CHAPTER 5	DESCRIPTION OF THE CUNENE RIVER BASIN


                                                                             


                                                                             





5.1		INTRODUCTION





5.1.1		General Description





The Cunene river has its source in the highlands of south western Angola in the vicinity of Huambo, and flows in a southwards direction for a distance of 660 km to Calueque, where the river turns westwards for some 390 km before discharging into the Atlantic Ocean. The catchment area of Cunene is 106,500 sqkm of which 92,400 sqkm lie within Angolan Territory and 14,100 sqkm in Namibia.





Along the western divide in Angola lies an escarpment which drops steeply to the west, and which forms a barrier to humid air coming from the west and giving rise to typical orographic rainfall over the upper part of the catchment. On the eastern side of the Cunene the divide towards the Okavango river basin is not pronounced, with the result that the meterological conditions over the headwaters of the two rivers are similar, a feature of importance for the estimate of the Cunene flow record. The rainfall varies over the catchment from 1300 mm in the upper parts to less than 100 mm per annum in the lower reaches.





The water resource of the Cunene river is substantial, being a perennial river with a mean annual flow of 52 cms at Gove and 165 cms at Ruacana. The annual variation is however considerable, the most serious circumstance being the recorded relatively long periods of drought lasting for several years. This experienced at the Ruacana Hydro Electric power station, lacking a storage for seasonal regulation and accordingly with a large and unpredictable variation in the electric power generation.





Other projects along the Cunene are located in Angola, the Gove regulating dam, the Matala regulating dam and hydro power scheme, and the Calueque regulating dam and pumping scheme.





All these installations were implemented by the former colonial regimes in Angola and Namibia, under agreements between the republic of Portugal and the Union of South Africa, Matala in the 1950s and Ruacana, Gove and Calueque in the 1970s. 





Unfortunately and due to the turbulence in the region the Gove dam has not brought about the intended regulation of the Cunene. The Calueque dam was never completed according to plans, and contains only the pumping plant for provision of water to Ovamboland in Namibia.





The multi�purpose use of the Cunene river has been regulated under various agreements, initially entered into between the Republic of Portugal and the Union of South Africa, agreements ratified 1990 by the People's Republic of Angola and the Republic of Namibia. The agreements of importance are the Second Border Agreement and the First Water Use Agreement in 1926, the Agreement between the Government of Portugal and the Government of the Republic of South Africa in regards to rivers of mutual interest and the Cunene Scheme in 1964, the Agreement between the Republic of South Africa and the Government of the Republic of Portugal in regard to the First Phase Development of the Water Resources of the Cunene River Basin in 1969. 





The most important provision set forth in the agreements for the future multi�purpose developments of the Cunene river being the equal rights to the water resource for the two nations and best joint utilization thereof in the common interest.





As mentioned these agreements were ratified by the Governments of the People's Republic of Angola and the Republic of Namibia in 1990, and simultaneously the Permanent Joint Technical Commission (PJTC) was established for the purpose, and which meets regularly and acts as an advisory and reporting body on the development plans of the Cunene Basin.





The plans for harnessing the Cunene have mainly concerned  streamflow regulation, irrigation, water supply and hydro electric power generation.





Suitable land and soils for irrigation are present along the river course in the two countries, as well as demand for adequate water supplies for various purposes. However, the streamflow regulation has mainly been looked upon in the light of the future development of the large hydro power potential notably in the Lower Cunene. Thus the implementation of the Gove Dam was an important prerequisite for the building of the Ruacana hydropower project and future projects downstream. Likewise the plans to develop the larger Calueqe reservoir were motivated by the same considerations. However, the pumping scheme for irrigation and water supply into Ovamboland in Namibia was the only element effectuated to its planned capacity but without the storage dam completed.





5.1.2		Past Studies





Following the revitalisation of the activities in the Cunene river in the mid 1960s, the South West Africa Water and Electricity Corporation (SWAWEK) was created, which together with Water Affairs Branch of the Administration of South West Africa� Water Affairs was appointed to launch studies and investigations of the Lower Cunene from Roçadas to the sea, which were undertaken by a group of Consultants named the South African Study Group. Simultaneously studies and investigations of the Upper Cunene were embarked upon by the Portuguese authorities, and executed by the Portuguese Study Group concentrating on the upper river from its source to Roçadas, notably the Gove, Jacavale and Calueque dams and reservoirs.





The results of the studies on the Upper river has not been available, but the full set of the result of the South African Study Group has been reviewed. The scope of these studies comprises the following:





Cunene River, Hydro�Electric Potential of Lower Cunene River, including First Phase Development Proposal, Feasibility Report.





Annexure A	Hydrological Studies, Prof D.C. Midgley and HydroConsult


Annexure B	Addendum Hydrological Studies, Prof D.C. Midgley and HydroConsult





Annexure C	Hydro�Economic Studies





Annexure D	Study of Hydro�Electric Power Potential, Part I&II





Annexure E	Consumptive Use Potential





Annexure F	Reconnaissance Survey of Ovamboland Soils for irrigation





Annexure G	Reconnaissance Survey of Riparian Soils





Annexure H	Reconnaissance Survey of Soils in the Mahanene Area





Annexure I	Tourist and Protein Potential





Annexure J	Initial Storage Regulation and Diversion Proposals





Annexure K	Load Flow Studies of 220 kV Transmission System








The studies by The South African Study Group and the Portuguese Study Group were rather comprehensive, and laid the base for the negotiations for the implementation of the Gove Dam, the Calueque pumping scheme, and the Ruacana hydro power project.





