Chapter 5:

evaluation of the physical environment









The Physical Environment



This chapter assesses the two sectoral studies of fluvial and geomorphological environments plus physical environmental characteristics of the Cunene Delta Complex.  The fluvial and geomorphological subject matters are treated in some detail partly to illustrate the approach used in completing the evaluation matrices.  Therefore only this chapter presents the full set of evaluation matrices based on high/moderate/low scores with the sum of “high” scores as the bottom line.



fluvial environment



Alternatives A + C



The fluvial environment of the combined A+C scheme will basically affect the following three river reaches identified as:



The section between Zebra and the A dam site

The section between the dam and Epupa Falls (including the falls).

The gorge section between Epupa falls and the C dam site.



	The following descriptions support the evaluations presented in Tables 5.1 and 5.2:



The river channel of the inundation area upstream dam site A encompasses a longitudinal "pool and riffle" morphology characterised by elongated deep pools ending with bedrock thresholds, creating rapids and upstream braided river sec�tions. The braided sections consist of flood discharge channels subse�quently drying out during the annual low di�scharge period. Overbank sedimen�tation of sand is a common sedimentation process du�ring extreme floods. The overbank sedimentation has created a narrow sandy "floodplain" that wi�dens out upstream of the bedrock thresholds, i.e. the land unit the Cunene ripa�rian zone. 



The area be�tween Zebra and Epupa falls is furthermore a sub-catchment area of fairly large seasonal streams (ephemeral rivers) that in their lower reaches (i.e. within and close to the proposed full supply level of reservoirs A or B), from a sedimentological point of view, are similar to the main river as overbank sedimentation and the formation of large sediment fans are common processes, especially at the main river con�fluences. Because of the size of the local catchment areas (cf. Fig 2:5), the seasonal streams also act as important ground water aquifers (cf. Jacobsohn et.al., 1995). The geomorphol�ogy of the river chan�nels is furthermore highly diverse, and the drying out of high wa�ter channels and ponds crea�tes micro Òwet-landsÓ along the river courses that, in some cases, contain water well into the dry season.



The local catchment areas do not contribute large quantities of sediment to the main ri�ver (because of the dry climate), but all the seasonal river channels, however, contain large quantities of sediment in storage. Most of the sediment produced and trans�ported by the seasonal streams is coarse grained sand and will therefore settle close to the water level of the proposed reser�voir. Experience from the Mtera reservoir in Tanzania (located in a similar physical and climatic envi�ronment) shows that the bulk of the sedi�ment contri�bution from the seasonal streams will settle in the area between the full supply and the drawdown levels of the reservoir, hence reducing the live storage of the reservoir. This will be especially pronounced in the Epupa A (and B) alter�native with a large and fairly shallow drawdown area. 



The short river section between dam site A and the Epupa Falls is essentially similar to the upstream section. The small size of the area, the lack of any large seasonal tributaries and the existence of the Epupa falls are the main exceptions. 



From a geological perspective the Epupa falls have been formed by a recent rejuvenation of the topography by regional up-lifting causing back�ward downcutting of the river through the present gorge downstream of the falls (at dam sites B, C and E). One geo�morphic evidence for this development is the downstream lateral bed-rock terraces cove�red by coarse grained alluvium, that probably correspond to the erosion surface formed by the plains of the Epupa area (c.f. Fig. 2:2 and 2:4). 



The terraces are best developed between dam site E and Foz do Cunene. Hence the water falls form a distinct natural boundary, not only between two river sections of different fluvial process activity and channel morphology, but also between two slightly different terrestrial landscapes. 



If the A+C scheme is implemented, the dynamic geomorphological develop�ment of the re�maining river section will become static. If the falls are enti�rely bypassed by a tailrace tunnel, not only the main channels will cease to operate but also the flood channels acting as dry season ÒmicroÓ wet-lands. If a minimum flow is released over the water falls, its only value will be scenic as the natural seasonal discharge fluctuations over the falls and in the remaining high-water channels will be disrupted as well as the continued sedimentological development of the remaining short section of the Cunene riparian zone. From a fluvial process point of view the impacts associated with the A+C development are therefore similar to those associated with dam site B.



The remaining section between the Epupa falls and dam site C, is characterised by a deep cut gorge and a fairly uniform river channel. The fluvial environment has a low geomorphic diversity as the pool and riffle morphology and overbank sedimentation environment is sub�stituted by a gorge of highly fluctuating water levels, apparently with no or little in-channel or overbank sedimentation. The environmental impacts on the fluvial environment will, from a physical point of view, be low.



