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1.1		SUMMARY





1.1.1		Scheme Alternatives





With regards to the development potential for hydro power in the Cunene river, the most promising sites are located in the Lower Cunene along the border between Angola and Namibia, from the existing Ruacana scheme to the sea level. Of the schemes considered in the long term outlook for the whole of the Lower Cunene, the Epupa site would offer the most favourable water storage possibilities, which in view of the large variations in the Cunene river flow would be of key importance for the regulation of the river and for other future projects in the cascade. 





The Epupa development potential is contained within the river reach between elevations 710 to 510.





Based on three main damsites located upstream and downstream of Epupa Falls respectively, several alternatives for the Epupa have been analyzed. 





Damsite A upstream of the falls, would offer the advantage of a lower dam and a first stage development utilising the head between the FSL 710 and the toe of the Epupa Falls at elevation 580. Some modifications to this alternative aiming at preserving the natural falls at Epupa have been analyzed as well, but were found less attractive. A second stage would suggest a dam located at damsite C utilising the remaining head between elevations 580 and 510.  





Damsite B  downstream of the Epupa Falls and identical to the damsite earlier identified by SWAWEK, would enable a first stage development of the head between the FSL 705 and  elevation 560, and a second stage between elevation 560 and 510.





It appears that the power demand justifies development in one stage. This is also possible for damsite B, superior to a single stage implementation on the basis of damsite A. 





With regards to the environmental impact from the Epupa scheme, the Preliminary Environmental Impact Assessment made in this study, ranks the alternatives approximately equal in this respect. More emphasis was put on the totality of the impact on the environment and identification of issues and problems which would require more studies and investigations, and to which mitigative measures should be taken in the future.





For the purpose of  comparison of the alternatives the power and energy demand in the mid of the next decade has been selected, corresponding to 430 MW and 2,640 GWh per annum in Namibia.  To meet these requirements, partial reinforcements of the transmission system would be required, but most of the existing line from the north of Namibia would suffice.  





The power generation at Epupa has been valued by comparing the cost of generation from an alternative coal fired power plant located at the coast near Walvis Bay, considered to be the most economic alternative source beside Cunene hydro power.





The cost estimates used in the comparison have been based on unit costs applicable in Namibia and the South Africa, and applied on quantities derived from conceptual designs of the scheme alternatives.





The result of the comparison suggests a slight advantage for the alternatives based on damsite B. The result also supports the creation of an as large reservoir as possible. It should be noted that the differences between alternatives A and B are within the level of accuracy for this study. However there are other factors which work in favour for alternative B, such as the less inundated area, the relatively higher capability of stage one, and the greater flexibility as also one stage development of the full potential would be competitive.





Alternative water use upstream of the Lower Cunene may significantly affect the potential of the Epupa site, and may be a factor also to be considered in the selection of development alternative. 





Sensitivity analysis have been undertaken on the effects that upstream water uses might have on the power potential. Large potentials for irrigation exist both in Angola and Ovamboland in Namibia. Estimates on the economies of irrigation developments suggest that from an investment point of view, irrigation appear not feasible and inferior to hydro power in economic terms, albeit irrigation developments may come about for other reasons. It will be mandatory that the control of the water use in the upper catchment will be reflected in the forthcoming agreements on the Epupa scheme between Angola and Namibia. 





1.1.2		Basic Project Features and Data





The selected scheme based upon damsite B would comprise a 150 m high rockfill embankment dam with an overflow gated spillway to the left of the dam. The dam would control the reservoir with a full supply level at elevation 705 and the minimum operating level at elevation 665. The active storage volume would be 7300 MCM and the total inundated area 295 sqkm.





In case of a full development the power house would be located inside the rock on the Namibian side of the river. Through the intake water would be conveyed in an inclined pressure shaft to the underground power house containing three generating units. The installed capacity would be 415 MW and with an operating gross head between 155 and 195 m. The average annual energy generation capability would be 1,830 GWh.





The cost of the single stage full development has been estimated at ZAR 1469 million, excluding interests during construction. The time for construction of the scheme would be approximately four years.











1.1.3		Environmental and Socio-Economic Impact





The preliminary impact assessment of the Epupa project is based on current informa�tion and on data collected during very brief site visits. It has identified the most criti�cal study areas and objectives to be assessed by the subsequent feasibility study.





