CHAPTER 8	HYDRO POWER DEVELOPMENT

                                                                             





8.1		POWER POTENTIAL 



8.1.1		The Cunene River Basin



Estimates of the potential for hydro power development of the Cunene river have been made in the past by the South African Study Group and later by SWAWEK and Water Affairs in Namibia. Part of the potential is located exclusively within Angola, but the superior potential is shared between Angola and Namibia along the border in the Lower Cunene reaches, from an elevation at about 900 m.a.s.l upstream of the Ruacana Falls to the sea. Along this reach of the river, the theoretical hydro power potential would be in the order of 12,700 Gwh/Year while the technical potential would be some 10,000 Gwh/year. A third figure more difficult to establish would be the economic potential, dependable upon a number of different parameters, but could  well be in the order of 5000�8000 GWh/year.



The corresponding figures for the Upper Cunene are more uncertain, as documentated information is scarce and larger variations in streamflow prevail. A tentative figure for the technical potential including the tributaries would be in the order of 1500 GWh/Year . For the upper Cunene mainstream the South African Study Group estimated the figure at about 1200 GWh/Year. 



Thus the superior hydro power potential would be that of the Lower Cunene, and at present and for the foreseeable future the demand for Cunene power will be significantly more pronounced in Namibia, while the demand for power in southern Angola will be rather limited.



Besides Angola holds several alternative sources of power supply, including hydro power and thermal fuels as well. 



The Lower Cunene is well suited for hydro power projects, the topographical, geological and environmental conditions being deemed favourable for most of the river. With regards to hydrology, the streamflow would be sufficient to support the projects envisaged in the long term plans, however the seasonal and long term regulation of the river flow would be of greatest importance. This would be even more accentuated for the next project, particurlarly because of the limited regulation possibilities upstream and with the Gove Dam operational problems. To enable a qualitative improvement of the Ruacana generation as of the availability of power, a larger storage project could be built downstream as well to support Ruacana in seasons of low flow. In terms of storage potential the Epupa site by far offers the best possibilities, capable of converting  Ruacana generation into firm power, as well as making further developments downstream more economic in the future.



The identified sites along the Cunene mainstream are represented in Fig.8.1.



8.1.2		The Epupa region



The Epupa site for hydro power development could be defined as the reach of the Lower Cunene between EL 720 and 510 m.a.s.l, which covers all alternatives envisaged in the past and at present. Undoubtedly a large storage reservoir would be possible to create within these altitudes. Limitation to the minimum elevation 510 is made on the basis of studies of the river gradient, which beyond this level flattens considerably, and should be left for a future downstream project.



The river profile represented in Fig 8.1 shows the possible development of the Epupa project.



The annual average streamflow at this location varies from some 38 cms to almost 350 cms, recorded in 1971/72 and 1983/84 respectively, with an average flow of about 165 cms over the period 1961�1991. Given such comparatively large variation, the required active regulating volume should be as large as possible, and at least of the magnitude of the annual average inflow to ensure a reliable supply. The current study will investigate which size of the reservoir would be needed. 
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Fig. 8.1

The maximum potential of the Epupa site is substantial, and technically some average 2500 GWh/year could be developed. This would imply that the previously conceived Zebra site  and part of the Baynes site potential would be incorporated in the Epupa scheme. However according to earlier assessments, and taking into account the impoundment volume of the reservoir in relation to the annual inflows, a potential project between elevation 710 and 510 would appear reasonable as a maximum development of the Epupa site. Such alternative would correspond to some 2000 GWh/Year on the average, still though incorporating some 15 m of the Baynes alternative as defined in previous studies by SWAWEK.



8.2		SCHEME ALTERNATIVES



8.2.1		General



At the outset of the study, potential damsites were identified including the alternatives considered in the past as well. 



Identification of promising alternatives was initially made on the topographic maps, and refined during the site visits. Considerations with regards to possible dam types and layouts of the schemes and associated structures followed. Key parameters as well as their relative weight in the comparison were identified.  Thus the approximative range of FSLs and corresponding volume of the reservoirs were established on the basis of the hydrologic data and the anticipated power generation  from Epupa. 



With regards to the selection of operating head, initial comparisons of the costs/benefits for incremental variation of the dam height and incremental variation of tunnel length for the identified alternatives were carried out.



On the basis of the map studies and the site visit the alternative damsite B proposed by SWAWEK was confirmed. Damsites close to this were assessed and found not to give any advantage. 



In accordance with the Technical Proposal, an alternative damsite A upstream of Epupa Falls was identified, as well as possibilities for a staged development of each alternative.



The requirements for topographic and geological investigations were determined for damsite A, to improve the basis for comparison. Cross sections for damsite A and the cofferdam were considered to be sufficient for the purpose of the study and were subsequently surveyed by SWAWEK. Detailed maps at scale 1:5000 had been already prepared by SWAWEK for damsite B. 



Topographic altitudes used refer to the 1:50,000 topographic maps, published by Surveyor�General of Namibia, First Edition published in 1979.



Based on the three damsites, damsite A upstream of Epupa Falls, damsite B and damsite C downstream of Epupa Falls, the following alternatives were initially selected for further studies and comparison. Alternatives labelled I and II relate to development in one stage and two stages respectively. Damsite C would be considered only in the light of a staged development.