Table 5:1	Rarity and diversity of key fluvial land units, Alternative A+C



Key parameters:�Rarity����Diversity���Local�Provincial�National�International���Key habitat:�������Seasonal streams�High�Moderate�Low�Low�High��Cunene riparian zone�High�High�High/Moderate�Low�High��Cunene River�High�High�High/Moderate�Low�High��



�

Table 5:2 	Key impacts on the fluvial environment, Alternative A+C



Key impacts�������Construction activities�������Key parameters:�Dams and tunnels�Quarries�Roads�Transm.

lines�Camps��Diversity�High�High�High�Low�Low��Rarity�High�High�High�Low�Low��Sensitivity�Moderate�High�Low�Low�Low��Barrier effects�Moderate�Moderate�Low�Low�Low��Research inter.�Moderate�Moderate�Low�Low�Low��Area�Moderate�Moderate�Low�Low�Low��( High�2�3�2�0�0��





Key impacts������Operation phase������Key parameters:�Inundation�Draw down of reservoir�Water

diversion�River

regulation��Diversity�High�Moderate�High�Moderate��Rarity�High�Moderate�High�Moderate��Sensitivity�Moderate�Moderate�High�Moderate��Barrier effects�Moderate�Moderate�Low�High��Research inter.�Moderate�Low�Low�Moderate��Area�High�High�Moderate�Moderate�� ( High�3�1�3�1��



Motivations to high rankings (rarity and diversity):



In a local and regional perspective all the three fluvial landsystems (key habitats) have a high degree of rarity. The Cunene River and the Cunene riparian zone (overbank sedimentation zone) are rare in local and provincial perspectives as the Cunene is the only permanent stream in north-western Namibia and neighbouring Angolan areas. As illustrated by table 2:2, the sur�face areas of the aquatic environment and the riparian zone (quantified by digital satellite remote sensing) are by far larger than those of any other sur�veyed river section between Ruacana Falls and Baynes. The areas are larger both in terms of ac�tual area and in proportion to the length of the river. The larger size of area upstream the falls is caused by the pool and riffle morphology of the river, that locally has created braided rivers with wide channels upstream the bed-rock thresholds (rapids). The riparian zone has been formed by overbank sedimentation during extreme floods.



Being one of two permanent rivers reaching the Atlantic Ocean in Namibia the Cunene River is also considered rare in a national perspective, whilst the same river in an Angolan perspective can be considered as moderately rare, in a fluvial perspective, as several of the Angolan rivers, such as the Cuanza, have a similar geomorphology and similar fluvial process activity.



The seasonal streams (ephemeral rivers) are rare in a local perspective because of the large catchment areas (compared to other tributaries along the Lower Cunene (Fig. 2:5) and their sedimentation pattern.



The diversity of the fluvial environment is high because of the rich variation fluvial geomorphology of both the main river and its tributaries.



Motivations to high rankings (key impacts during construction):



Dams, tunnels and quarries: Construction work at site A will highly influence the fluvial processes (overbank sedimentation) of the section of the Cunene riparian zone that will remain after the completion of the project, i.e. upstream of the water falls. It can be claimed that the natural fluvial conditions already have changed because of the present ri�ver regulation, but the temporarily bypass of water and the quarrying of river sediments will to a higher degree affect the river, between dam site A and Epupa Falls, in comparison to the present and future impact by regulation (cf. Section 2.1). This in compari�son with any other of the downstream sections of proposed dam sites, i.e. downstream of B, C and E as they all are composed of deep gorges lacking the overbank sediment depo�sits.



The high impact of roads on the fluvial environment is caused by the encroachment of the riparian zone downstream dam site A.



Motivations to high rankings (key impacts during operation):



The high impact by inundation on diversity, rarity and area refers to the loss of the highly diverse fluvial habitats (cf. Table 2:2, 2:3).



The high impact by drawdown of reservoir on area refers to a large area of the lower seaso�nal streams that will be affected by the drawdown (cf. Table 2:2). A likely development is the creation of subsequent sand fans between the full supply level and the drawdown.



