CHAPTER 9	DESCRIPTION OF PROPOSED SCHEME


                                                                             








9.1		GENERAL





According to the Terms of Reference the components of a recommended Epupa Scheme should be presented without showing the technical solutions in detail. Cost estimates should also be worked out and economic analysis undertaken.





In this chapter a possible full development scheme is presented. In the following costing, preliminary optimization and economic analysis for the full development of Epupa on the basis of damsite B is undertaken.  The purpose is to demonstrate the technical and economic characteristics. It should, however, be emphasized that more detailed design and optimization is required to finally determine the scheme characteristics.








9.2		DAM





9.2.1		Dam Type Selection





As mentioned in paragraph 7.4.1, Dam Site B provides favourable conditions both for a rock-fill embankment dam and a concrete gravity dam. Most probably it is also suited for an arch dam. Hence, cost estimates have been made for the following dam types:





  -	Rock-fill dam with central core of clayey soil





  -	Gravity dam of roller compacted concrete, RCC dam





  -	Arch dam





Typical cross sections are presented in Fig. 9.2.	





The results are graphically represented in diagram in Figure 9.1, which shows that the rock-fill dam would be the cheapest. The arch dam would approximately be 65 % and the RCC dam is 250 % more expensive than the rock-fill dam. 












































































































































Figure 9.1	Preliminary Cost Calculation for Three Alternative Dam Types at Dam Site B. Diversion and Spillway are not Included.
































































































































Figure 9.2 	Dam Types which have been Considered


a)  Rock-fill dam


b)  RCC-dam


c)  Arch dam





The cost comparison of the dam types considered for damsite B show that the cost of the rock-fill dam alternative by far would be the lowest. However, as the different dam types would require, say offer, a number of lay-out and design possibilities for the associated structures making up the complete scheme, notably the spillway and the river diversion arrangements during construction, the advantage of the rock-fill dam would be reduced.





At this stage, and on the basis of the information available, it is deemed that, even with the inclusion of the cost of associated structures, rock-fill alternative would still be the preferred  choice.





It is however our considered judgement, that a change of dam type on the basis of further detailed studies and investigations would be possible, and should not be ruled out at this early stage.





Accordingly for the purpose of the Pre-Feasibility assessment the rock-fill dam is selected.





The cross section proposed would consist of a central and relatively wide vertical core of clayey soil. This would be supported by filters and transition zones and quarried rock on both sides. Plan and section are presented on Fig. 9.3 and 9.4. 





9.2.2		Reservoir Operation





The behavior of the reservoir is presented in Fig. 9.5 on the assumption of maintaining a 97 % reliability level on firm power production and on the basis of the scenario Present 1 described in Chapter 6 Hydrological Studies. Fig. 9.6 shows the corresponding generation.





It should be observed that there is a difference compared to Table 8.12 as the sizing of the schemes are slightly different. Moreover the movements of the reservoir are not reflecting the system operation aspects, aiming at satisfying the demand at a higher reliability level, thus using thermal generation to maintain an adequate level of the reservoir.





The figures rather clearly illustrate the effects of the drought period 1970�1975, supporting the conclusion that Epupa�Ruacana  irrespective of reservoir size would not be capable of satisfying the demand at all times.












































































































































Fig. 9.3









































































































































Fig. 9.4









































































































































Fig. 9.5 









































































































































Fig. 9.6





9.2.3		Spillway





Taking advantage of the topography in the left bank a spillway canal south of the left abutment is proposed. The canal alignment would follow a weakness zone, and some fine fractioned rock should be expected. However, with a canal width of 100-150 m, most likely the main part of the rock excavation would be made in competent rock.





It is proposed to use the excavated rock from the spillway canal in the dam as supporting fill for the dam. Based on reconnaissance and available maps it seems probable that a balance can be achieved between the excavated volume from the spillway and the quantities needed for the rock-fill dam. 





The spillway would be 100 m wide with six bays, and furnished with 10 m high radial gates. From the gate section the flow would be discharged into a gently declining canal before plunging down the slope in a concrete lined chute. At the end of the chute a ski-jump structure would be constructed, ejecting the discharge into the downstream river.