The alternatives thus selected for further studies are represented under 8.2.2�6 below and Fig 8.2.



8.2.2		Alternative  I A



The alternative would be based on Damsite A, located 4,5 km upstream of Epupa Falls, with a tunnel and underground power station and with a tailwater level at elevation 580. The spillway would be accommodated to the left of the dam structure. 



Damheights to be studied would range from FSL 690 to 710,  corresponding to total impoundment volumes of 4000�8700 MCM. With the river bed level at elevation 620 the damheight would be within the range 75�95 m including freeboard provision.



From the intake at the damsite, water would be conveyed through a headrace tunnel to an underground power station and further in a tailrace tunnel to the outlet immediately downstream of Epupa Falls. The maximum head would be 110�130 m.



In combination with Alternative I C described below, by-pass valves would be installed, to safeguard the provision of water to the downstream powerplant in case of an outage.



As a matter of interest a modified alternative I. A.a has been briefly analysed as well. This alternative would be similar to Alternative I.A but would have the power station located at the toe of the dam and the tailwater elevation at 620. The corresponding gross head would be 70�90 m. The reason behind this alternative would be to cater for a possible conservation of the Epupa Falls.
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Fig. 8.2

8.2.3		Alternative I C



This alternative would be a second stage development connected to Alternative I.A and would include a low concrete weir and overflow spillway at Damsite C, about 11 km downstream of Epupa Falls to contain a HWL at elevation 580. 



The height of the concrete weir from river bed elevation 550 would be about 35 m. The intake would be located at the weir and 6,5 km long tunnels would convey the water to an underground power station with a tailwater elevation at 510. The gross head would be 70 m. Suitable locations of the powerstation may be found downstream of the dam and would  need to be further studied.

An alternative development utilizing the total head between damsite A and elevation 510 was excluded, due to the excessively long tunnels required, in comparison with Alternative II B below.



Together with Alternative I.A.a above, a second stage would be possible utilizing the head between elevation 590 and 510. This alternative would enable the partial conservation of 30 out of 40 m of the Epupa Falls.



8.2.4		Alternative II B.1 



The alternative is based on Damsite B, located 8,5 km downstream of Epupa Falls, with a power station at the damsite on the left abutment and placed underground for space reasons, and with the spillway located on the left abutment and separated from the dam structure. The tailwater elevation would be 560 and the riverbed beneath the dam at elevation 550. 



Damheights to be considered would comprise the range FSL 690�705, corresponding to total storage volumes of 5200�9000 MCM. Given a foundation close to the river bed level at elevation 550, the corresponding dam heights would be 140�155 m including freeboard provision.



The intake would be located on the left abutment with a pressure shaft feeding the power station, and the outlet into the river as close as required to the tailwater elevation. The Gross head would be 125�145 m. 



Similar to Alternative I A, installation of by-pass valves would be required in case of an outage.



8.2.5		Alternative II B.2 



This alternative would be a second stage downstream development tied with Alternative II B.1, and would have the intake located below the tailwater level at elevation 560 for the upstream scheme. Water would be conveyed by 8 km long tunnels through an underground power station and to the tailwater elevation 510. The turbines of the Kaplan type would be given the same discharge capacity as the upstream power station, and operated synchronously with scheme Alternative II B.1. 



The gross head for the scheme would be 50 m.



8.2.6		Alternative I B 



This alternative constitutes the largest alternative based on a dam located at site B, and utilizing the total head between the FSL 705�685 and the tailwater level 510. From the intake at the dam water would be conveyed directly through 8 km long tunnels to an underground power station. 



The dam and spillway and the range of damheights to be studied would be identical to alternative II.B.1, as well as the reservoir volumes to be considered.



The gross head would be 175�195 m developed in one single stage.

 

8.3		BASIS FOR ANALYSIS OF ALTERNATIVES 



8.3.1		Environmental Impact Considerations 



The Preliminary Environmental Impact Assessment (PEIA) of the Epupa scheme, presented in Chapter 10 has identified a wide chart of items to be addressed in the forthcoming planning and investigation phase of the Feasibility Study. In principle two main categories of impacts are discussed. At first those parts of the existing environment, which more or less inevitably would be lost with the project, and secondly impacts which at least partly could be offset or mitigated through proper planning and programming. To the first category would belong the loss of land and untouched wilderness through the inundation of the reservoir, and the pertinent natural and human environment, of which the riparian zone closest to the river is deemed as most important. To the second category would sort the impacts on the living conditions of the tribe population, the changed river regime through the regulation of the Cunene waters, particularly the sensitive ecology at the estuary.



It may be noted that the Preliminary Environmental Impact Assessment only paid moderate attention to the selection of alternative damsites, reservoir levels, and the possible  conservation of a modified Epupa Falls with the project. 



Accordingly any differences visavis the identified alternatives could not easily be excerpted from the PEIA. Hence the alternatives could be looked upon as equal with regards to the environmental impact, leaving the technical and economic parameters to more or less exclusively govern the selection.  



The Environmental Impact Assessment of the Feasibility Study to come, should consequently focus on the specific issues to which alleviation of negative impacts would be possible, and where potentials exist to augment benefits to the environment from the scheme chosen.  In this process it will be important to bring forward also alternative technical solutions to be evaluated in co�operation with the designers.