However, the recommendations from the group were not fully reflected in the ensuing 1969 Agreement, specifically the Calueque dam was to be built lower with a smaller reservoir than recommended, 460 MCM as compared to 2500 MCM, but with provision of a maximum 6 cms for irrigation and water supply to Ovamboland as initially planned. When assessing the storage requirements on the basis of a 32 year derived record, and out of this selecting the 20 year drought frequency data to determine the permissible draft at 95 % availability,  it was emphasized that for the development of Ruacana and other alternatives downstream of Calueque, an essential requisite would be the construction of both the Gove and the Calueque dams and reservoirs.





Today with the results up to date on the outcome of the 1969 Agreement,  all projects have been implemented. However the operation of the Gove reservoir has not been made as intended due to various problems with the operation and deficiencies of the dam structure, the Calueque with a lower reservoir and the gates not operational, and consequently the Ruacana Hydro Electric scheme operated as a run�of�the river scheme without upstream regulation. The pumping scheme at Calueque is at present operated at about 50 % of the permissible provision of 6 cms.





In recent works by the Department of Water Affairs, Namibia in 1989, estimates were made on the influence of the Gove reservoir on the Ruacana scheme, which showed an average loss of some 200 GWh per annum at Ruacana, corresponding to about 20 cms on the annual average. This above presupposes that about 1000 MCM would be available as net storage volume at Gove. 





It should be noted that the interpretation of the flow records have been made differently as well as the estimates of evaporation losses. The South African Study Group concluded that the average minimum annual regulated flow at Ruacana, taking into account the Gove and Calueque regulations and 6 cms extraction would be 125 cms, while Water Affairs estimates landed on 90 cms.





Apparently all the previous studies and estimates applied an annual average approach, and accepted shortfall/surplus for months and years. 








5.2. 		THE CUNENE RIVER BASIN





The inventory of the Cunene drainage basin (106 500 sqkm) is based on a compilation of existing information from literature and maps (see bibliography), interpretation of Landsat MSS satellite imagery and aerial photographs, and field studies of selected areas such as the Ruacana Falls, the proposed reservoir area and the downstream section.


5.2.1.	Physical Characteristics of the Drainage Area





Geomorphology





The Cunene is one of two perennial rivers reaching the South Atlantic along the 1,300 km long Namibian coast. The other is the Orange River at southern border of the country.





The size of the Cunene drainage basin is 106,500 sqkm of which 14,100 sqkm is positioned in Namibia. The length of the river from its sources to the mouth is 1,050 km. 





The headwaters are situated between the 12th and 13th degrees south latitude, on the crest of the Angola highlands (at elevations between 1,700 and 2,000 metres) to the east of Huambo (1). From the source area it flows southwards for a distance of 550 km before turning south�westwards near Cafu (12). The river then continues for another 150 km before reaching the Ruacana Falls (16). For the remaining 340 km of its westerly course the Cunene forms the border between Namibia and Angola.





The northern water divide follows an east to west oriented uplifted geological belt (“the Lunda swell”) that is an extension of the mineral rich Katanga belt of southern Zaire, reaching the Atlantic coast to the south of Lobito bay in Angola. North of the Lunda swell the drainage is directed towards to the Congo basin. 





The drainage divide separating the drainage basins of the Cunene and the Okavango (to the East) has no pronounced topographical features. The watershed between the Cunene, flowing south, and the river systems draining north�west to the Atlantic has no striking topographical features as well. 





Precambrian rocks (mostly granites) dominate the northern part of the catchment area and the north�western water divide. They are exposed at hilltops and covered by Quaternary sediments in the wide, open valleys. A belt of Gabbro and Norite intrusions characterize the geology of the water divide area to the west of the Bicuari national park.





Cunene falls quite rapidly for the first 330 km to Matala (6). Along this section its north�western tributaries drain the Caconda district (2), which is one of Angola’s high rainfall areas. The river is characterized by several rapids and by an approximately 100 m wide channel distinguished by a river bed of stones and sand, indicating a rapid run�off and little sediment storage within the river system.





Downstream of Matala the river gradient flattens markedly and a floodplain extends without break to the Kazumbue.





Rapids at Calueque,(14) at 17o16´ S is formed. Near the confluence of its left bank tributary, the Chitanda, the Cunene enters an area of ancient sediments (“Kalahari sands”).





The catchment area to the south of Matala, i.e. within the Bicuari and Mupa national parks, is like the floodplain of the main river dominated by calcium�rich sediments which have developed into clayey vertisols. Because of the flat landscape, the impeded drainage and the large lei areas, the eastern water divide within the in Mupa National park is difficult to determine.





The gradient of the flood plain area is very low. It is about 1:3,000 to 1:4,000 for a distance of about 160 km. Upstream of Calueque dam the gradient is given by the bed levels 1099.8 metres at Xangongo (13) and 1088 metres at Kazambue (14) that is a fall of only 11.8 metres in a distance of 72 km. 





The morphology of the floodplain is shaped by the annual floods. The depth of the river varies between less than 1 m during low waters and 4�5 m during floods. 



























































































































































Fig 5.1	The Cunene River Basin. 





From Matala (6) to Mulondo (7), at the southern border of the Bicuari national park, both river banks are muddy and the river channel is characterised by several islands. Along the next 40 km to Quiteve (8), at the left bank tributary Rio Eúla (9), the left bank, i.e. within the Mupa national park is flooded and from there down to Donguena, upstream of Calueque (14), the right hand bank is flooded. North of Humbe (10) the annual floods create a seasonal lake by inundation of the low gradient right bank tributary Caculuvar (11) and the adjoining flood plain.


 


The Kazumbue Rapids, at the Calueque dam, mark a sudden change in the character of the river. As the river turns westwards it leaves its flood�plain and cuts its course into the lower country by a series of five cataracts over the next 37 km to the Ruacana Falls (16).