For such a study, however more data has to be generated both for the assessment per se and as a base-line for future en�vi�ronmental monitoring aiming at reducing the negative im�pacts of the project.





The preliminary impact assessment has shown that the envi�ron�mental impacts of the proposed reservoir and river regu�lation scheme will be concentrated in the reser�voir area and the down�stream reaches, especially to the estu�ary.





The environmental impact of inundation, such as loss of wilder�ness and specific habitats, cannot be reduced by pro�moting any of the dam-site alternatives or inundation lev�els. The initial loss of land and habitats is the most im�portant environmental change, modifica�tions of the reservoir levels and alternative dam sites will only be of marginal interest.





The lost environments can hardly be compensated for, but any future negative (secondary) impact can be reduced by a care�ful planning of the reservoir area. Such a land-use plan can for instance advise on safe access to the reservoir wa�ter(health risks) and how to reduce land degradation and sedimentation by erosion of land close to the lake. Such a plan also has to in�clude other conservation aspects like wildlife and protection of sensi�tive habitats at the reser�voir and investigate the possibilities of foreshore cultiva�tion and grazing and the development of fisheries.





The preliminary socio-economic assessment has shown that the proposed reservoir will influence the transhumance of the Himba herdsmen. Based on experience from the current pro�ject, the so�cio-economic assessment also addresses the need for the develop�ment of proper information channels to and from the local herdsmen. Further studies are needed to as�sess the number of people affected and to what extent the tradi�tional land-use will suffer and/or benefit from the en�viron�mental changes.





The archaeological reconnaissance has indicated the need for a pre-impoundment archaeological inventory of the reservoir area. Artifacts and other findings already indicate a long human land use history of the riparian zone, which can be�come a key area in explaining the regional cultural links of the past.





The infrastructure developments (access roads, power lines, quarries, building sites etc.) will have only a limited im�pact per se on the environment. Secondary developments, fa�cilitated by the improved access to the land, will however  cause envi�ronmental impacts of a higher magnitude (impacts on vegetation and wildlife).





Also the socio-economical impacts related to the infrastruc�tural changes have to be assessed and monitored during and af�ter the construction period.





The good water quality of the Cunene can be explained by the natural catchment characteristics and by the limited agri�cul�tural development within the basin. Base-line water qual�ity data are essential to assess the probable water quality changes of the reservoir. Therefore water quality monitoring before, during and after the construction period is essen�tial in order to assess both the future water qual�ity of the reservoir, its fishery potential and the downstream environ�mental impact.





When assessing the geomorphological process activity of the drainage basin the river mouth area was found to be the most geomorphologically active. An interesting interaction be�tween fluvial, aeolian and coastal processes maintain a sed�i�mentologi�cal system of importance not only for the estuary itself but also in maintaining shelf and beach development in a large area along the Angolan coast. Further studies are needed to assess the sedimentological balance in relation to river discharge in order to advise on minimum flows and river regulation pattern downstream the power plant.





The impact on the ecology of the estuary has to be examined in detail to analyze its importance as a nursery area for marine fish species and to what extent a change in flow, wa�ter temper�ature and quality will influence the rich and di�versified fauna of the river mouth area and its related ma�rine environment. The estuary is at present an important lo�cality for migrant waders.





1.1.4		Hydrology





The hydrology data used for the Pre�Feasibility assessment of the Epupa scheme has been derived from the existing records for Ruacana. Through the use of single and double mass plot comparisons with the records from the Rundu gauging station in the Okawango river, it was concluded that the flow record measured at Ruacana during the period 1961�1972 is homogeneous and compares well with the Rundu flow record, while other records are less reliable. Using the 1961�1972 record and the longer term Rundu record synthesized flows for the period 1961�1991 were established.





On the basis of some assumption on the present and future development in the Upper Cunene, four alternative flow scenarios have been developed to be used in a sensitivity analysis of Epupa.





The assessment made on the evaporation in the Epupa basin, confirmed the estimates made in 1989 by the Department of Water Affairs of Namibia.





The analysis of the peak floods for Epupa, using frequency flood estimates and empirical assessment of the regional floods, arrived in a recommendation to use the Regional Maximum Flood (RMF) for the purpose of the Pre�Feasibility Study.    