8.3.2		Power Market Considerations



For the purpose of comparing scheme alternatives the power and energy demand have been assumed at 433 MW and 2,663 respectively, corresponding to the year 2007 in the demand forecast presented in Chapter 4.



8.3.3		Transmission System Considerations



According to Section 3.7 above the transmission system would need to be reinforced between the existing sub�stations at Omburo and Bismarck.



The limitation on the modified transmission system would be in the order of 400 MW. The influence of this limitation is considered not to change the conclusions made on the preferred development.



8.3.4		Energy Benefit



Selection of the Epupa alternatives would be made on the basis of the cost of implementation and hydro power production capability. While the implementation cost is made on the basis of 8.3.6 and 8.3.7 below, the economic value of the power generation is made by applying the unit cost of alternative thermal generation. The 



Fig. 8.3

�		alternative source chosen for the comparison would be a coal�fired power plant located at the coast near Walvis Bay.



The alternative thermal unit generation cost used for this purpose was ZAR 0.16 per kWh.



8.3.5		Cost of Civil Works



Each of the alternatives has been conceptually designed and cost estimated, including  comparisons of damtypes, spillway design, river diversion during construction, water conduits, intake and powerstation design.  



For the alternatives which include tunnels, optimum tunnel area has been determined by estimating the least aggregate cost of tunnel construction and lost generation from friction losses.  The value of the energy losses has been established from the alternative thermal generation value at 0.16 ZAR/kWh.



The resulting economic velocity would be around 1.5 m/s.  The result for the Alternative I B is represented in fig. 8.3.



Quantities have been determined from the conceptual design drawings on the basis of topographic and geological information, and by using experience from similar hydro power schemes in Scandinavia and overseas.



Unit civil construction rates at 1992 price level, have been basically collected from RSA, but compared with normal rates applicable also in Scandinavia and overseas to establish confidence. 



Typical unit civil construction rates are represented in the following table 8.1:



Table 8.1	Unit Civil Construction Rates 





SPECIFICATION			UNIT	UNIT	RATE (ZAR)

Preliminary Works



Acces Roads, Gravel		m		50

Sealed				m	      300



�		Main Dam		



Earth excavation, Stripping	cum		14

Rock excavation			cum		55

Grouting				sqm		90

Impervious Core			cum		15

Filters, Transition Zone	cum		15-70

Rockfill				cum		19

Rip�Rap				cum		32



Spillway, Intake, Powerhouse



Rockbolts				pcs		170

Formwork				sqm		150

Concrete				cum		510

Reinforcement			kg		  4

Structural steel			kg		8,5



Gate shaft, Surge chamber



Rock excavation			cum		 85

Shaft excavation, 28�32 sqm	cum		560

Formwork				sqm		250

Concrete				cum	      1300

Rockbolts				pcs		170

Shotcrete				cum	      1030



Tunnels



Excavation profile, 20�40 sqm	cum		260

Enlargement incl. 

reinforcement			cum		115



Rockbolts				pcs		 90

Shotcrete				cum		810

Formwork				sqm		 18

Concrete lining			cum		950



The rates above are not to be regarded as stand alone rates, as they include costs of a collection of subordinated activities as well, such as dewatering, overbreak, instrumentation and exploratory drillings where applicable. The subordinated activities are reflected in the unit costs as item�wise overheads added from experience.



Preliminary and General costs have been factorised into the rates as well.





8.3.6		Cost of Electro�Mechanical Equipment



The costing of the electro�mechanical equipment has been based on statistics from international suppliers.



Three generating units have been assumed to be installed in the stage 1 alternatives and the full development in a single stage. For stage 2 installation of two units has been assumed.		





8.4		GENERATION SYSTEM SIMULATIONS



8.4.1		Methodology



On the basis of the hydrological data series 1961�1991, hydro power generation simulation studies for the combined Ruacana�Epupa schemes and for the defined alternative configurations of the Epupa project has been undertaken. The strategy chosen for the long term operation of the Epupa reservoir is to maximize the generation of firm power from the the combined Ruacana�Epupa system. 



Thus the Epupa reservoir would be operated in such way that Epupa generation makes up for the shortfalls at Ruacana during the dry seasons, and adds the generation required for the supply of firm power to the Namibian power system.



At times of available water in excees of the firm power generation requirements, secondary generation can be made, however only when the reservoir has reached the full supply level. Water in excess of the generating capability requirement at the full supply level of the reservoir would be released through the spillway.



The reliability level of the firm power supply has for the purpose of comparing the scheme alternatives been selected at 97 %, corresponding to a shortfall of generation during some 45�50 weeks out of a total 1560 weeks over the period.



For the purpose of comparing alternatives at the same basis, the installed capacity has been determined at 430 MW and the energy demand at 2,640 GWh/Year. This situation corresponds to the year 2007 in the demand forecast presented in Chapter 4. 



The simulation model used for comparison of alternatives, simulates the long term reservoir operation according to a target level for firm power generation, on the basis of a known hydrologic series of inflow.  By taking into account equipment efficiency, friction losses in water conduits, actual head from variable reservoir and tailwater levels, and the available active storage volume, the firm power generation over the 30 year period is calculated. The start  and end active storage volumes over the period have been set at 70 % of the total reservoir volume. The result of the simulation is achieved through consecutive simulations, until  the firm power generation target is reached for each alternative. According to the 97% reliability criteria the corresponding shortfalls are accepted. The results of the simulations are represented in the Table 8.3, paragraph 8.4.5.