At Kazambue, the river has left the ancient land surface of the Etosha drainage and begins its steep descent to the coast, with only a slight break in gradient between the Ruacana and Epupa falls (19). In contrast to the low gradient of the floodplain section, the fall from Kazambue to the head of Ruacana falls is 55 m.






























































Fig. 5.2	Profile along the Cunene River. 


Altitudes in metres. 


Distances along the river in kilometres. 





The contrasting geomorphology of the river and its catchment area upstream and downstream of the Calueque dam can be explained by the geomorphological development of the drainage system. The upstream catchment had, like the Okavango today, an internal drainage into the Etosha Pan in the recent geological past through a series of river channels, the Etaka�Nepoko�Ekuma Oshonas (15) which today act as seasonal rivers. 





The division of the old continent along the present coast created a steep topography and a rapid river run�off. Capture by a vigorous coastal stream, i.e. the present Lower Cunene, however, abstracted the water from the channels draining into the Etosha. Therefore, now youthful tributaries of the Cunene are cutting back along the old southward declining valleys towards the heart of the depression. 





The gradual process of reversal of drainage direction has moved the “critical points” from the Cunene towards the Etosha Pan. In one of the channels, the Etaka Oshona, the water partitioning is now about 40 km from the Cunene, and the fall in that distance is about 15 m. If this natural development could continue, i.e. without river regulation etc., the critical point would reach the pan itself, diverting the Etosha drainage into the Cunene River.





Until the development of modern topographical maps of the area it was assumed that the Cunene could spill water into the Etosha Pan during high discharge periods through its old channels. Geomorphological surveys of the confluence areas (Wellington 1938) show however, that this process is unlikely to have happened during the most recent historic time. It was however, still assumed that extreme floods such as the 1935�1936 flood, could enter the Etosha by flooding of the areas to the north of Xangongo (Wellington 1939). Later scientific reports (Beetz 1950) still describe this as an open question in absence of relevant topographical data.





Inventories of Landsat MSS satellite scenes for this study, do not exhibit any prominent easterly channel in the Xangongo area (13), in spite of the low drainage divide and short distance to streams in the neighbouring drainage basin. Because of a parallel left bank low escarpment limiting the flood plain, at least normal floods are likely to overflow floodplain of the right river bank and inundate water in the Caculuvar tributary instead of flowing into the Etosha.





The question of flood drainage into the Etosha has however, inspired the water treaties between Namibia (South Africa) and Angola (Portugal) to allow for a certain amount of water to be diverted to the Etosha Pan, to compensate for loss of “natural” water supply after upstream river regulation.





In the steep gradient area downstream of Calueque the drainage net is influenced by the geological structure and tectonical features like faults and lineaments. The geomorphology of the area between Caluque and Ruacana is dominated by ancient sand dunes causing an impeded surface drainage. Downstream of the Ruacana Falls the landscape is characterized by the bed�rock geology forming the main geomorphological features. 





The rock types belong to the Otavi System, which forms a curving belt from the Grootfontein district westwards into Kaokoveld and northwards to the Ruacana falls (exposures of gneiss and migmatite). The Otavi system is moderately to steeply folded along axes trending north of east in the east and west of north in the west. 





The south�westerly drainage direction is changed to north�westerly some 15 km south east of Swartbooisdrift (17). This direction is maintained for about 100 km until the river reaches an intrusive gabbro�anorthosite complex in which the Epupa falls (19) have been formed. 





The catchment area between the Ruacana and Epupa Falls is characterized by a lower gradient of the main river and by rather large tributary valleys with wide open pediment slopes, in which large amounts of bed load material are stored between extreme floods and run�off events. The major northern (right bank) tributary in this area is the Rio dos Elephantes (18) entering the Cunene some 50 km upstream the Epupa falls.





After the Epupa Falls the drainage is directed towards the west and south west and the river morphology change character entirely, cutting a deep gorge with several cataracts. 





Normally the river channel is narrow. The northern drainage divide between the Cunene and the northerly Curoca (20) river is very close to the Cunene. Only short seasonal streams drain the area north of the main river. The only major river entering the Cunene along its course to the coast is the left bank Marienfluß (22), which is a dry sandy river draining a tertiary basin dominated by terrestrial sandstone.





The river mouth area at Foz do Cunene (23), is characterised by a 70 km wide coastal desert where up to 100 m high sand dunes reach the left bank of the river. Hence the lowermost Cunene shows an interesting complex of recent geomorphological processes including wind blown sediment input to the river, fluvial transportation to the sea, a northerly littoral drift of sand and a regeneration of coastal dunes on the Angolan side by wind erosion of the sand beaches to the north of the river mouth.





The position of the river mouth varies seasonally (Fig 5.3). During periods of receding or low discharge the outlet is located in the northern part of the estuary as indicated on the map (3). This observation is based on interpretation of aerial photographs from May 5 1975, when the Cunene had an approximate discharge of 100 m3/s. During this period the littoral drift, oriented towards the north, is the dominant process closing the peak flood outlet of the river. 





During floods, however the river will break through the bay mouth sand bar in a central position(3b). Observations based on the Landsat MSS scene 182�72 from March 31989 show a central 1000 m wide outlet corresponding to a discharge of about 130 m3s. 





The first map of the Cunene mouth (Esser 1896) shows a northerly position of the mouth some few hundred metres to the south of what is indicated on fig 5.3. The survey was seemingly made at low discharge. The different position of the river mouth indicate the continuous migration of the entire geomorphological system towards the north because of the littoral drift. The modern topographical map (sheet 1712) illustrates a situation where both the central and northern outlets are open. 





