Demand side management issues are not included in NAMANG’s brief for this study.





Report Layout





According to the Terms of Reference the technical/economic and environmental components shall be carried out concurrently but presented in separate reports. The environmental study is carried out independently from the technical/economic study with regard to all professional matters.





Conclusions and recommendations, however, have to be based on both technical/economic and environmental considerations.  For this reason the structure of the Project Formulation Report is as follows:





-	Part I,	Summary


-	Part II,	Technical/Economic Site Assessment


-	Part III,	Comparative Environmental Assessment





The Summary  includes this introduction as Chapter 1.  Thereafter brief descriptions of the physical characteristics of each scheme are given in Chapter 2.  This chapter also includes general background information on hydropower projects and may therefore enable this Summary to be used for a broader public.  Chapters 3 and 4 offer main technical/economic and environmental considerations respectively, without going into detail.





Chapter 5, Synthesis, discusses the technical/economic and environmental aspects and also presents NAMANG’s conclusion and recommendation.





Part II, Technical/Economic Site Assessment, provides all technical and economic characteristics for the schemes relevant for the project formulation phase.  As already explained, no recommendations are given here.  This part comprises two volumes, i.e. Vol. 1, Main Report and Vol. 2, Appendices.  Volume 2A includes appendices 1 through 8 and Volume 2B appendices 9 through 17.





Part III, Comparative Environmental Assessment, details the necessary basis for comparing the environmental impact of the schemes.  As in Part II, no recommendations are given.  This effort is carried out as an independent exercise by a team of international and local scientists whose conclusions are free-standing from the technical/economic findings.








problem definition





Power Demand





Growing demand for electric power in Namibia has focused attention on the need to secure a sufficient power supply to the country.  The solution in the short term is to increase the import of electric power from South Africa through construction of an additional 400 kV transmission line.  This step has been initiated.





In the medium term various options are available, such as domestic thermal power plants, further extension of electric power imports, hydropower from the Lower Cunene, and alternative sources of energy.





Demand forecasts are necessary for the power system simulations and have been included in this report.  Comparison with alternative sources of energy will be carried out in the feasibility phase (ref. paragraph 1.3.2).





Bi-national Considerations





The Cunene river from Ruacana to the outlet in the Atlantic ocean establishes the border between the Republics of Angola and Namibia.  In accordance with recognised international water law practice, both countries should agree on river development.  The question of bi-nationality is an important aspect in this study and will be treated in detail for the feasibility phase and presented in the Feasibility Report.





For the purpose of this Project Formulation Report the bi-national issue is discussed in relation to access and power plant location.  The power plant locations have here been chosen according to technical and economic criteria only, and indicative cost implications of locations on the opposite side have been given.  This will be further elaborated in the feasibility study for the selected scheme.





Project Financing





Economic and financial analysis including project financing, are subjects of great importance and are also part of the TOR for this study.  This Project Formulation Report only includes a simplified economic analysis sufficient for power system simulations for the purpose of scheme selection.





Complete economic and financial analysis according to standards of international lending institutions will be prepared in the feasibility phase and presented in the Feasibility Report.





Environmental Considerations





During the process of studying hydropower development in the Epupa region, a number of environmental concerns have been raised.  Some of the most serious consequences of the Epupa Hydropower Scheme have been identified as:





-	Loss of the riparian and seasonal stream habitats upstream of Epupa Falls.





-	Impact on the downstream aquatic habitats, including the Cunene River Mouth.





-	Impact on the local population and their natural resource use along the river.





-	Loss of the Epupa Falls area.





The range of environmental and social issues under study is complex and does not lend itself to straightforward analysis as do the technical issues.  The Comparative Environmental Assessment is therefore presented as a scientific evaluation using a worst case scoring method supported by base-line information and narratives of the many dimensions and perspectives involved.





�
project formulation report methodology





Technical/Economic Studies





To enable a comparison between the identified hydropower alternatives the topographic mapping of the areas affected by the development has been undertaken.  The map information has been used for the preliminary design of the schemes, for estimates of quantities and for cost estimates.  The topographic map information has provided accurate information about the characteristics of the reservoir area and the respective capacities of the water storage reservoirs connected with each scheme alternative.  The profile of the Lower Cunene has given information about the riverbed level from Ruacana to the coast and the local river gradients and the gross head of each alternative.  The topographic map information has given a sufficient basis for the Feasibility Study to design each alternative in an optimal manner.





Refined preliminary design and optimisation of the selected scheme will be undertaken in the feasibility phase.  The level of design and optimisation in this report is sufficient for the purpose of scheme selection.





The hydrological studies on the Cunene River have improved the streamflow information, the evaporation from open water along the river, and estimates of extreme flood events. These studies were the basis for design of the projects and estimates of generation potential.  Assessment of the sediment yield of the river has been made on the basis of theoretical considerations and empirical information from other river basins.