8.4.2		Reservoir volume and inundation area



Area�Capacity relations for the Epupa scheme, damsite A and B has been prepared on the basis of topgraphic maps of Namibia at scale 1:50,000 with 20 m contour lines, and corresponding maps for Angola at scale 1:100,000 with 50 m contour lines. The area�capacity curves are shown in Fig.8.4 a,b and in the following Table 8.2. A map of the reservoir area is given in Fig. 8.3 c. The bold figures in the table are based on measurements, while others have been interpolated.



�



Table 8.2	Reservoir volume and inundation area



Elevation		      Damsite A			Damsite B



M.A.S.L	Area sqkm	Volume MCM   Area sqkm	Volume MCM



720		374		12103	     405		 14147

710		302 		 8761	     331		 10503

705		267 		7328	     295		  8927

700		233 		6063	     259		  7523

695		208 		4976	     233		  6304

690		184		3984	     209		  5188

685		154 		3175	     177		  4263

680		126 		2460	     148		  3434

675		105 		1895	     126		  2761

670 		 87 		1387	     106		  2151

665 		 71 		1034 	      89		  1708

660		 54  		 681 	      71		  1265

















































































Fig. 8.4.a















































































Fig. 8.4.b















































































Fig. 8.4.c



�		The part of the reservoir which would be inundating Angolan territory would be 125 sqkm and 205 sqkm for elevations 700 and 720 respectively or about 50 %.



8.4.3		Riverflow



From the result of the hydrological studies presented in Chapter 6, the natural synthesised flows over the period 1961�1991 have been used in the comparative simulations of the alternatives.



On the basis of a chosen power demand of 2,640 GWh per year, the simulations indicated already from the start that the comparatively large variations in the river flows, particularly exposed in the early 1970's, would prevent the Epupa�Ruacana system to generate an at all times reliable firm power supply, according to section 8.4.1 above, with the possible exception for the largest possible development of Epupa, within the limits of a reasonable reservoir active storage volume and inundation area.



This can briefly be illustrated with the following exposé:



During the four seasons 1970/71�1973/74 the total of annual inflows at Ruacana were 11900 MCM. Assuming the generation requirements at 2,640 Gwh/Year, this would correspond to some 4100 MCM/Year through the turbines for the largest alternative I B and 5400 MCM/Year for the first stage alternative II B.1. The figures do not include evaporation. The deficit to be balanced by the active storage during these years would approximately be 9700 MCM for the first stage alternative, apparently by far in excess of what is possible. For the larger alternative the corresponding voloume would be some 4500 MCM, which is deemed as more attainable, but the recovery of the storage may linger over some years.   



It should be noted that the storage requirements for a safe supply would be even larger, as the estimate above presupposes that the inflow can be predicted with a relatively high degree of confidence, which unfortunately is not practicable in the real operation situation.

As will be shown later in this report a combination of hydro and thermal generation would be required to satisfy the demand forecast for the future. This circumstance has not been considered in the selection of best Epupa alternative, but will be demonstrated for the selected scheme. 



For the purpose of comparing the alternatives, the natural flows according to the hydrological studies have been used, the reason being that abstraction of water for the purposes of water supply and irrigation influences the alternatives appoximately even. 



The hydrological studies also came up with four (4) scenarios to be used for sensitivity tests and to demonstrate the implications on the Epupa�Ruacana capability of alternative conflicting use of water. 



The impacts of the scenarios will not be considered in the selection of best alternative, but will be illustrated and discussed for the selected schemes later in this chapter.



The upstream multi�purpose abstraction of water from the Cunene in Angola and Ovamboland will be discussed later in Section 8.5, as well as the consequencies for the Epupa�Ruacana with different assumptions.



In addition to the generation of firm power, secondary energy may be generated at times with sufficient water while maintaining the full supply level.  



8.4.4		Conclusion



As may be seen from the Table 8.3, only the largest alternatives would be capable of meeting the specified energy demand on the average but, as will be shown later, even the largest alternatives would have problems to meet the demand during the extreme drought years. When considering the thermal generation from the existing installations and additional stand�by facilities in terms of gas�turbines, a first stage development of Epupa would yet be conceivable as the preferred economic choice. 



Table 8.4 show the result of the economic comparison of the alternatives considered, expressed as the unit investment cost per produced kilowatt hour firm energy. The investment cost is based on the estimated construction cost to which interest on 

investment capital during construction and cost of engineering and administration have been added. Transmission costs are not included.



The results indicate a slight advantage for the alternative II B.1 first stage. Alternative I A appears to be slightly better for the full development in stages, however the relative cost for the full development in one single stage alternative IB, is superior to the staged development, at least when disregarding the discounted present value of cost of the second stage, due to the time lag in between the stages.



From the result conclusions could be drawn with confidence, that the increase of the FSL would be economic not only within but also above the range studied.For instance by increasing the FSL from 700 to 705 for the Alternative II B.1 an annual generation of 174 GWh would be added, corresponding to an incremental annual revenue of some R 28 million, which by far exceeds the annual cost of elevating the dam 5 m. 