The high impact by water diversion on diversity, rarity and sensitivity refers to the im�pact on the river section between the dam site and water fall as well as the impact on the water falls. From a fluvial process perspective the possible water release over the falls (cf. Chapter 1) will only be of a scenic value and will therefore not reduce the high ranking, which is based on scientific reasons.



The high impact by river regulation on barrier effects refers to the likely higher sediment trap efficiency of the large Epupa (A or B) reservoir compared to the smaller Baynes reservoir (E) and the subsequent potential influence on the downstream sediment conditions.



Alternative B



The fluvial environment of the B scheme will basically affect the following river sections: 



The section between the Zebra dam site and the Epupa Falls;

The Epupa Falls;

The gorge section between the Epupa falls and the B dam site.



In principle similar environmental impact on the fluvial environment will be caused by this scheme as by the combined A+C alternative (cf. Section 5.1.1). The main difference is the loss of the waterfall and its surrounding areas. The lower direct impact by construction roads and water diversion on the fluvial environment (cf. Table 5:4) is caused by the lesser en�croach�ment into the sensitive riparian zone, that on the other hand will be entirely lost by an inunda�tion at B. 



The operation phase will, however, cause higher rankings on the research interest as the water�fall will be lost for future research on the historical fluvial development of the Lower Cunene. From a sci�entific point of view the slight scoring difference between the B and A+C alternatives with regard to impact on the fluvial environment is insignificant. 



Table 5:3 Rarity and diversity of key fluvial land units, Alternative B



Key parameters:�Rarity����Diversity���Local�Provincial�National�International���Key habitat:�������Seasonal streams�High�Moderate�Low�Low�High��Cunene riparian zone�High�High�High/Moderate�Low�High��Cunene River�High�High�High/Moderate�Low�High��



Table 5:4 Key impacts on the fluvial environment, Alternative B



Key impacts�������Construction activities�������Key parameters:�Dams and tunnels�Quarries�Roads�Trans.

lines�Camps��Diversity�Moderate�Moderate�Moderate�Low�Low��Rarity�Moderate�Moderate�Moderate�Low�Low��Sensitivity�Moderate�Moderate�Low�Low�Low��Barrier effects�Moderate�Moderate�Low�Low�Low��Research inter.�Moderate�Moderate�Low�Low�Low��Area�Moderate�Moderate�Low�Low�Low��( High�0�0�0�0�0��





Key impacts������Operation phase������Key parameters:�Inundation�Draw down of reservoir�Water

diversion�River

regulation��Diversity�High�Moderate�Moderate�Moderate��Rarity�High�Moderate�Moderate�Moderate��Sensitivity�Moderate�Moderate�Moderate�Moderate��Barrier effects�High�Moderate�Low�High��Research inter.�High�Low�Low�Moderate��Area�High�High�Moderate�Moderate��( High�5�1��1��



Motivations to high rankings (rarity and diversity):



In a local and regional perspective all the three fluvial landsystems (key habitats) have a high de�gree of rarity. The Cunene River and the Cunene riparian zone (overbank sedimentation zone) are rare in local and provincial perspectives as the Cunene is the only permanent stream in north-western Namibia and neighbouring Angolan areas. As illustrated by table 2:2, the sur�face areas of the aquatic environment and the riparian zone (quantified by digi�tal satellite remote sensing) are by far larger than those of any other sur�veyed river section between Ruacana Falls and Baynes. The areas are larger both in terms of ac�tual area and in proportion to the length of the river. The larger size upstream the falls is caused by the pool and riffle morphology of the river, that locally has created braided rivers with more and wide channels upstream the bed-rock thresholds (i.e. rapids). The wider riparian zone has been formed by overbank sedimentation during extreme floods. The small difference (i.e. increase) in impact on the most sensitive fluvial environments (the Cunene and the riparian zone) that is caused by the additional 5 km between dam site A and the falls, if the B alternative is selected, does not, however from a scientific point of view cause any dif�ferent impact classification (cf. Section 5.1.1).



Being one of two permanent rivers reaching the Atlantic Ocean in Namibia the Cunene River is also considered rare in a national perspective, whilst the same river in an Angolan perspective can be considered as moderately rare in a fluvial perspective as several of the Angolan rivers, such as the Cuanza, show a similar geomorphology and similar fluvial process activity.



The seasonal streams (ephemeral rivers) are rare in a local perspective because of the large catchment areas (compared to other tributaries along the Lower Cunene, c.f. Section 2.5) and their sedimentation pattern. No major seasonal streams are added between dam sites A and B and therefore the ranking is the same as in the A+C alternative.