1.1.5		Geology and Materials





The rock within the project area is of precambrian age with favourable strength characteristics. Two major and near vertical joint systems intersect the area. The weathering is moderate to high down to 5 m depth. Stress relaxation might cause deeper weathering in some of the slopes. The permeability of the rock mass is expected to be low. The rock mass quality is inferred as suitable for unlined tunnels.





The earthquake activity in Namibia is concentrated to the elevated areas of the coastal mountain chain. In the project area an earthquake of 10,000 year return period will have a magnitude of 6.52b. This is comparable to the seismicity in Northwest Europe.





The rock is suitable for supporting fill in an embankment dam. By a crushing and sieving process the rock can probably also be used as filter and as concrete aggregates.





Within economic transport distances, 1 - 2 million m3 of a red clayey soil has been found. Most likely this soil can be used as core material. Further an alluvial fan has been investigated. It is, however, uncertain whether it can be used as filter and concrete aggregates.





1.1.6		Power System Considerations





The Terms of Reference for this study anticipates that a new interconnector will be developed between the SWAWEK and ESKOM systems. According to preliminary studies made by ESKOM Transmission Group, the interconnector will include a 400 kV transmission line from Aries 400 kV substation in RSA to a new substation called Bismarck some 30 km from Windhoek. The line will be about 900 km long.





The perception behind the project is that the new link should be used for extended import of power from ESKOM to SWAWEK, and also for extended export particularly after the completion of Epupa Power plant.





In view of the actual power situation in the region it might, however, be questioned whether the new interconnector constitutes the most viable alternative for the SWAWEK system expansion, especially if seen in the light of the Epupa development. The reasons for this are the considerable surplus of generating capacity in the ESKOM system and the fact that it may be more economical for SWAWEK to generate complementary power in the thermal plants in Namibia.





Load flow analysis indicate that about 400 MW can be transferred from Epupa/Ruacana to load centres in Namibia with reasonable investments in power transmission facilities. These are a new 330 kV transmission line from Omburu to Bismarck with related substation facilities. As this investment will be undertaken irrespective of the implementation of the Epupa project, the related costs are not included in cost estimate for the project.





The technical feasibility of said improvements will have to be determined by detailed power system studies in the feasibility phase. 





For the purpose of economic evaluation it has been assumed that the Epupa project only will supply the Namibian power market. On this basis a scenario with existing generating facilities, Epupa and some additional oil fired gas turbines have been established.





This has been compared with a scenario comprising existing generating facilities, a new coal fired power plant near Walvis Bay and some additional oil fired gas turbines. The two scenarios have not been finally optimized at this stage of prefeasibility.





Supply from ESKOM has not been considered in this exercise. This will, of course, not exclude power exchange and practical cooperation between SWAWEK and ESKOM in the future.





1.1.7		Economic Evaluation





It is economically viable to realize the Epupa project as compared to an alternative based on a Coal Fired Plant, regardless of load level. When the system load exceeds 500 MW additional generating facilities will be required. Even if the two scenarios are not yet finally optimized the difference in annual costs between "the Epupa scenario" and the "Coal Fired scenario" is significant and Epupa is well justified on this basis.





The realization of the Epupa project would result in an independent Namibian power system. 





An independent generation system in Namibia after the Epupa project is commissioned would after some years require some additional thermal power in order to cope with the hydrological dry years. As have been shown above, this extra capacity should be seen as a consequence of excluding import/export from ESKOM as an option. The gas turbines would only be used to a small extent for peaking and during dry years. The installations in gas turbine capacity would hence be fully possible to exchange with imported stand-by capacity from RSA under a contract between SWAWEK and ESKOM.





When the system load exceeds about 500 MW further expansions would be needed.





The economic pre-feasibility study shows that the Epupa scheme is economically viable. The EIRR for a full development is 12 %.





The robustness of the calculation has been tested through three sensitivity analysis; one with 2 % annual growth in electricity demand instead of 3 % p.a. as the base case and two runs with secondary power valued at 30 % and 50 % of the firm power wholesale tariff instead of 15 % as in the base case. For all alternatives, the EIRR is above the opportunity cost of capital.





Another important consequence of the realization of the Epupa project is the value of the reservoir in connection with future hydropower projects downstream of Epupa.  This has not been quantified in this study, but would, of course, further increase the EIRR.











1.2		REPORT LAYOUT





The complete report consists of one volume, which also includes the appendices.





The appendices are labelled according to the chapter numbering of the Main Report. There are not appendices to all chapters, hence the gaps in the numbering.
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