It may be reasonable to state that there seems to be no clear advantage of alternative II B in comparison with I A, as the differences are within the level of accuracy for this study. However the generation capability would be higher for the first stage alternative II B.1, and the reservoir would be somewhat smaller. Comparison at the same FSL 710, would add some 100 GWh/Year for alternative II B.1 and some 20 GWh/Year for II B.2 at an additional cost of some R 30 million, thus improving the alternative II B further.



Improved knowledge on the geological conditions of each site in particular, could provide a better basis for the choice of damsites A and B, and should be part of the Feasibility Study. For the purpose of this study, it is deemed sufficient to know the magnitude of the investment required to enable an economic assessment of the Epupa scheme.  



The results also indicate, that from an ultimate development point of view, the single stage development (I B) would yield a lower specific cost as compared with a staged development, but would imply a larger investment in the beginning.



Furthermore there would be other important advantages with a single stage development, such as a single powerstation, avoiding the synchronization problems with two powerstations in a sequence, for instance in case of a loss of one or more units in the upstream powerstation.



Installation of by-pass valves would hence not be required, and the equipment would be uniform, enabling easier operation and maintenance, and spare parts supply.



A brief analysis of staging the equipment installation, thus completing all civil works in a first stage, has indicated that savings in smaller generating units would be outweighed by the cost for the civil works related to the preparation of the waterways and the bay for the second stage unit.  The analysis is based on a three unit installation in the first stage, followed by an installation of a fourth unit later.  The recommendation of three units in the first stage has considered the consequence of a loss of one unit.  In case of only two units in the powerstation, a single unit would have to meet the demand at an outage of one unit.



In view of the above, the full development alternative I B is selected for further analysis.



�8.4.5		Results

Table 8.3	Firm Energy Potential of Alternatives

Alter-native�FSL/

TWL MASL�Active 

Storage

MCM�Gross Head

 M           �QMax, 



 cms�PMax



 MW�Firm Energy 

incl Ruacana

GWh/Yr����������I A�710/580�6324�130�249�282�2115��I C�580/510�0� 70�249�148� 824����������I A�700/580�4676�120�264�274�1833��I C�580/510�0� 70�264�156� 748����������I A�690/580�3303�110�280�265�1572��I C�580/510�0� 70�280�165� 717����������I A.a�710/620�6324� 90�293�233�1586��I C.a�590/510�0� 80�293�197�1005����������I A.a�700/620�4676� 80�312�221�1334��I C.a�590/510�0� 80�312�209� 945����������I A.a�690/620�3303� 70�335�207�1106��I C.a�590/510�0� 80�335�223� 902����������II B.1�705/560�6165�145�254�325�2309��II B.2�560/510�0� 50�254�105� 562����������II B.1�700/560�5372�140�261�323�2163��II B.2�560/510�0� 50�261�107� 534����������II B.1�690/560�3922�130�277�318�1896��II B.2�560/510�0� 50�277�112� 490����������I B�705/510�6165�195�254�430�2871����������I B�700/510�5372�190�261�430�2697����������I B�690/510�3922�180�277�430�2386��Table 8.4	Economic Comparison of Alternatives









Alternative�FSL/

TWL MASL�Firm Energy including Ruacana

GWh/Yr�Investment Cost

MZAR�Investment Cost ZAR/KWh,

Stage�wise�Investment Cost ZAR/KWh,

Compounded Stage I & II���������I A�710/580�2115�1280�0,61���I C�580/510� 824� 740�0,90�0,69���������I A�690/580�1572�1175�0,75���I C�580/510� 717� 795�1,11�0,86���������I A.a�710/620�1586�1185�0,75���I C.a�590/510�1005� 830�0,83�0,78���������I A.a�690/620�1106�1070�0,97���I C.a�590/510� 902� 885�0,98�0,97���������II B.1�705/560�2309�1315�0,57���II B.2�560/510� 562� 690�1,23�0,70���������II B.1�690/560�1896�1220�0,64���II B.2�560/510� 490� 730�1,49�0,82���������I B�705/510�2871�1715�0,60����������I B�690/510�2386�1660�0,70���



�8.5		ALTERNATIVE USE OF CUNENE WATERS





8.5.1		General



Development plans for most river basins have to address the multi�purpose use of the water resource and the equitable sharing of the resource between different user categories. In the case of Cunene the international or bilateral dimension introduces a further set of complex issues to be resolved prior to a decision to embark upon the construction of a new project.



Fortunately a tradition exist in the case of the Cunene river, in terms of a number of agreements entered into in the past, recognizing the Cunene as a joint resource, for the regulation of the river by the Gove dam, hydro power generation from Ruacana and supply of irrigation water to Ovamboland. Agreements which recently have been ratified by the Governments of Angola and Namibia.



For the future, in the light of Epupa development, agreements afresh will be mandatory to regulate the future use and common sharing of the resource. 



Herein after the prerequisites for water resource developments upstream of Ruacana will be discussed, followed by an assessment of the impacts on the Epupa�Ruacana hydro power potential from selected development scenarios .



The information on Angola is regrettably based on rather limited, scattered and in many respects unconfirmed documentation. However for the purpose of this Pre�Feasibility study the objective is rather to highlight that potentials for diverse and conflicting use of the Cunene waters upstream of Ruacana exist, and to illustrate the order of magnitude of influence on the Epupa�Ruacana hydro power potential by introducing some assumptions on upstream developments.



