Chapter 2:


HYDROPOWER ALTERNATIVES











bACKGROUND





The water resource of the Cunene river is substantial, being a perennial river with a mean annual flow of 50 m3/s at Gove and 160 m3/s at Ruacana. The year to year and annual variation is however considerable, the most serious circumstance being relatively long periods of drought, recorded as lasting for several years.  This can be exemplified by the Ruacana Hydroelectric power station, which lacks storage for seasonal regulation and thus has experienced large and unpredictable variations in the electric power generation.





Hydropower Potential





The hydropower potential of the Cunene river has been studied in the past, and these studies have formed the foundation for agreements on river development and provided useful information for this report.  References to previous studies are made in Chapter 1.





Upper Cunene





The Upper Cunene offers significant potential hydropower potential, mainly in the medium to small hydro plant range (under 80 MW).





The rainfall in these areas is the highest in the river basin (>1300 mm/Year) and the topography is suitable for building of dams and creation of reservoirs.  Reservoirs in the Upper Cunene can give useful contributions for the regulation of the Cunene and provide other parts of the river with a more uniform flow.





In total the potential for hydropower generation in the Upper Cunene would amount to some 1,400 GWh/year.





Middle Cunene





By definition this stretch of the river starts at Huila and ends at Calueque.  The Middle Cunene offers very limited prospects for hydropower development, the river gradient is low and suitable sites for dams have not been identified.





Lower Cunene





The Lower Cunene is defined as the river stretch from Calueque to the sea.  The hydropower projects studied were included in the 1969 Master Plan for the Cunene River. The potential of each project was estimated according to standard criteria and on the basis of prevalent knowledge of hydrology, topography and geology.  The technical potentials presented below have been adjusted according to the present perception of the hydrology (further details are presented in the Chapter 8 of the Technical Report).





�
The potentials of the respective projects included in the Master Plan starting upstream are the following:





Name�
High Water Level/Tailrace level  m


(Hav)�
Active Reservoir Capacity, Million Cubic Meter�
Installed Capacity


MW


(Plant Load Factor 0.5)�
Generation Potential, Million Kilowatthours GWh/Year�
�
Calueque�
  1,092  /1,090


(2)�
40�
3�
 15�
�
Jacavale�
1,090/1,060


(35)�
19�
60�
270�
�
Luandege�
1,055/900


(155)�
4�
265�
1,230�
�
Ruacana�
900/754


(135)�
18�
240�
1,075 �
�
Ondoruso�
754/718


(36)�
60�
60�
 280�
�
Zebra�
718/710


(8)�
40�
15�
60�
�
Epupa�
710/510


(185)�
 7,800�
470�
2,050�
�
Baynes�
510/380


(100)�
410�
260�
1,120�
�
Marien�
380/240


(110)�
800�
280�
1,230�
�
Hartman �
240/170


(70)�
225�
160�
785�
�
Hombolo�
170/70


(100)�
200�
260�
1,120�
�
Mcha�
50/7


(43)�
55�
110�
480�
�
�
�
�
�
�
�
Total:�
1,085�
9,671�
2,183�
9,715�
�






DESCRIPTION OF ALTERNATIVES





The process of arriving at the alternative project sites examined in this report is described in Chapter 1.  The location of the alternatives is shown on Figures 1.1 and 1.2.  





This section describes technical aspects of the potential project sites.  At the present stage of development, the project features are detailed to a level adequate for comparison.  The design, however, will be refined as the process continues.





General Description Common to All Schemes





Construction Process





The construction process will be relatively short compared to the functional life of the project, however far more activity will take place during this period than during the rest of the project life.





Construction Roads will be built to allow access to the site with the construction equipment, material and equipment transport.  Roads will need to be of a relatively high standard during the construction process.  This can be achieved either by use of hard (bituminous) pavement or by a continuos maintenance process.  Roads will also need to be constructed to the borrow sites.





Construction village is needed to house the personnel required to build the project.  It is difficult to accurately estimate of the number of people brought into the area during the construction process, however a rough estimate is that the total number of construction personnel and support people will fluctuate greatly, but not exceed 1,000 people.  The impact on the local community will depend on access temporary construction personnel  have to the area beyond the construction site.





River Diversion or care of water during construction will be most economically accomplished using conduits routed through the base of the dam for RCC construction (tunnels would be used if an embankment dam were used).