The diversity of the fluvial environment is high because of the rich variation fluvial geo�morphology of both the main river and its tributaries.



Motivations to high rankings (key impacts during operation):



The high impact by inundation on diversity, rarity and area refers to the loss of the highly diverse fluvial habitats (cf. Table 2:2). The high impact on research interest is caused by the permanent loss of the water fall area for future comparative studies of the geomorphological history of the region. In similarity, for instance impacts on ar�chaeology, this can be compensated for by a documentation of the falls prior to project implementation.



The high impact by drawdown refers to the large areas of the lower seasonal stre�ams that will be affected. A likely development is the creation of subse�quent sand fans between the full supply level and the drawdown. The high impact by river regulation on barrier effects refers to the probable higher sediment trap efficiency of the large A (or B) reservoir compared to the smaller Baynes reservoir (E).



Alternative E



The river section between the Epupa falls and dam site E is characterised by a deep cut gorge and a fairly uniform river channel. The morphology of eastern and western sections conforms to the terrain outlined in Fig. 2:3, whilst the central portion corresponds to the geo�morphology outlined in Fig. 2:4. The Cunene River is characterised by a deep rocky river channel, occasional deposits of sand on some of the steep canyon slopes. The tributaries of�ten enter the main river through rocky channels with river beds of coarse alluvial material (gravel to boulders). 

�The size of the local catchment areas draining into the reservoir is smaller compared to the Epupa A and B alternatives (cf. Fig 1:9), as is the area to be lost by inundation, 240-350 km2 at Epupa B versus 40-45 km2 at site E (cf. Table 1.1). The Cunene River is less varied be�cause of the gorge and the deep and narrow river channel as well as due to the absence of po�tential sites for overbank sedimentation. The Cunene riparian zone is more or less absent which is reflected by the geomorphological statistics presented in Table 2:2. As can be seen in the same table, the aquatic environment (the water surface area) is signifi�cantly smaller, compared to the Epupa B (or A) alternative. In the Zebra to Baynes river section the aquatic environment (composed by main channel, braided sections and flood channels) is estimated to approximately 30 ha/km length of the river which can be compared to 3 ha per km of river length for the Baynes (E) alternative.



The seasonal streams draining into the Baynes reservoir (E) will not be affected to the same degree as those of the Epupa area as they connect in the canyon or through a deep cut rock channel through the bedrock terraces along the river.



In summary the fluvial environment has a low geomorphic diversity as the pool and riffle morphology and overbank sedimentation environment is sub�stituted by a gorge of highly fluctuating water levels, apparently with little or no in-channel or overbank sedimentation. The environmental impacts on the fluvial environment will be low from a physical point of view, which is valid for any hydropower development in this river section.



Table 5:5	Rarity and diversity of key fluvial land units, Alternative E



Key parameters:�Rarity                ����Diversity���Local�Provincial�National�International���Key habitat:�������Seasonal streams�Low�Low�Low�Low�Low��Cunene riparian zone�Low�Low�Low�Low�Low��Cunene River�Low�Low�Low�Low�Low��

Table 5:6	Key impacts on the fluvial environment, Alternative E



Key impacts�������Construction activities�������Key parameters:�Dams and tunnels�Quarries�Roads�Trans..

lines�Camps��Diversity�Low�Moderate�Low�Low�Low��Rarity�Low�Moderate�Low�Low�Low��Sensitivity�Low�Moderate�Low�Low�Low��Barrier effects�Moderate�Moderate�Low�Low�Low��Research inter.�Low�Low�Low�Low�Low��Area�Low�Low�Low�Low�Low��( High�0�0�0�0�0��

�

Key impacts������Operation phase������Key parameters:�Inundation�Draw down of reservoir�Water

diversion�River

regulation��Diversity�Moderate�Low�Moderate�Moderate��Rarity�Low�Low�Moderate�Moderate��Sensitivity�Low�Low�Moderate�Moderate��Barrier effects�Moderate�Low�Low�Moderate��Research inter.�Low�Low�Low�Moderate��Area�Low�Low�Moderate�Moderate��( High�0�0�0�0��

The small area to be affected, the smaller drawdown area and the low diversity give this alternative no high ranking with regard to impacts on the fluvial environment.





landscape geomorphology and terrestrial geo-morphological processes



All Alternatives



In Sections 2.1 and 5.1 it has been clearly demonstrated that distinct differences are to be found between the physical fluvial environment in the different river sections between Zebra and Baynes. The terrestrial land units, such as the steep hillslopes and colluvial footslopes, are, however, typical for the faulted and structurally influenced landscape geomorphology, not only of the Epupa project area (Alternatives A+C, B and E), but for the region as such. 