The shelf outside the Cunene River mouth is narrow with a shelf break at a depth of 150 m (Department of Economic Affairs 1988). Sand characterizes the shelf surface and most of the sediments, more than 75 %, are terrigenous. Silt is deposited to the north of the Cunene indicating a northerly deposition of river sediments. The organic matter content of the sediments off the Cunene mouth is low (0�0.9 %), which illustrates the past and present water quality of the river (cf. Section 5.3).



























































































































































Fig.5.3.	Geoecology of the Cunene River Mouth 





The sandy sediments supplied to the coastal area by the Cunene including the sediment input from the dune field is transported northward by the littoral drift. Beach formation, formation of coastal dunes and subsequent wind transport to the north east which recreate the dune field in Angola. The littoral drift of sandy sediments has created the large sand spit at Baia dos Tigres (24) some 40 km to the north along the coast.





In summary, the area at the Cunene mouth is the most geomorphologically active area of the of the catchment. The interaction between aeolian, riparian and coastal processes and their seasonal variation has created a geoecological system of scientific importance. The balance between the processes is not known, i.e. within which limits the present transport system and natural seasonal changes can be maintained. The extremes in river discharge however, seems to play a significant role in maintaining an open outlet and in causing the seasonal variation in combination with the other geomorphological processes 





5.2.2.	Land cover and land�use





Satellite image inventory





In order to describe the catchment area more in detail a series of Landsat MSS satellite scenes have been used as a base for a terrain inventory from the areas upstream of the Gove dam to the river mouth (Fig 5.4).





The original false colour composites (1:100,000) have been enlarged to a scale of 1:250,000. Scientific reports and topographical field reference. Field checking of the Ruacana � Epupa area was made from helicopter, oblique aerial photos and conventional aerial photos were used for field reference of the future reservoir area (cf,Chapt 5.4. and 10.2). Conventional air�photos have also been used for studies of the river mouth area.




































































































































































Fig 5.4	Landsat imagery used for the catchment inventory





The Landsat MSS scenes listed in the following table were used as a base for the inventory;and thematic maps (cf.bibliography) have been used for reference.In summary the inventory based on recent Landsat MSS satellite scenes show that:





  .	a proportionally small area of the total Cunene basin has been developed for agriculture. 


  .	the source areas on the Angola highland plateau are characterised by grassland, scattered bush, some afforestation and fairly extensive areas of traditional (shifting) cultivation. In the areas upstream of the Gove Dam the grassland gradually changes into woodland.





  .	the drainage basin from Gove to Matala is covered by miombo woodland, replaced by a more open vegetation type along the north�western drainage divide. 





  .	the natural vegetation has been replaced by intensive cultivated areas around Huambo, along the highway following the north�western watershed and in a central area focused at Matala and Folgares and to centres along the east�west railway line.





  .	the natural land cover changes its character south of Matala into a mosaic of miombo woodland and wet grassland. The latter is covering the valley floors characterized by impeded drainage and vertisols. Tillage dominates the Cunene floodplain, especially the right hand bank also in the national parks (c.f.section 5.3.).





  .	further to the south the climate becomes drier and the vegetation is developed into a more open woodland/bushland. Cultivation dominates the confluence area of the Caculuvar and the Cunene, at Xangongo, whilst the floodplain cultivation becomes less important towards Calueque.





  .	the semi�arid to arid area downstream of the Ruacana falls, is dominated by Mopane bushland and woodland developed on thin lithosols and by groundwater bushland and riparian vegetation belts along the water courses. The main land�use of this area is nomadic grazing (cf. Chapter 10.2).











�
Table 5:1		Inventory of land cover and land�use characteristics a long the Cunene River, based on Landsat satellite imagery.





Scene no�
Registrat�ion 


date�
River 


section/area covered








�
Comments�
�
180�69�
1989�06�10�
The water divide north of Huambo to Cachuco along the Cunene�
Miombo woodland and grassland dominate the part of the northern Cunene catchment area, that is covered by this scene. Grassland characterize the water divide and in vlei (dambo) areas. The woodland increases towards Gove. Irrigation to the south and west of the Gove-reservoir. Cultivation dominate vast areas around Huambo, along the Benguela Railway, along the western watershed (i.e. the Huambo�Lubango highway) and at Chipindo. Surface measure�ments of the Gove dame indicate that it was filled close to its FSL.


�
�
180�70�
1989�06�10�
The eastern water divide of the Cunene basin. The main river course downstream to Techiuacusse�
Miombo woodland dominate the part of the catchment area that is covered by the scene. Cultivated areas appear as isolated “islands” in the forest. Major cultivated areas are to be found along the Caconda�Kipungo rivers, around and to the west of Matala reservoir, centres to the east along the Moçamedes Railway and the Cunene floodplain to the south of Folgares. No signs of active irrigation.


�
�
180�71�
1989�06�10�
The eastern water divide. The main river to Xangongo.�
Miombo woodland and wet grasslands (dambos) dominate the part of the northern part of the catchment area that is covered by the scene (i.e. the Mupa and Bicuari National parks). To the south open bushland and woodland dominates on ancient sand dune areas. Cultivated areas dominate the Cunene floodplain and the Caculuvar valley to Cahma. The Caculuvar is impounded by high waters in the Cunene. No signs of left bank flooding.


�
�
180�72�
1989�05�09�
South eastern water divide and main river from Cafu to Rua Cana�
Open bushland and grassland dominate the part of the catchment area that is covered by the scene. Woodland dominates limited areas to the west of the river. Cultivated areas dominate the Cunene floodplain, the Caculuvar valley and the Rotunda Donguena area north of Caluque Dam.Overgrazing characterize the area to the south of the Angola border. The Caculuvar is impounded by high waters in the Cunene to higher levels that could be observed on the previous scene.


