CHAPTER 14	RECOMMENDATIONS


                                                                             








14.1		FEASIBILITY STUDY, DETAILED DESIGN AND TENDER DOCUMENTS





14.1.1	General





The next two phases for the Epupa hydropower project would be a comprehensive Feasibility Study followed by the preparation of detailed design/tender documents. For the purpose of saving time it is recommended to include both phases in contract package and make the second phase optional and subject to a satisfactory outcome Feasibility Study.





Proposed TOR for the next phase are shown in the subsequent paragraphs.





14.1.2	Proposed Terms of Reference for Feasibility Study and Detailed Design/Tender Documents





A.	BACKGROUND





The maximum system demand for electricity in Namibia, presently being about 240 MW has increased by an average of 5.8 % per annum the last 10 years. The present supply relies on three sources, namely:





  -	The Van Eck coalfired thermal plant with a rated capacity 120 MW.





  -	Ruacana hydro-electric plant on the Cunene River. The rated capacity is 240 MW, but the plant has only averaged about 130 MW the last 5 years due to inadequate storage. In certain dry periods the output is almost zero.





  -	Importation from the Republic of South Africa via a double circuit 220 kV interconnector with economic rating 150 MW.





On this basis Namibia has up to now had an adequate power supply with fairly low prices as compared to many other countries. The average sales price from SWAWEK on the medium voltage transmission system was in 1991 about ZAR 0.09 per kWh.





The main reason for the relatively low prices seems to have been 


that the major part of the power has been produced at Ruacana hydro-electric power plant with low capital cost. The price level for bulk supply purchases from ESKOM in RSA has also been acceptable in the past. During recent years the unit price for this import has rapidly increased and this tendency is likely to continue.





The amount of power to be imported has also increased with increasing demand in Namibia. The net import reached nearly 50 % in 1991.





According to a frightening scenario SWAWEK average sales prices might increase to about ZAR 0.25 per kWh in the year 2000 and up to more than ZAR 0.45 per kWh in the year 2005, should the present development continue.





For the above reasons it has been proposed to build a new hydro plant on the Cunene River in the Epupa region.





The Cunene is a border river between Namibia and Angola and the  two countries have common interest in developing the resources. For this reason a Permanent Joint Technical Commission (PJTC) with members from both countries has been appointed . The PJTC issued the TOR for a prefeasibility study in March 92.





The prefeasibility study was undertaken by the Norwegian company Norpower in association with SwedPower of Sweden and Burmeister van Niekerk of Namibia.





The main conclusions of the prefeasibility study is that the project would be technically feasible and economically viable. However, this study was quite limited in its scope and detailed technical studies, costly field work, project optimization, etc. were not undertaken. Such matters will be important in this feasibility study.





B.	PROPOSED HYDROPOWER PROJECT





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, where a hydro power project could be developed in one or two stages.





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.





Should the power demand justify development in one stage, this  would  be 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.





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 staged development the first stage 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 for the first stage would be 325 MW and with an operating gross head between 105 and 145 m. The average annual energy generation capability would be 1,300 GWh.





A second stage development would comprise another power house connected to the tailrace of the first stage and with an installed capacity of 110 MW and annual average energy generation capability of 530 GWh. The second stage would operate with a constant head of 50 m developed through the construction of a 8 km long tunnel.





Although a staged development is recommended, a single stage development would be possible, with similar features as the first stage development and with an installed capacity of 415 MW capable of generating an average of 1830 GWh/Year.





C.	WORK PROGRAM





Detailed Terms of Reference for the Feasibility Study and the Detailed Design and preparation of Tender Documents are given in Section D.  All activities will be undertaken in close cooperation with the Client to ensure the most efficient execution of the services.





In the first stage, a comprehensive Feasibility Study will be carried out for the Epupa hydro power project, to assess its technical,  economic and financial viability, and environmental acceptability.





The study will start with a review of the recently completed Pre�Feasibility Study and by detailed site investigations comprised of topographical and environmental surveys, hydrological measurements and studies, geological and geotechnical explorations including analysis of seismicity. 





Power market investigation including assessment of present and future power demand will be made. Conditions for exchange of power with neighbouring countries will be established. On this basis preliminary power system analysis will be undertaken.