In general the soils are thin and skeletal reflecting the mineralogy and colour of the parent bed-rock, with the exception of some limited areas where the footslopes expose "pockets" of fossil soils developed during past, more moist climatic conditions. One such example is the flat lands close to the Epupa airstrip where, for instance, brownish fossil soils dominate. In the Epupa area the steep hillslopes and vast colluvial footslopes dominate the terrain, whilst in the downstream section the footslopes are often substituted by either deep gorges caused by downcutting and backward erosion of the Cunene or by bed-rock terraces over gorges (cf. Fig. 2:2, 2:3 and 2:4). The bed-rock terraces probably represent a continuation of the erosion levels indicated by the colluvial footslopes at Epupa.



The geomorphological processes dominating the major land-units are furthermore typical for the semi-arid to arid climate of the area. As the infiltration capacity in general is low, the proportion of surface run-off during the rainfall events is high, making the land units suscep�tible to splash (rain drop) and sheet erosion (by surface run-off), especially in areas of poor vegetation cover, where wind erosion furthermore has removed much of the fine soil particles from the top-soil. Most of the expected environmental impact on the ÒterrestrialÓ land units will, however, be caused by the infrastructure development on the landscape geomorphology rather than on the processes as is the case with the impact on the fluvial land units.



The rather dense drainage net of the steep hillslopes, carved as bed-rock chutes, acts as fun�nels collecting rain water to the intermittent streams and aquifers of the colluvial footslopes. The stratigraphy of the colluvial footslopes, as exposed along the seasonal streams, exposes se�quences of erosion and deposition, reflected by layers of coarse grained material (gravel to boulders), calcite crusts and erosion pavements indicating the past climatic fluctuations of the region. All the land units have a low rarity and diversity in all perspectives (local to international) and therefore key impacts on the key parameters will mostly affect the parameters sensitivity and size of area. 



At present the only detectable difference between the potential impacts on the landscape morphology is related to the infrastructure development, that at the time for the project formulation report only has been surveyed to a limited extent by the technical team. Most of the impact will be related to the landscape geomorphology (area) as the potential impacts on geomorphological processes (sensitivity to change) to a large extent can be compensated for by an appropriate design and implementation.



The highest impact by infrastructure (construction and operation phases) will be related to the A+C scheme where the two development sites will call for a duplication of access roads and camp sites, developing into previously roadless areas. A similar impact can be assumed for the E alternative that needs long connecting roads on both sides of the Cunene River. It has not, however, at this stage of the project development been possible to make any further differentiation between the sites than presented in the following tables.



Table 5:8	Key impacts on the terrestrial physical environment, alternative 	A+C (and B)



Key impacts�������Construction activities�������Key parameters:�Dams and tunnels�Quarries�Roads�Trans..

lines�Camps��Diversity�Low�Moderate�Moderate�Low�Low��Rarity�Low�Moderate�Moderate�Low�Low��Sensitivity�Moderate�Moderate�Moderate�Low�Moderate��Barrier effects�Low�Moderate�Moderate�Low�Moderate��Res.intrest�Low�Moderate�Low�Low�Low��Area�Moderate�Moderate�High (Mod,)�Moderate�High(Mod)��(High�0�0�1 (0)�0�1 (0)��



Key impacts������Operation phase������Key parameters:�Inundation�Draw down of reservoir�Water

diversion�River

regulation��Diversity�High�Moderate�Moderate�Moderate��Rarity�Moderate�Moderate�Low�Moderate��Sensitivity�Moderate�Moderate�Low�Moderate��Barrier effects�Moderate�Low�Low�Moderate��Res.intrest�Low�Low�Low�Moderate��Area�High�High�High (Mod)�Moderate��( High�2�1�1(0)�0��

�

Table 5:9	Key impacts on the terrestrial physical environment, alternative E



Key impacts�������Construction activities�������Key parameters:�Dams and tunnels�Quarries�Roads�Transm.