Develop Quarries for Construction Materials:  Fine and coarse aggregate are needed for concrete dams and rockfill and filter materials are needed for embankment dam alternatives.





Foundation preparation consists of excavation of overburden and weathered rock to an elevation that will provide a sound and watertight base for the beginning of dam construction.  Grouting will be performed to improve the watertightness characteristics of the rock as needed.





Drill and Blast Tunnels and Powerhouse:  Tunnels will be used for water passages, for access to the powerhouse and for powerline routes from the substation.  The tunnels as well as the caverns for the powerhouse and transformers will be excavated using drill and blast methods.  The rock is of relatively high quality at all alternative sites.  Site C shows a higher percentage of poor quality rock than the other sites.  Rock support methods will be evaluated during excavation.





Construct Dam:   On site concrete batch plant will provide concrete for the RCC dam construction, mixed concrete is typically delivered to dam site via a conveyer system, it is then moved with dump trucks, and compacted with heavy vibratory rollers.  





Fill Reservoir:  Water will be impounded during the construction process.  With the highly variable streamflow in the Cunene river, reservoir capacity is vital for consistent energy production.  Gradual filling of the reservoir allows increased release of river water during the process.





Equipment Installation is performed after the main portion of the powerhouse is completed.  A governing criteria is the availability of hoisting equipment.





Testing:  Once the equipment is installed, a comprehensive testing program is required to insure the equipment operates as anticipated.





The construction portion of the project is estimated to take almost four years give of take a few months for all alternatives.  Dam construction with rockfill is estimated to take longer than the RCC option, however powerhouse construction and equipment installation will determine final completion date of the project.  The entire process is expected to take approximately six years from initiating final design to commercial operation.





Completed Installation





Some aspects of hydropower schemes will be common to all sites.  These features will be described here to avoid repetition in the various section.





Intake





Intake design will take into consideration the environmental requirements for water temperature.  To date the intake design for all alternatives (with the exception of Dam Site C where there is no reservoir) has a duel tunnel intake that draws water from two levels.  Possible future refinements may include use of a intake tower to allow water to be drawn from multiple levels





Water Passages





The powerhouse is located such that the upstream water passage is minimised.  There will be a short horizontal unlined headrace tunnel that will lead to concrete and steel lined penstocks.  The tailrace tunnel will be unlined and will extend several kilometres in all schemes except at Site C.





Powerhouse





The powerhouse will be a conventional underground structure containing the generating units.  Transformers will be placed in a separate cavern as close to the powerhouse as rock conditions permit.  Access to the powerhouse will be through a tunnel 800-900 metres long for sites A, B & E and 300 metres long for site C.  A cable tunnel from the transformers to the surface substation will also act as an emergency exit.





Operators Village





The operators village will accommodate the permanent staff of the powerplant and provide housing and facilities for repair and maintenance personnel.  It is anticipated to have approximately 10 residences, plus a hotel and restaurant for visitors and workers.





Transmission Lines





The transmission line recommended for this project is a 300 kV line from the chosen project site to the Northern Repeater Station (located along the existing Raucana-Omburu transmission line) and from there paralleling the existing line to Omburu.





Dam





Roller compacted concrete (RCC) gravity dams were chosen as the types of dams most appropriate for all site.  The discussion of types of dams is presented in Chapter 13 of the Technical Report.  The individual site dam selection is discussed in Chapters 14 -18.
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Figure 2.1	Typical Civil Works (Site A shown)


�



Description of Scheme A





Scheme A develops the portion of the river from El 710 to 572 m.a.s.l.  In order to provide a more equal comparison to Scheme B (which develops the river from El 710 to 510 m.a.s.l.), Scheme C was conceived to develop the river potential from El 572 to 510 m.a.s.l.  Scheme A will only be evaluated in combination with Scheme C.





The dam is located 4 km upstream of the falls in the position that gave the smallest dam volume and where visual impact was acceptable.