�
�
181�72�
1989�09�21�
Southern water divide. Main river from downstream the Caluque Dam to Garota Nova downstream of Epupa Falls�
Geological features, geomorpho�logical processes (i.e. sand fan accumulation) dominate the scene. Mopane bushland on the mountains and riparian vegetation along the main river and seasonal tributaries are easy to identify. Few sign of cultivation impact.


�
�
182�72�
1989�03�04�
Southern and northern water divides, river mouth area and main river from Grota Nova.�
Geological features, geomorphological processes (i.e. sand fan accumulation such the Marienfluß area, eolian and marine processes at the river mouth) dominate the scene. Bushland on the mountains and riparian vegetation along the main river and seasonal tributaries are easy to identify. Much less tree and bush vegetation.�
�












�
5.2.3		Nature conservation and protection





Four national parks are situated within the Cunene drainage basin (Figure 5.5). In the upstream catchment area the Parque Nacional do Bicuari covers most of the upper Bicuari catchment (a right hand seasonal tributary) and the right hand bank of the Cunene between Lumanha and Mulondo. The entire park lies within the catchment area.

















































































































Fig 5.5	National Parks in the Cunene river basin





The Parque National do Mupa is situated at the eastern water divide, limited to the west by the left bank tributary Eúla and the Cunene between Duiteve and Camba.





Downstream of Epupa Falls Parque National do Iona is situated along the right hand river bank from the falls to the river mouth, where in the lower reaches the Skeleton Coast Park occupies the left hand bank of the river.





The conservation status of the Angolan national parks is at present rather uncertain. Satellite image inventories, however indicate intensive cultivation along the Cunene, i.e. the park boundary in both the Bicuari and Mupa Parks. Contrasting with the situation in the Bicuari Park that has few inhabitants inside the park, larger areas inside the Mupa park have been developed for shifting cultivation. Of the two parks only the Bicuari has an infrastructure developed for tourism. This was, however, damaged during the recent wars.





The Iona park, comprising the area from the Epupa Falls to the coast, is the one of the Angolan parks that probably suffers the largest impact from grazing. Herdsmen utilise the park for grazing competing with the wild species for the limited water resources.





As the northernmost limit of the Skeleton coast park, in Namibia, follows the lower Cunene the entire dune field and river mouth area is protected. This park has an organised infrastructure for visitors and is utilised for scientific research (cf.Simmons 1992) 





The Ministry of Wildlife, Conservation and Tourism in Namibia has plans to declare a 1.4 million hectare part of western Kaokoland as a game park, called the Kaokoland Game Park. The park will extend from the Cunene River in the north to the Hoanib River in the south. The Epupa Falls are located approximately 60 km east of the north�eastern boundary of the proposed park. As early as 1989 the Department of Nature Conservation, local inhabitants and the now defunct administration of Hereros, had agreed in principle to the establishment of this park. The process of independence, however, delayed the tabling of the proposal to Cabinet but this is now apparently imminent. A principle objective of this park will be to ensure that benefits derived from tourism are directly accessible to the local inhabitants. 





The Cunene River part of the park will fall within a special zone in which there will be very strict control over tourism and local use of the environment.There will be facilities for overnight camping at Otjinungwa in the east and near the Hartmans mountains in the west.





The proposed Kaokoland Game Park will abut on the Skeleton Coast Park in Namibia, and together with the adjacent Iona National Park north of the Cunene River in Angola, has potential to be registered as a Man and Biosphere Reserve. The Iona National Park stretches along the Cunene River from the coast in the west to Techipupa in the east. The south eastern corner of Iona National Park is situated at the Epupa Falls. 






























































Table 5.2	National Parks and Protected Areas within the Cunene Catchment


�
5.3		SEDIMENT TRANSPORT AND WATER QUALITY





Sediment transport





The geomorphological development of the Cunene river has created an environment that is particular in terms of run�off and sediment transport. The upper and middle Cunene belongs to a well�developed ancient drainage system characterized by low gradients, annually flooded flood plains and natural deposition environments. In contrast the lower Cunene is (in geological terms) a young river characterized by steep gradients, rapids and a channel controlled  by the bed�rock structure.





The two major river sections also differ in terms of climate and land�cover. The upper and middle Cunene drains a high plateau area with a tropical climate whilst the lower Cunene flows through an area of semi�arid and arid climate.





The climatological and geomorphological differences between the two areas have created two distinct sediment delivery systems to the river. In the upper system fine grained suspended material seems to dominate in combination with chemically dissolved load, contrasting with the lower reaches where the sandy river�beds indicate a higher amount of bed load.





There is insufficient data to make an accurate assessment of the sediment transport at Epupa Falls, therefore this preliminary assessment has to be based on existing data and experience from similar environments. The Department of Water Affairs has collected water samples at Ruacana from the mid�1960s and onwards. The sediment concentration figures do not however, correlate at all with water�level or stream discharge variations and therefore the normally used sediment discharge rating curve method cannot be used in assessing the sediment transport.





This was observed already in 1966 by Midgley et. al who used the acreage of the various landscapes of the catchment area, in combination with possible sediment yields observed from matching environments elsewhere in Southern Africa. Without figures this might be the only practical approach to estimate the sediment yield of a catchment. 





In the case of the Cunene River however, this approach might be unreliable because of the size of the river basin and the internal sediment storage within the drainage system, which might be more important for the actual sediment delivery than the possible yield from the various landscape types.





As a basis for the present estimate a flow duration curve based on hydrological data from the following hydrological years 1961/1962�1978/1979 and 1983/1984�1990/1991 was constructed. Sediment concentration data has been collected by the Department of Water Affairs in periods during the years 1973 to 1991. In total 146 samples have been analysed over the years. As pointed out by  Midgley et. al already in 1966 there is no correlation at all  between the water lever (or discharge) and the concentration figures. 



















































































Fig 5:7 Sediment yield along the Cunene River estimated from reservoir sedimentation data from similar environments in Southern Africa. Because of the type of background data, the presented figures can not be used to predict the sediment transport to the Epupa reservoir, but illustrate the magnitude of the regional variation within the river basin.