Using the result of the field investigations and the power market investigations, reservoir operation studies will be made and the project configuration optimized with regards to reservoir size and lay�out of inherent project structures, main dam, water conduits, installed capacity and sizing and number of generating units.





On the basis of the optimization, refined power system studies will be undertaken.





Feasibility level design drawings and specifications will be prepared for the main project components which serve as a basis for the preparation of cost estimates and implementation schedules.





Simultaneously the Environmental Impact Assessment (EIA) according to recognized guide�lines by International Funding Agencies will be carried out. The Preliminary Environmental Impact Assessment made in the Pre�Feasibility Study, emphasized the focus upon the downstream impact, particularly the Cunene river mouth, the consequences of the development of the reservoir and the planning of the reservoir region.  The EIA will establish the environmental cost of the project.





The bilateral nature of the Epupa scheme will be analysed and potential benefits to Angola and Namibia will be assessed, as well as the way such benefits would materialize for the two countries and should be reflected in forthcoming bilateral agreements.  A draft agreement document will be prepared.





The feasibility of future power exchange with neighbouring countries, particularly the RSA will be assessed.





Economic and financial analysis  will be performed for the scheme to determine the optimum timing of the project and possible staging of the project implementation and the possible need for additional back�up supply installations.





The economic analysis will establish the equalizing discount rate (EDR) with alternative supply options.  The Feasibility Study will be completed with the computation of the economic internal rate of return (EIRR) and the financial internal rate of return (FIRR) of the project.  





Subject to a positive outcome of the economic and financial analysis and the Environmental Impact Assessment, the second stage Detailed Design and preparation of Tender Documents will follow.





This will include additional field investigations and surveys, if required, to enable the detailed design of the project structures and facilities, such as the dam, spillway, river diversion facilities, water conduits, power house, turbines, generators, auxiliary electrical and mechanical equipment, transmission lines and sub�stations.





On this basis contractor's cost estimate and implementation schedule will be prepared, as well as the most suitable contract packaging strategy.





Finally Tender Documents will be prepared for each contract package, including pre�qualification questionnaires. 


D.	DETAILED TERMS OF REFERENCE.





1.	Feasibility Study





In the Feasibility Study the Consultant shall carry out the following:





  a)	Review of the Pre�Feasibility Study of the Epupa hydro power project, particularly with regards to the selection of the scheme alternative, the preliminary lay�out of the scheme and the selection of dam type. 





  b)	Carry out a comprehensive power market survey, including an assessment of the Namibian and Angolan power markets.





  c)	Prepare a detailed programme for site investigations, including topography, geology, hydrology and environment.





  d)	Carry out with the assistance of the client and sub�contractors the required topographical surveys and mapping of the project area and the reservoir area, as required for the design of the project, economic comparisons of  main dam options and alternative structures, reliable estimates of reservoir contents and inundation areas, reservoir operation studies, environmental impact studies,  and technical design. Establishing a suitable benchmark system in the project area,  for the correlation with the existing topographic maps. 





  e)	Carry out appropriate hydrological investigations and data collection, particularly for the upper catchment in Angola. Confirm and/or refine the correlation of flow records between the Cunene and the Okawango rivers, including re�calibration of the Ruacana and Rundu gauging stations. Assist in the installation of new gauging stations in the upper catchment in Angola.





  f)	Carry out appropriate hydrological studies with the emphasis on the verification and enhancement  of the long term stream flow records, probability of drought sequences,  estimation of frequency flows and the Probable Maximum Flood (PMF). Assess the most suitable way of filling of the reservoir and propose the required downstream releases during filling.





  g)	Carry out sedimentological studies and investigations, including suspended sediments and bed loads. Undertake sediment sampling upstream of the planned reservoir.





  h)	Undertake an inventory of the Cunene catchment area with regards to alternative present and future water uses which may affect the Epupa inflow. 





  i)	Assess the status of existing projects on the Cunene with regards to their impact on the Epupa and Ruacana schemes, including the Gove and Calueque dams and reservoirs. Assess the future role of these projects with regards to impact on river flow regime and regulation and potential benefits to the Epupa scheme from these projects. 





  j)	Establish likely future scenarios for the use of Cunene waters and evaluate the influence on the Epupa and Ruacana schemes.





  k) 	Make an economic evaluation of alternative water uses, including irrigation developments in Angola and northern Namibia.