Reservoir High Water Level�
710�
m.a.s.l.�
�
Reservoir Low Water Level�
680�
m.a.s.l.�
�
Tailwater Level�
572�
m.a.s.l.�
�
Maximum Gross Head�
135�
m�
�
Active Storage�
7027�
Mm3�
�
Inundated Area Max. Reservoir Level�
352�
km2�
�
Inundated Area Min. Reservoir Level�
142�
km2�
�
Average Flow�
160�
m3/s�
�
Dam Height�
97�
m�
�
Headrace Tunnel, unlined 85 m2�
0.2�
km�
�
Tailrace Tunnel, unlined 85 m2�
3.9�
km�
�



Completed Hydropower Scheme





Reservoir





The reservoir extends approximately 55 km upstream of the dam at the high water level.  There is a 30 metre fluctuation in the reservoir which will provide a zone that is periodically inundated.  The total area of this periodically inundated zone is approximately 210 km2.





Description of Scheme C





Scheme C is the companion scheme to A that allows a mere equal basis for comparison with Scheme B.  It is located 13 km downnstream of Epupa Falls.





Scheme C has a powerhouse which is integral to the dam.  There are minimal headrace and tailrace tunnels and essentially no storage capability.
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Figure 2.2	Dam Site A


�



Reservoir High Water Level�
572�
m.a.s.l.�
�
Reservoir Low Water Level�
572�
m.a.s.l.�
�
Tailwater Level�
510�
m.a.s.l.�
�
Maximum Gross Head�
65�
m�
�
Active Storage�
~0�
Mm3�
�
Inundated Area Max. Reservoir Level�
~3�
km2�
�
Average Flow�
160�
m3/s�
�
Dam Height�
76 �
m�
�



Description of Scheme A+C





As Dam Sites A & C are considered as a single entity for evaluation, much of the generation and present value information is described for the combined projects.





Installed Capacity�
297�
MW�
�
Firm Scheme Production�
1919�
GWh�
�



Description of Scheme B





Site B is located 7 km downstream of Epupa Falls and utilises the head between elevation 710 and 510 with a single dam and powerstation.  The entire Epupa Falls would be inundated with this scheme.





Reservoir High Water Level�
710.�
m.a.s.l.�
�
Reservoir Low Water Level�
680.�
m.a.s.l.�
�
Tailwater Level�
510.�
m.a.s.l.�
�
Maximum Gross Head�
200�
m�
�
Active Storage�
7809�
Mm3�
�
Surface Area Max. Reservoir Level�
382�
km2�
�
Surface Area Min. Reservoir Level�
164�
km2�
�
Average Flow�
160�
m3/s�
�
Dam Height�
161�
m�
�
Installed Capacity�
300�
MW�
�
Headrace Tunnel, unlined 85 m2�
0.3�
km�
�
Tailrace Tunnel, unlined 85 m2�
6.4�
km�
�
Firm Scheme Production�
1856�
GWh�
�



Completed Hydropower Scheme





Reservoir





The reservoir extends approximately 65 km upstream of the dam at the high water level.  There is a 30 metre fluctuation in the reservoir which will provide a zone that is periodically inundated.  The total area of this periodically inundated zone is approximately 218 km2.
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Figure 2.3	Dam Site B, RCC
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Figure 2.4	Dam Sites B, CFRD
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Description of Scheme E (Baynes)





Site E (Baynes) was chosen as an alternative the Epupa Falls area.  It is located approximately 40 km downstream of the Falls and utilises the head between elevation 580 and 380.





Reservoir High Water Level�
580�
m.a.s.l.�
�
Reservoir Low Water Level�
520�
m.a.s.l.�
�
Tailwater Level�
380�
m.a.s.l.�
�
Maximum Gross Head�
200�
m�
�
Active Storage�
1744�
Mm3�
�
Surface Area Max. Reservoir Level�
94�
km2�
�
Surface Area Min. Reservoir Level�
15�
�
�
Average Flow�
160�
m3/s�
�
Dam Height�
203�
m�
�
Installed Capacity�
300�
MW�
�
Headrace Tunnel, unlined 85 m2�
0.4�
m�
�
Tailrace Tunnel, unlined 85 m2�
1.9�
km�
�
Firm Scheme Production�
1768�
GWh�
�



Completed Hydropower Scheme





Reservoir





The reservoir extends 40 km upstream of the dam at the high water level.  There is a 60 metre fluctuation in the reservoir which will provide a zone that is periodically inundated.  The total area of this periodically inundated zone is approximately 79 km2.
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Figure 2.5	Dam Site E
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