Therefore the median sediment concentration for different intervals was classed in the following way:



































These figures were used for a calculation based on the flow duration curve. This estimate gives an annual suspended sediment transport at Ruacana of about 430 000 tonnes. As the catchment downstream of Ruacana has a different character compared to the upstream reaches, i.e. steeper gradients, semi�.arid climate, etc.) the sediment yield at Epupa Falls has to be based on the suspended figures from Ruacana plus the probable yield from the additional catchment between the two sites (approx. 5 400 km2). 





Using the global sediment yield maps produced by Fournier (1960) and Strakhov (1967) the annual yield should be in the range of 0�25 t/ km2 /y and 10�50t/ km2/y respectively, compared to the estimated yield upstream of Ruacana of about 5 t/km2 /y. Several works have correlated sediment yield and annual precipitation. The most well known is the curve by Langbein and Schumm (1958) which is based on sediment data from 94 US stations. Applying their graph to the actual area between Ruacana and Epupa and additional yield of about 250t /km2/y can be expected.





The bedload upstream of Ruacana is of little importance for the expected sedimentation at Epupa as it is likely to be trapped in the upstream reservoirs. In the valley section between Ruacana and Epupa there are however, many evidences for an important bedload transport. Judging from the sediment concentration figures therefore an additional 30 % has to be added


for bedload to Epupa.





�
		Two alternatives giving us a range of the annual transport can therefore be presented:

































































In summary the discussion the annual inflow of sediment to the Epupa reservoir will be in the range of about 0.5 � 1.1. million tonnes per annum. It is likely that the calculations based on sediment concentrations will underestimate the actual transport as very few observations were made during the rising limb of the hydrograph which most probably are responsible for both the highest concentrations and transportation rates.





It is furthermore difficult to compare this result with the estimates made by Midgely et. al (1966) as they obviously are based on a compilation of reservoir sedimentation data (as indicated by the expression in volume). It is however interesting to observe that the highest estimated yields also in the previous estimate represent the semi�arid area downstream of Rua Cana.





Dissolved load and water quality





It has long been understood that the chemical and physical properties of the rock and soil in a drainage basin exert a strong control over the solute content of stream water. Agricultural practices such as fertilisation and other changes of the land�cover may also influence the total transport of dissolved matters as well as the sediment load. At the Rua Cana gauging station about 50 samples of the dissolved load have been analysed, and 78 measurements have been made of the conductivity. 


About half the number of samples were taken around 1980, which is a period with uncertain stream�flow data. It has however, been possible to make a brief correlation between the discharge and the dissolved load. By utilising the same flow duration curve as used for the assessment of suspended load it has been possible to make a brief assessment of the annual dissolved load to be about 200 000 tonnes at Ruacana or 2.3 tonnes/km2/year. The semi�arid area between Rua Cana and Epupa is likely to contribute less per area and therefore the figure will also  give us an idea about the expected amount at Epupa Falls.















































Table 5.3	Summary of water quality characteristics for Ruacana








Several detailed chemical analyses, have been made by the Department of Water Affairs of the Cunene water over the years.  To summarise the results of the water analyses the water has a low salinity, which make it suitable for irrigation of most plant types on most soil types. The water furthermore, has a low sodium content which makes it suitable for irrigation of almost all soils and crops except those very sensitive to sodium. Excluding the turbidity, the water has been characterized as excellent for drinking water.








�
5.4		DESCRIPTION OF EXISTING DAMS AND INSTALLATIONS	





Figure 5.7 gives an artistic oversight of hydraulic works within the Cunene River upstream of Ruacana.





5.4.1		Gove Dam





Gove Dam was built by the Portuguese Government and essentially completed in 1975.





The construction costs of the scheme were financed by the South African Government, 50% as a grant and the remaining 50% as a loan to be redeemed in 20 annual payments.





The objective with the Gove Dam project was :





  -	primarily to regulate the flow of the Cunene River for optimal hydro�electric power generation at Ruacana;





  -	secondary to provide storage for water supply for human and animal consumption and irrigation along the middle Cunene River within Angola and to generate hydro�electric power for local consumption.





The Gove Dam embankment consists of a gravity earthfill, 58 m high and with a crest length of 1111 m.  The storage capacity at full supply level of 1590 m above mean sea level amounts to 2,574 MCM with a maximum spillway capacity of 500 MCM.





Two galleries of diameters 6 m and 8,21 m and respective lengths of 290 m and 302 m have been built to serve the hydraulic and flood discharge systems.





The outbreak of hostilities in 1975 prevented final completion of some components of the project in accordance with design specifications and the project was never commissioned. 





During 1988, as a result of war actions, damage was done to the hoisting equipment of the emergency /service gates in the intake works as well as the valves discharging into the spillway tunnel.


During 1990, as a result of further war actions, an attempt was made to demolish the dam wall. This was attempted by igniting explosives  in the left flank access gallery as well as in a portion of the gallery itself. Although these attempts was unsuccessful it caused cracks in the embankment to such an extent 



































































































































Fig 5.7	View of Hydraulic Works





that the Angolan Government decided to lower the storage level of the dam to a safe level of about 40% of full storage capacity.  This would also enable temporary repairs to be undertaken.  In addition the construction of the downstream slope protection not to specification, caused severe erosion as well as a suspicion that the soil in the fill material is dispersive.  This put the safety of the project in jeopardy and an in depth investigation and a complete re�evaluation are deemed necessary.








5.4.2		Matala Dam








The objectives of the Matala Dam were:





  -	to generate hydro�electric power for use in Angola;





  -	provide storage for primary water supply to local development and irrigation downstream of the dam.