  l)	Undertake the necessary geological and geotechnical investigations to establish the engineering geological conditions of the project area, availability and qualities of construction materials,  conditions for dam construction and tunnelling conditions.





  m)	Undertake required seismological investigations





  n)	Undertake a comparison of different dam types, including the configuration of associated structures in association with the Client.





  o)	Optimize the reservoir size, the dam height, the spillway, the installed capacity, the sizes of the generating units, the length and the area of water conduits, and the operating head. Determine the Ruacana generating potential and the energy generation from Epupa and the combined  Epupa Ruacana scheme.





  p)	Collect, evaluate and present baseline data on all relevant environmental characteristics of the project area, inluding the watershed, the reservoir, the project site and the downstream reaches, using remote sensing techniques and field surveys.





  q)	Determine and assess the potential environmental impacts of the Epupa project, on the basis of the findings and recommendations of the Pre�Feasibility Study, inter alia the social, economic, cultural, physical  and ecologic effects of the project and the reservoir inundation, including loss of agricultural land, grazing land, wilderness, vegetation  and wildlife environment, human settlements, human health, archaeological and cultural sites. Determine the effects on the hydrology, erosion and sedimentation, and water quality of the river, weed infestation , effects on fishery potential and potential for reservoir fishery development, impact from changed river flow regime on the downstream areas and in particular the estuary.





Assess the impact of planned and spontaneous immigration to the project area.





Assess the conservation potential of the reservoir environment, and the possibility to integrate the project area into the neighbouring national parks. Assess the potential for future cropping  and grazing of the surrounding areas and for foreshore cropping along the reservoir drawdown areas. 





  r)	On the basis of the EIA prepare  an environmental management plan specifying mitigation measures for dealing with the major effects, as well as a post�construction monitoring programme.





  s)	Prepare feasibility level designs and technical specifications of the project components suitable for modification and detailing into tender document standards.





  t)	Prepare a detailed cost estimate, broken down into foreign and local currency for the project components and other items such as engineering and administration, land aquisition, environmental mitigation measures and physical contingencies.





  u)	Prepare a detailed implementation schedule.





  v)	Propose suitable contract packaging.





  x)	Undertake a least�cost analysis of the power system expansion with the project and its equalizing discount rate with alternative supply options such as a coal fired or gas fired power plants





  y)	Given the bilateral nature of the Epupa scheme analyse and assess the potential benefits to Angola and Namibia,  as well as the way such benefits will materialize for the two countries and reflected in forthcoming bilateral agreements.Propose suitable ways of organizing the project implementation and future operation.  Prepare a draft agreement document. 





  z)	Make an economic and financial analysis of the Epupa scheme with calculation of the EIRR/FIRR, including sensitivity analysis of the results to changes of main parameters and assumptions.








2.	Detailed Design and Tender Documents





In the second stage the Consultant shall do the following:





  a)	To supplement information obtained during the Feasibility Study stage, with regards to geology and topography, prepare Tender Documents for additional field investigations need for the detailed design. Assist in the tendering and contract negotiations for these investigations and  supervise  the performance of these investigations.





  b)	Perform additional hydrological investigations and studies as required





  c)	Establish design criteria for all major project components





  d)	Perform a final review and revision of the layout plans and optimum scale of the project, incorporating the results from the additional site investigations and other updated information.





  e)	Assist the Client in planning preparatory works, including layout of the construction camp, work shops, ware houses and other construction facilities, as well as the electric power and water supply systems. 





  f)	Design the civil structures such as the dam, water conduits, surge chamber, powerhouse, river diversion arrangements during construction, and switch yard.





  g)	Perform hydraulic model testing as required to confirm and modify details of the proposed design.





  h)	Design the generating equipment including turbines and generators with auxiliary  equipment in close cooperation with the Client.





  i)	Design hydraulic  steel structures such as gates and valves





  j)	Prepare detailed construction plans and schedules





  k)	Prepare detailed cost estimates derived from unit prices and bills quantity





  l)	Prepare Pre�Qualification questionnaires for civil works and electro�mechanical equipment





  m)	Prepare Tender Documents for the preparatory works, the civil works, the electro�mechanical equipment and hydraulic steel structures  





  o)	Prepare Terms of Reference for the Consulting Services required during the implementation of the Epupa scheme, such as assistance  in tender evaluation and contract negotiations, project management and construction supervision and final engineering.
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