The required design discharge capacity of the spillway would be 6300 cms at the full supply level. To accomodate the regional maximum flood according to Chapter 6, a flood surcharge of about 2 m would be required.





Normally an extra spillway, an emergency fuse plug, would be required when the main spillway is gated. Hence, an ungated alternative would be evaluated in the feasibility study. In this connection also a stepped spillway concept, without extensive use of concrete, should be studied as well.





9.2.4		Cofferdams and Diversion





The deepest part of the dam foundation can be prepared only after the river has been diverted by a combination of diversion tunnels and cofferdams. Two diversion tunnels, each with a cross section of 200 sqm, are proposed in the left river bank, with a discharge capacity capable of accommodating the 50 year-frequency flood. This approach may be somewhat conservative, considering that the diversion would only be required during one season if the envisaged construction schedule would be adhered to. This would need further detailed analysis in the Feasibility Study.





In the Feasibility Study an optimization between the height of the upstream cofferdam and the dimension of the diversion tunnels should be carried out as well. In this connection, also the type of cofferdam should be evaluated together with the consequences of over-topping the coffer dams and the uncompleted main dam structure.





9.3		WATERWAYS





All main elements of the scheme are located on the Namibian side of the river. Local conditions make this the most advantageous location. The power house would be sited underground at the upstream end of the waterway, with the intake between the dam and the spillway.





9.3.1		Head- and Tailrace Tunnel





The cross-sectional area of the tunnels and shafts has been optimized comparing marginal costs of tunnelling with the marginal benefits of increased production. With the data available, the optimum cross-sectional area will be approx. 140 sqm for the head- and tailrace tunnels. See Fig. 9.7.





The headrace tunnel would be a very short tunnel conveying the water from the reservoir to the intake gate located in a shaft near the reservoir shore line. Downstream of the gate, the headrace tunnel would connect to the pressure shaft. The shaft would be inclined at an approximative angle of 45o. Both the headrace tunnel and the pressure shaft would be unlined, and a rock excluder in front of the steel lined trifurcation just upstream of the powerhouse would be required. The pressure shaft, if unlined would need to align along a line where minimum rock steps exceeds the maximum water pressure by an acceptable safety margin.





The tailrace tunnel would be approximately 8 km long and returning the water to the river at elevation 510. 
































































































































Fig. 9.7
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The power house will be located near the dam with a long tailrace tunnel.





The tailrace tunnel would mainly be excavated from an adit located midway between the powerhouse and the outlet. Hence cofferdams at the outlet would not be required, as the outlet section of the tunnel could be taken out from the inside in one step.





9.3.2		Surge Chamber





By siting the powerhouse at the upstream end of the waterway, the need for a surge chamber for the headrace tunnel would be eliminated. It should be noted that a surge chamber on the upstream side would be rather extensive and costly, due to the 40 m variation of the reservoir water level. Another cogent reason for the location of the power house would be that the tunnelling conditions at the lower level, i.e for the tailrace tunnel would most likely be more favourable.





On the downstream side a surge chamber would be located just downstream the draft tube.








9.4		POWER PLANT





On the basis of the power system simulation, arriving at an installed capacity of 290 MW, it has been postulated that this capacity should be available also at the minimum head.  Turbines designed according to this criteria would at the maximum water level, yield an output of 415 MW.





The corresponding turbine discharge would be between 220 cms and 250 cms to reach the capacity above at the respective reservoir levels.  The generating capacity, shared by three equal units for the purpose of this study, would need to be further refined and optimized in the Feasibility Study.








9.4.1		Civil Works





The powerhouse complex would comprise separate caverns for the machine hall and the transformer hall.





The access-tunnel entrance would be on the downstream side of the spillway at approximately elevation 600, with a cross sectional area of 40 sqm.  The access tunnel would be sloping 1:9 and 800-900 m long.





From the transformer hall a separate cable shaft to align the cables the shortest distance from the transformers to the switch�yard is proposed.  This shaft may in case of fire either act as an escape route or a ventilator, keeping the access tunnel free of smoke.





9.4.2		Mechanical Equipment





Three equal Francis turbines are proposed, each with a maximum discharge of 85 cms and a speed of 250-187.5 rpm. The three units chosen would make the operation of the plant reasonably flexible. However, this matter must be looked into more thoroughly in the Feasibility Study.