The dam was completed in 1954 by the Portuguese government and consists of a concrete gravity wall, sixteen metres high and with a crest length of 1035 metres.  The full supply storage capacity is 60 MCM.





The Matala dam hydro�electric system is still in operation and has an installed capacity of 27 MW while a new 13 MW unit is planned to be installed in the near future.





The 3000 ha irrigation scheme below Matala Dam which was developed during the colonial time has been non�operative for many years due to problems with the main canal.








5.4.3		Calueque Dam





Construction of the Calueque Dam started in 1972, but was never completed as the works were abandoned in 1976 due to deteriorating war conditions in the region. The dam is situated within the Cunene River upstream of the Ruacana hydro�electric power station and within Angolan territory.





The full construction costs were borne by the South African Government.





The objectives of the Calueque Dam Project were:





  -	to serve as an intermediate storage and weekly flow regulating structure for optimised power generation at Ruacana;





  -	to supply water for human and animal consumption in Namibia and initial irrigation in Owambo;





  -	to provide storage for some irrigation downstream of the dam within Angola.





Calueque Dam consists of three components viz :





  -	a southern earth embankment which has been completed;





  -	a central concrete section incorporating the existing pumpstation, a new pumpstation outlet structures as well as a mass gravity gated spillway section with 10 spillway bays;





  -	a northern earth embankment not yet completed and in the mean time seriously damaged by rain water.





Reception frames for stoplogs and guide frames for the radial gates in the centre spillway have been completed only partially. The result is that Calueque reservoir at present can only store water up to the crest of the spillway or 1092 m above mean sea level with a storage capacity of 12 MCM only. The full supply storage capacity as originally planned for Calueque is 475 MCM.





Recent studies indicated that the Calueque storage only contributes quite marginally to the hydro�electric power generation at Ruacana and there seems to be strong support to modify Calueque Dam to a storage capacity in the order of 30 � 40 million cubic metres only.  This proposal is based on the judgement that the probability of failure to supply 6 cm to Namibia at this storage capacity, is sufficiently low.





Due to bombing raids on the works extensive damage has been done


to:





  -	concrete works (central section)





  -	bridge deck and walk ways





  -	hydraulic steelworks including pumpstation intakes, pumpstation gauntry





  -	electrical works





In order to reinstate Calueque Dam as originally envisaged, the following would have to be done :





  -	completion of northern embankment





  -	completion of hydraulic steelwork and electrical installations





  -	completion of northern upstream flank wall





  -	repair of damages in concrete section





  -	erection of handrails





  -	enclosure to new pumpstation and outlet works





The total estimated costs for these works amounts to some R 30 million.





The water supply capacity of the current Calueque Pumping Station is either at 2 cms with one pump, or at 3,5 cms with two pumps in operation.





The pumps supply water through a 1600 mm and 2,4 km long surface steel pipeline with a design capacity of 6 cms, into a 12 km long concrete lined canal of 10 cms capacity, to the border from where water is further conveyed in a precast 9,5 km long concrete slab canal up to the Olushandja Balancing Dam in Owambo.








5.5		EXISTING AGREEMENTS





5.5.1		Agreements between the Government of the Republic of Portugal and the Government of the Union of South Africa





(i)	Second Border Agreement : June 22, 1926





Article 1 of the Treaty entered into at Lisbon on 30 December 1886 between the Government of His Majesty the German Emperor and the Government of His Majesty the King of Portugal, describes the boundary line at the time, defining the German and Portuguese possessions in what then was South West Africa.





After the Union of South Africa took mandate over the Territory in 1919, a smouldering dispute regarding the boundary between the Territory and Angola, in particular as to the identity of the Water Falls of the Cunene River, revived.





Whereas both Governments desired to settle the dispute they agreed as follows :





  -	The Water Falls implicated in Article 1 of the Treaty of 1886 shall be the great falls which are today known as the Ruacana Falls.





  -	The boundary between the Territory and Angola shall be the middle of the Cunene River from its mouth up to a defined point on this line on the lip of the falls.  From this point the boundary follows the parallel of the latitude passing through a fixed beacon on the left bank of the river to a point where it cuts the middle line of the Okavango River, and hence as defined in Article 1 of the Treaty of 1886.





(ii)	First Water Use Agreement :  July 1, 1926


Having solved the boundary dispute satisfactorily, both governments recognised the common use of water at Ruacana Falls and further downstream.





The Government of the Republic of Portugal, whilst retaining its sovereign rights intact, conceded to the government of the Union of South Africa as Mandatory the right to construct works within the Portuguese Territory.





The agreement further spells out the conditions under which such hydraulic power and diversion works could be undertaken.





Article 9 of the Agreement also instituted the first Joint Technical Commission :





"to devise a means of supplying water for the purpose of inundation and irrigation in the Mandated Territory".





�



5.5.2		Agreements between the Government of the Republic of Portugal and the Government of the Republic of South Africa





(i)	Second Water Use Agreement : October 13, 1964





The two governments:





  �	recognised the mutual advantage and importance of collaboration in the development of the water sources of river basins of mutual interest.





  �	underscribed the importance of rivers in the development of their territories, mainly concerning water supply, irrigation, power generation and flood control.





  �	adopted the principle of "best joint utilization" in the development of the water resources of basins of common interest rivers.





  �	adopted the two distinct channels of collaboration namely on a pure technical level and negotiations on a diplomatic level.





The Agreement further:





  �	required of the South African Authorities to submit specific plans for diversion of Cunene water into Owambo for approval by the Portuguese Government.





  �	dealt with the technicalities of increasing the power generation at Matala Scheme and possible supplying of surplus power to the South West African border for consumption in the Territory.  Financing aspects were addressed as well. This provision was never substantiated further.