8.5.2		Potential for irrigation and other water uses along the Cunene river in Angola



The Cunene river basin within Angola comprises about 95 000 sq kms corresponding to about 7,5% of the total Angolan territory.

About 75% of Angola has an average annual rainfall of more than 800mm with about 50% of the country receiving more than 1200 mm annual rainfall on the average.  About 80% of the country receives sufficient rainfall for the production of rainfed crops.  This does not include a 200 km wide strip along the border with Namibia, representing the major portion of the remaining 20% not suitable for rainfed cultivation.



Of the mean annual run�off at about 140 billion cum from 47 distinct river basins, the Cunene catchment contributes only 5,2 billion cum or about 4%.



Rural population represents about 73% of the total population in Angola.  Excluding the 1,6 million people in Luanda, the population density is about 7 persons per sqkm.



The interior of Angola is part of the Central Africa plateau and its soils are therefore in many respects similar to those appearing in northern Namibia.



The whole of the Cunene Province can be classified as rural area, with virtually no industrial development at this stage.

Several townships have been built up in the Cunene river catchment, with Huambo in the north being the largest. Only Huambo and Matala have railroad connection to the west�coast.



Livestock farming occurs mainly in the southern provinces of Huila, Cunene, Namibe and Benguela. Stock estimates made in the late 1980's indicated about 3,2 million cattle and 0,8 million goats. 



Information regarding any existing mining activities or any future mining potential has not been obtained. The Cassinga mining complex is well known but its present status is unclear.

The single hydro power development so far is the  Matala 27 MW scheme and no plans for further projects are known.  The hydro�electric power potential of the upper Cunene catchment in comparison with other river systems in Angola is relatively modest. 



Hence further larger hydro power schemes in the upper Cunene river are not very likely to materialize within a reasonable future. 



Ground water is widely utilized for human and animal consumption, as well as for small scale irrigation.  Borehole yields commonly range from 0,25 to 4 l/s.



Formal irrigation development has been established below Matala dam and at Folgares, but most of it has fallen into disuse over the past years.  At Matala some 3,000 hectares were irrigated, but came to a complete stand still due to deterioration of the canal system.



Besides smaller areas of irrigable soils below Calueque dam and along the Cunene river, there exist some 100,000 ha and 20,000 ha of high irrigation potential downstream of the Gove and Matala dams respectively.  Together these two areas would, if developed, theoretically require much more water than Angola reasonably could claim from the Cunene river.



The estimated net annual irrigation water requirement for the Luanda region is 619 mm.  This figure with slight adjustments can be taken as representative of the likely conditions in the low lying areas of river basins.



Assuming an overall irrigation efficiency of 50%  and a further reduction of 20% due to the seasonal flow variations, a gross annual irrigation requirement of about 15 000 cum/ha be regarded as a realistic figure.



According to a SADCC report, Regional Irrigation Development Strategy, Draft Country Report Angola, published March 1992,  the present policy of the Angolan Government should be to rehabilitate and build up existing degenerated projects, rather than to embark upon new irrigation schemes.



In closing it can thus be stated that :



  �	the dominant rural development within the Cunene river catchment within Angola has many similarities to that of northern Namibia.

  �	No major industrial development, as a consumer of Cunene river water, can be foreseen in the near future.



  �	Available suitable land for irrigation within the Cunene river basin is much more than can reasonably be served by the Cunene river flow.  It seems  unlikely that irrigation will be a significant consumptive user of water from the Cunene river in Angola in the short or medium term, but should to a certain extent perhaps be considered in  the long term.



�8.5.3		Potential for irrigation and other water uses from the Cunene river in Ovamboland, Namibia



1.General



The purpose of the following sections is to briefly present and discuss some aspects of possible irrigation development in northern Namibia by using water from the Cunene river. The presentation does not claim to address the full set of aspects related to irrigation, but more to roughly reflect the economics  and the possibilities for irrigation schemes, and the potential conflicts with hydro power generation. Most of the information has been obtained from the Department of Water Affairs in Namibia. Given the similar conditions between northern Namibia and Angola, the conclusion may be applicable for irrigation schemes along the upper Cunene as well. 



2. Present Situation 



Soil surveys carried out in 1966 and 1970 in northern Namibia indicated that about 960,000 hectares of land would  have some degree of irrigation potential.  The major portion of this potential would be located south of the Oshana Etaka water way in Owambo and bordering the Kaokoveld.  The survey area is shown in Figure 8.5.



In terms of the ratified agreements between the two Governments, Namibia has the  right at present to withdraw 6 cms of water at the Calueque Dam for human and animal consumption in Namibia and initial irrigation in Owambo.



With a gross annual irrigation requirement of 18,000 cum/ha, some 9300 hectares could be irrigated in 1995 under the existing water rights, reduced  to some 7400 hectares in the year 2020.



The Department of Water Affairs is presently undertaking a pilot irrigation scheme of 160 hectares immediately south of Etunda in Owambo, which according to plans will be enlarged to 1500 hectares in the future. Figure 8.6 shows a typical monthly gross water demand curve designed for the scheme.  The curve has been designed for marginal soils and average cropping factors for various crops have been applied.  