In almost all hydropower projects the geology of the project site and reservoir area is of crucial importance.  Geological field surveys and sub-surface explorations have been carried out for all scheme alternatives under considerations, and have provided results very favourable to construction of dams and power stations in the selected locations, as well as for the safe accommodation of regulating reservoirs upstream of the dams.





On the basis of the results of the field investigations, engineering and design of the projects have been made with regards to dam type, spillway, water conduits, power house, electrical and mechanical equipment and power transmission system.  The engineering studies have included estimates of construction costs for the project alternatives.  The design optimisation for major project features has been determined by comparing costs and benefits of varied design parameters.  The accuracy of the optimisation and the design is sufficient for the purpose of this Project Formulation Report.  Environmentally motivated design features and mitigation requirements will be incorporated in the Feasibility Report.





The future operation of the hydropower project alternatives has been simulated with the Namibian power system receiving the generated energy.  The general implication of this approach is that the hydropower projects have been analysed as part of the Namibian power system, and are thus co-generating with other sources of supply.  The criterion for the selection of best scheme alternative thus corresponds to the overall least cost of power to the Namibian system over the study period from 1999 to 2020.





Environmental Considerations





Environmental studies have been carried out in parallel with technical studies although not in complete synchronisation.  The environmental team considers that sufficient environmental and social information has been collected and analysed at this stage to compare the different site alternatives for hydropower development.  Six completed studies, nine interim reports of nearly completed work and one ongoing survey, primarily carried out by bi-national teams of scientists, form the basis for the Comparative Environmental Assessment included as Part III of this Project Formulation Report.  Joint field work periods have been accomplished in four instances but access restrictions to the field area have in other cases prevented this and also moved field work away from optimum periods of study.





The Comparative Environmental Assessment is focused on evaluating environmental differences between the three potential hydropower site alternatives.  Only adverse impacts of different nature and severity are considered in this phase.  The next phase includes a full EIA of the selected alternative with mitigation and monitoring plans, environmental management considerations and other measures necessary for developing a sound scheme solution.





The approach and criteria for evaluating the environmental characteristics of the different hydropower alternatives has been formally agreed between the NAMANG and the Client and discussed with the sectoral specialists at several occasions during the process (April, June and August 1996).





The comparison of alternatives presented in this report is based on a scientific eval�uation of the areas to be affected by inundation, infrastructure, construction, labour camps, water diversion from tunnelling etc.  Separate assessments are made for the construction  and operation phases respectively and the evaluation is not limited to an assessment of the direct impacts of the proposed project (loss of habitats, loss of natural resources, etc.) but include also an assessment of indirect impacts, such as barrier effects for wildlife and man, secondary impacts on geomorphological and ecological processes, etc. 





The assessment of the environmental impacts needs an integrated view, taking into account the functioning of the ecosystems and human resource use of the ecosystems affected.  Each environmental specialist has made an inventory and evaluation of new and old base line data on the environment, using intradisciplinary methods.





A method of weighing the results of the sectoral studies must be applied in order to evaluate and compare the different dam alternatives.  For this comparative study a modified matrix ap�proach, summing high impact scores, has been used.  This approach is based on the description and analysis of the major land-systems (key-habitats) of the alternative areas, and it uses sectoral studies by study scientists as a point of departure with other subject areas being introduced for evaluation of further dimensions of the comparative assessment.





The following steps have been followed in the comparison of alternative hydropower sites which focuses on high impact rankings to identify the environmentally least desirable scenarios:





Expert studies of the physical, living and human environments;





Habitat evaluation of rarity and diversity;





Preliminary impact assessment of key parameters for each sectoral study and site during the construction phase and the operation phase respectively;





Impact ranking by summing up high scores for subject area (sectoral study) being assessed;





Final comparison of impact of the different hydropower alternatives.





Considerable professional judgement has been exercised in crafting and applying a systematic analysis and ranking of the non-commensurable entities involved in this comparative environmental assessment.  As relevant for each sectoral study or subject area assessed, the following parameters have been used:





¥	Diversity


¥	Rarity


¥	Sensitivity to change


¥	Barrier effects


¥	Research interest


¥	Size of area


¥	Human population


¥	Attitudes to change


¥	Livestock population


¥	Land-use


¥	Tourism and recreation


¥	Health


¥	Cultural sites (archaeology, graves, etc.)





Some of the parameters are relevant for physical, living and human environments whereas others only refer to individual environmental concepts.  Separate assessments are made of potential wilderness changes and effects on the Cunene Delta Complex as supplements to evaluating above parameters for each sectoral study.





In the evaluation a relative scale, i.e. low, moderate and high, is used for the ranking. In the weighting process the sum of high rankings is used for differentiation, rather than as true scoring.  A step-wise approach is used starting with the intradisciplinary surveys as presented in the different topical studies, followed by a compilation of information described under steps 2-5 identified above.





Based on the resulting matrices of high impact scores and supplementary considerations and perspectives, the comparative Environmental Assessment concludes by providing impact profiles for each alternative.
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