  �	outlined in broad terms the framework of the plan to develop a dam upstream of Matala for maximum flow regulation, as well as the works necessary for power generation at Ruacana.  The green light was given to the two governments to appoint engineering teams, and to proceed with investigations, with special emphasis on the hydro�electric potential of the Cunene River and formulation of  development priorities.





(ii)	First Phase Development of the Water Resources of the Cunene River Basin, January 21, 1969





This agreement supervened the aforesaid 1964 agreement in pursuit of comprehensive studies, various discussions and negotiations on both the technical and diplomatic levels.





A Permanent Joint Technical Commission was to be established to study and report to the governments in an advisory capacity on matters relating to the agreement.





The agreement dwelled in detail on the works to be executed in the first phase:





  �	Gove Dam to be built upstream of Matala to a full supply level of 1590 metres above mean sea level (South African datum) for the purpose of further regulation of the flow of the Cunene River in accordance with requirements of the to be built Ruacana Power Station.





  �	the Calueque Dam and pumping scheme to supply water for human and animal requirements in 'South West Africa' and for initial irrigation in Owambo.





  �	the hydro�electric power station at Ruacana and associated diversion works for the generation and supply of power mainly to "South West Africa".





The agreement construed the two governments' responsibilities regarding the design, construction, financing, operation and maintenance of the above works.





By virtue of South Africa's contribution towards the cost of the Gove dam, Portugal agreed not to abstract more than 50% of the resulting regulated flow of the river which, for the purpose of the Agreement, was taken as 80 cubic metres per second at Ruacana, subject to adjustment when the agreed hydrological analyses referred would become available.





The Government of the Republic of Portugal agreed to the immediate construction and operation of the Calueque project for the diversion by means of pumping of water from the Cunene River for human and animal requirements in South West Africa and for initial irrigation in Owambo. The agreement allowed for the abstraction of 6 cms, and provided for future negotiations on further abstractions for the same purpose.  





With regards to Ruacana the royalty rate was to be based on a forecast of power generation at Ruacana, estimated by the South African Authorities, calculated to provide a total income over a period of twenty years equal to the sum of the twenty equal annual payments for redemption and interest to be made by Portugal in respect of the loan to Portugal for Gove dam.





The calculation was to be based on one half of the flow at Ruacana regulated by Gove, as if no abstraction of water had been made from this flow upstream of Ruacana by the Portuguese Authorities.  The royalty rate should be revised at intervals of five years and for the purposes of the Agreement, the initial rate to be used for the first five years after the start of commercial operation of Ruacana power station was assumed to be 0.11 cents of a Rand per Kilowatt�hour generated.





An Operating Authority was to be established for the works as well as a Liason Officer by and for the South African Government.





5.5.3		Agreements between the Government of the Republic of Namibia and the Government of the People's Republic of Angola





(i)	Agreement in Regards to the Development and Utilization of the Water Potential of the Cunene River:  September 18, 1990





The agreement gave recognition of the importance, of the historic agreements from 1926 to 1969, with specific reference to the 1926 agreement between the governments of Portugal and South Africa.





In the capacity of being sovereign states, the two governments contemplate a new agreement for the development and utilization of the waters of the Cunene River, as envisaged in the 1969 agreement hereinbefore.  Both governments affirm and endorse the terms of the 1926, 1964 and 1969 agreements.





Being aware of the fact that project proposals of the 1969 agreement, have been completed only partially, and that neither party has been able to derive its equitable benefit from these schemes to date, and realising that Namibia is becoming increasingly dependent upon the Republic of South Africa for its power needs, the two governments expressed concerns to promote further development of the region and to encourage a spirit of good neighbourliness.





There is however also a need for amplification and amendments of and additions to certain articles of the said agreements to suit changed circumstances.





The two governments therefore agreed to :





  �	Establish the Joint Operating Authority in terms of article 4.2.8 of the 1969 agreement, to ensure maximum flow regulation at the Gove dam for optimum power generation along the middle Cunene and to ensure continuous operation and adequate maintenance of the pumping works at Calueque and the Ruacana diversion weir.





  �	to allow the Permanent Joint Technical Commission, established in terms of Article 2.2 of the 1969 agreement, to evaluate the development of further schemes on the Cunene River to satisfy future power needs of both countries.





(ii)	Protocol of Agreement on the Development of a Hydro�Electric Generating Scheme, in principle, on the Cunene River, October 24, 1991





The agreement was a follow�up of the aforesaid 1990 agreement and recognised :





  �	approval by the Namibian Government for the erection of a further hydro�electric power station in the Epupa region in order to attain self�sufficiency in electrical energy supply





  �	submission of a pre�feasibility report on such scheme by the Namibian Government, to the Permanent Joint Technical Commission.





The two governments thus agree to the joint development of such a scheme and to appoint representatives to negotiate on behalf of the respective governments various related aspects, and to prepare a comprehensive agreement for consideration and approval by both Governments.





5.5.4		Conclusion





By ratifying the old Agreements on the equitable use of the Cunene river, and the schemes implemented on the basis of those agreements, the Governments of Angola and Namibia recognize the Cunene as a common water resource to the two countries and the principle of equal rights to the use of the resources.





The existing agreements however exclusively deal with the developments upstream in Angola, the Ruacana hydro power scheme and the Calueque water diversion. Thus the utilization of the river reaches downstream of Ruacana has to be subject to negotiations of a new agreement between the countries.





As will be demonstrated later in this report the feasibility of the Epupa scheme is sensitive to potential upstream water abstractions and accordingly, as indicated in the 1990 Agreement, there is a need for certain amendments and modifications to the old Agreements in connection with the negotiations of an Epupa agreement. 
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