Numerically the curve sums up to a total annual water requirement of 2,9 MCM for the 160 ha, which may be proportionlly applied also for larger schemes.



























































































Fig. 8.5



























































































Fig. 8.6



Table 8.5 below shows the estimated future water requirements for primary and industrial use in Owambo as well as the remaining portion of the 6 cms (189 MCM/Year) entitlement which can be used for other purposes:





 		Table 8.5 :  Present and Future Water Demand for Owambo





YEAR������Quantity 

available at 

6 cms with�

drawal�Estimated Future Water Re�quirements for primary and industrial use 

in Owambo

�Quantity of 

Water available for initial 

Irrigation in Owambo���MCM�MCM�MCM��

1990



1995



2000



2005



2010



2015



2020�

189



189



189



189



189



189



189�

17,1



21,8



27,9



35,6



41,3



47,8



55,4�

171,9



167,2



161,1



153,4



147,7



141,2



133,6��



3. Crop Yield



Crop yields applicable for Owamboland compiled from research done at the Mahanene Research Station are shown here under :



�		Table 8.6	Typical Crop Yields



Crops�	Portsmouth Series

(Yield t/ha)��		Summer :



Ground nuts

Sorghum

Cotton

Mahango

Pumpkin

SweetPotatoes

Caster Oil

Maize		

Sunflower

Lucerne



Winter :



Wheat

Onions

Tomatoes

Brassica

Tobacco

Beans

Potatoes

�



3,0 � 5,0

3,0 � 6,0

3,0 � 4,0

2,0 � 2,2

30,0 � 40,0

30,0 � 40,0

3,0 � 5,0

2,0 � 4,0

1,0 � 1,5

14,0 � 15,0







3,0 � 4,5

25,0 � 40,0

30,0 � 60,0

25,0 � 50,0

1,0 � 2,0

0,5 � 1,0

30,0 � 40,0

��		Experience gathered and results obtained during this research have been applied by the Namibian Department of Water Affairs, to undertake further feasibility studies on the irrigation potential in Owambo.  Although of a preliminary nature these studies have revealed the difficulty of irrigation development and the many factors and parameters which would influence  the social and economic feasibility of irrigation developments in Owambo.



Most of the information used in this report originates from these studies and is deemed sufficient for the purpose of a pre�feasibility assessment.



4. Future Irrigation Development Potential in Owambo



Taking the Calueque dam as the abstraction point for any future irrigation development in Owambo irrigable areas can be divided in four distinct localities in terms of the soil classifications done so far. The areas are represented in Figure 8.7.



  a)	A total irrigable area of some 2000 ha has been identified as suitable in the Olushanda Dam�Okongo area.Assuming that about 2 cms of the present quota of abstracting 6 cms is reserved for primary and industrial use in Owambo, some 7000 hectares could be irrigated with the remaining 4 cms. Although enough water is available, certain modifications would need to be made to the present distribution system to irrigate this area.



  b)	The Etaka�East area comprises roughly 15 000 hectares of irrigable land, thus much more as can be irrigated with the present allowance of abstraction of 6 cms.



It is of importance however to note that this area can be irrigated under gravity from the southern bank of the Olushandja Balancing dam.



  c)	In the Etaka West area, more specifically the nearest area west of the Etaka canal, identified suitable land for irrigation comprises some 11000 hectares. 



This area could as well be served from the Olushandja Balancing Dam, but some pumping at a static head of some 20 m would be involved.



  d)	Sizable areas estimated at more than 500,000 ha exist in the western Ovambo to the west of the Oshona Etaka water way and south�west wards along the border of the Kaokoveld.  However being quite distant away from any source of water supply, water from Calueque would have to be pumped over a distance of about 50 kilometres and at a static head in the order of 50 metres. Consequently not a realistic enterprise even in the very long term.



5. Cost of Irrigation 



The cost of irrigation water will be a decisive factor for the economic viability of irrigation schemes in Owambo. The estimated unit cost for raw water supply is reflected in Table 8.8 below.







�

Table 8.7:	Estimated annual water cost for irrigation in Owambo



AREA�BASIC UNIT

WATER COST





ZAR/m3�BASIC 

WATER

COST



ZAR/ha�ADDITIONAL

PUMPING

COST



ZAR/ha�TOTAL 

COST





ZAR/ha��

1. Olushandja

   Dam �

   Ogongo   



2. Etaka�East



3. Etaka�West



4. South�

   Western

   Owambo�

0,11�0,27





0,32



0,18





0,39�

1980�4860





5760



3240





7020�

1 000





1 000



1 000





1 000�

2980�5860





6760



4240





8020��

The following cost figures for irrigation in Owambo are based on figures obtained from a project report of the Ministry of Agriculture, Water and Rural Development done in 1991 for the 160 ha pilot irrigation scheme in north�western Owambo.  The area involved is shown on Figure 8.7. 



The capital cost per ha for the required infrastructure would be The following:



		Water Supply			ZAR 12750

		Irrigation system			ZAR 13794

		Power supply and pump		ZAR  7800

		Soil preparation			ZAR  3733

		Nursery				ZAR  1061

		Mechanization			ZAR  2003

		Vehicles				ZAR  1875

		Buildings and equipment		ZAR  5100

		Roads					ZAR   750

		Revolving production loan	ZAR 1 875



					Total:	ZAR 50741



























































































Fig. 8.7



�

Assuming a 10 % discount rate and 20 years economic life time, the annual capital cost would be ZAR 5960.



Project administrative costs are assumed at some 7% of the capital cost or ZAR 3600.