It has been found appropriate to install a gate for emergency closure on top of the pressure shaft. For shut down of the plant, three separate and independent valves at the entrance of the spiral casing of each unit would be installed.








9.4.3		Electrical Equipment





The three generators would be designed for a revolution speed of 250-187.5 rpm. Metal-enclosed air insulated busbars, leading up to the main transformers through separate tunnels, between the machine hall and the transformer hall, are proposed. From the transformers, cables would be routed through a cable shaft to the 330 kV outdoor switch�yard.





Supply of auxiliary power has been assumed from a future local distribution system.








9.5		POWER TRANSMISSION





9.5.1		Transmission Lines





The Epupa hydro power scheme would be connected to SWAWEK grid by a new 250 km 330 kV line from Epupa to NREP (North Repeater Station). In addition to this, the connection between the sub-stations at Omburu and Bismarck needs to be reinforced with a new 180 km long 330 kV line.





9.5.2		Sub-station Facilities





The sub-station facilities required for Epupa would be following:





  -	One (1) 330 kV sub-station at Epupa including five (5) 330 kV line bays





  -	One (1) 330 kV sub-station at NREP including three (3) 330 kV line bays





  -	Reinforcement of the existing 220 kV sub-station at Bismarck with a 330 kV part including one (1) 330 kV transformer bay, one (1) 220 kV transformer bay, and one (1) 330 kV line bay





  -	Reinforcement of the existing sub-station at Omburu with and extra 220 kV bay








9.6		ACCESS ROADS





The construction of a permanent access road from Opuwo to the site, a distance of 192 km, is an important issue regarding the time schedule for the project implementation. Although the topography is favour�able for road construction, suitable construction materials may be scarce. As a preliminary assessment the road works would comprise of 115 km upgrading and 77 km new construction. At certain river crossings bridges may be required.





The alignment of the roads and the transmission lines should be co-ordinated to ensure easy access both for construc�tion and maintenance of the transmission line. 





Early in the planning phase due consideration should be given to power supply during the construction period, whether it should be based on diesel units at site or a separate power supply line from Opuwo or Ruacana.





To avoid hampering the project implementation it is advisable to start building the access road as soon as a decision is made to go further with detail planning. Hence, detail planning and tender documents for access road should be made in the feasibil�ity phase. This will probably also apply for some parts of the site infrastructure, such as camp facilities for the contractor and the project administration.








9.7		IMPLEMENTATION SCHEDULE





A tentative implementation schedule is shown in Fig. 9.8.










































































































































































Fig. 9.8	Implementation Schedule
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9.8		ENERGY GENERATION AND COST ESTIMATE





The Epupa scheme has been calculated to be capable of generating a total average energy of 2880 GWh/year, out of which the existing Ruacana would contribute 1050 GWh/Year. The net generation contributed by Epupa would accordingly be 1830 GWh/Year at the full development. 





The total investment cost excluding interest during construction has been calcu�lated at 1469 million Rand (MZAR).  With regard to power transmission, costs of connecting Epupa to the existing grid have been included.  Costs for the previously commented reinforcement of the existing grid have not been included, as these works will be undertaken irrespective of the implementation of the Epupa project. 





A cost estimate is given in Table 9.1.
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Table 9.1		Alt. I B, The Scheme Fully Developed 





FSL/TWL 705/510


Gross head 195 m maximum


Maximum discharge 250 cms


Maximum capacity 415 MW





										Cost 


										MZAR


Civil Works





Rock�fill Dam, Spillway and Diversion Tunnels 			440


Waterways and Power Station						295


Access Roads and Construction Camp					 35 


Contingency, 15 %								115





Sub�Total:									885





Electro�Mechanical Equipment and Hydraulic Steel Works	285 


Contingency, 10 %								 28





Sub�Total:									313





Transmission Lines 							 91


Substation Facilities						 	 34


Contingency, 10 %:							 12





Sub�Total:									137														


Planning, Engineering, Supervision and Administration 10 %	134	


of construction and installation costs.





Total Investment Cost:						     1469





Interest during Construction, 10 %/ Year				272





Grand Total:							     1741
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