Variable production costs would be:



		Water cost				ZAR  414

		Pumping cost	 		ZAR 1100

		Mechanization cost	 	ZAR  355

		Fertilization cost	 	ZAR 1887

		Pest and disease control	ZAR 2570

		Seed	 				ZAR  640

		Labour cost				ZAR 1230

		Packaging cost	 		ZAR  156

		Maintenance cost		 	ZAR 1300



					 Total:	ZAR 9652





6. Income from Irrigation



To be able to generate a net annual income at an acceptable threshhold level for a family, it would  be of importance to optimise a selection of high yield rotational crops with high producer prices and minimum water requirements.



Crops selected to be cultivated profitably on a rotational basis would be the following :





Table 8.8:	Annual crop production



CROPS�PRODUCTION TIME

(DAYS)�YIELD



Ton/Ha�PRICE/TON



ZAR��

Tomatoes



Groundnuts



Wheat



Maize�

110



120



120



150�

50,0 



2,5 



3,5 



6,0 �

200



1250



 500



 418��

The one hectare will be divided into 3 equal sections and rotation per section would  be as follows :



Table 8.9:	Basis of rotation



December � March



April � July



August � November�		Tomatoes



Wheat



Tomatoes��

December � March



April � July



August � November�

Groundnuts



Tomatoes



Groundnuts��

December � March



April �  July



August � November�



Maize/wheat��



Table 8.10:	Gross annual income per ha



CROP�	YIELD



TON/Ha�	GROSS INCOME



ZAR��

Tomatoes



Groundnuts



Wheat



Maize



Total:

�

50,0



1,67



2,33



2�

10 000



2 083



1 167



836



14086��

7. Conclusion



The total annual cost per ha would according to the estimate above amount to ZAR 19,212, compared an estimated income at ZAR 14,086.



It may be observed that the estimate is based on intensive cultivation, which not likely would be completely attainable. The cost of water is markedly lower than the figures indicated in Table 8.8 above.  



It should perhaps also be noted that the figures reflect the situation at a selected 160 ha plot which is likely to be better than an average plot selected at random.



On the basis of this indicative estimate, it appears doubtful to justify irrigation schemes on sole ecomomic grounds. In addition the loss of hydro power generation due to extraction of irrigation water is not accounted for. 



National policies such as promotion of at least partial self sufficiency in food production, employment considerations, and objectives to alleviate the regional migration, may still justify governmental subsidies, to encourage development of irrigated agriculture, albeit development at larger scales may not be affordable.



From an investment point of view major irrigation in Owambo should only be contemplated if the investment would render a better return compared to other sectors of the society. 



In this regard, hydro�electric power generation in the Cunene river remains an overwhelmingly strong competitor for the use of the available water resources.  Adequate markets for the agriculture products, as well as necessary skills and managerial ability by the farmers, would be  other important requisites which would be  mandatory for the success of future irrigation developments.



8.5.4		Impact of alternative water uses on the Epupa hydro power potential



The alternative upstream development scenarios for river flow elaborated in the Chapter 5, Hydrological studies, have been applied to the selected Epupa alternative II.B.1 and II.B.2 and I B.



�		The alternative upstream development scenarios would be  accordingly:



Scenario�Gove Capacity MCM�Calueque Capacity MCM�Calueque Demand

MCM�Angola Demand 

MCM��������Present 1�1030;40%�10;2%�24,7�15�����(0,8 cms)���Present 2�2574;100%�10;2%�24,7�15�����(0,8 cms)���Future 1�2574;100%�475;100%�189�48,6�����(6cms)���Future 2�2574;100%�475;100%�378�48,6�����(12cms)���

The result is represented in Table 8.11 below:







Table 8.11:	Firm power generation for Epupa Alt II B.1 and Alt I B for different scenarios of upstream wateruse



�Firm Power Generation GWh/Year,97% reliability��Alter-

native�Natural Flows�Present 1    �Present 2       �Future 1�Future 2���������II.B1�2309

(0)�2239

(�30)�2218

(�91)�1906

(�403)�1753

(�556)���������II.B2�562

(0)�551

(�11)�547

(�15)�507

(�55)�501

(�61)���������I B�2871

(0)�2790

(�81)�2765

(�106)�2413

(�458)�2254

(�617)���������		The table shows that the influence on the generation from the Present 1 and Present 2 scenarios are modest, in the order of 5%, while the future scenarios impose substantial reductions in firm power supply, in the order of 16�24 %.



With regards to Calueque the estimates for the future scenarios, pre�supposes reinstatement of the project in line with the initial plans, that is with a reservoir size of 475 MCM. It is interesting to note that evaporation from the Calueque reservoir corresponds to some 213 MCM (6,8 cms) annually, while the extraction of water at 6 cm corresponds to some 189 MCM. This explains the large difference between the Future 1 and the Present 2, and the relatively small difference between the Future 2 and the Future 1, as only the future scenarios are based on the larger Calueque reservoir.



The generation lost because of the evaporation  at Calueque would for Ruacana and Epupa together approximately be at the order of some 150 GWh/Year, corresponding to an economic value of about ZAR 25 million anually.



Studies show that perhaps a reservoir at Calueque of 30�40 MCM could support the 6 cm abstaction, resulting in considerably less evaporation losses. In view of the Epupa scheme further studies of this aspect is highly recommended.
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