lines�Camps��Diversity�Low�Moderate�Moderate�Low�Low��Rarity�Low�Moderate�Moderate�Low�Low��Sensitivity�Moderate�Moderate�Moderate�Low�Moderate��Barrier effects�Low�Moderate�Moderate�Low�Moderate��Res.intrest�Low�Moderate�Low�Low�Low��Area�Low�Moderate�High�Moderate�High��( High�0�0�1�0�1��



Key impacts������Operation phase������Key parameters:�Inundation�Draw down of reservoir�Water

diversion�River

regulation��Diversity�Moderate�Low�Moderate�Moderate��Rarity�Moderate�Low�Low�Moderate��Sensitivity�Moderate�Moderate�Low�Moderate��Barrier effects�Moderate�Low�Low�Moderate��Res.intrest�Low�Low�Low�Moderate��Area�Low�Low�Moderate�Moderate��( High�0�0�0�0��



Motivations to the high rankings:



Because of the development of two sites for the A+C scheme, the areas needed for roads and camps will be larger compared to a single B or E development. The impact mostly relates to the landscape geomorphology as the impacts on geomorphological processes (such as run-off and erosion) easily can be mitigated by the application of appropriate techniques during design and construction. A similar ranking is, however, given for a single B alternative as a differentiation of the impact from roads and camps is hard to estimate because of the preliminary nature of the infrastructural planning. A preliminary comparison, however, gives us the number of rankings for the various alternatives by camps and infrastructure during the construction phase as: A+C:2, B:0 and E:2.



The high impact during the operation phase refers to the diversity and size of areas to be affected by inundation and drawdown of water. The large areas of the colluvial footslopes to be affected (A+C and B) are not rare, but the combination of the footslopes and the seasonal streams (cf. Section 5.1) gives the land unit a moderate to high diversity in a geomorphological perspective. This situation is not relevant for site E. A preliminary comparison, however, gives us the number of rankings for the various alternatives by camps and infrastructure during the operation phase as: A+C: 5, B: 4 and E: 0.



The only significant difference of the impact on the physical terrestrial environment is the impacts that refer to the operation phase.





the cunene delta complex



Considerations in Project Formulation



To maintain the integrity of the physical environment and thus the biological environments that depend upon it (i.e. the total integrated ecosystem) associated with the Cunene Delta Complex and specifically to conserve those existing elements of high conservation value, there are a num�ber of issues which need to be considered in the final formulation of the Epupa Hydropower Scheme.  However, there would not appear to be any significant difference in the im�pact of the new dam and reservoir upon the physical and biological environment in the Delta, re�gardless of which alternative is chosen (either Epupa A, B, C or E). The proposed dam sites are close enough together not to impose any significant differential on the ultimate water, sediment or geochemical load which will be imposed upon the downstream sections. Thus, al�though the location of the dam and reservoir is not likely to be a significant factor, the actual con�figuration of the dam and reservoir and the operating characteristics associated with each site may well be. There are a number of issues which will therefore  need to be considered if there is any significant difference in dam and reservoir design at the different sites. These issues relate essen�tially to the new discharge regime that will be imposed upon the river by a particular dam and its operational design and will be considered briefly below.



The most important issue (not unexpectedly) concerns the water and sediment discharge regimes during both the construction and operational phases of the dam and reservoir. These aspects are critical:



The magnitude of the minimum water discharge;

The magnitudes of the daily and annual fluctuations in discharge;

The absolute temperature and temperature variation of the discharge water;

The geochemistry of the discharge water.



		Minimum Water Discharge



The level of the minimum water discharge is primarily important to the maintenance of the river outlet to the ocean, the warm effluent plume offshore and the access for aqueous species which move between the two environments. While the delta has a relatively gentle slope compared to the general gradient from Epupa to Foz do Cunene (1:5Ê000 compared to 1:300; Greenwood, 1996), the tidal regime is micro-tidal (maximum predicted range 1.6 m at spring tide); with the present levels of discharge, no significant tidal prism exists, even at low river discharge (50-60 m3/s, Environmentek,/CSIR 1996) and under large water level set-up induced by strong winds and large waves offshore (Greenwood, 1996). Thus tidal flushing is non-existent and the outlet is presently maintained by the river discharge.  However, even small water discharges, when confined to a single channel, will be competent enough to entrain the fine-to-medium sand of the barrier and maintain the outlet. A conservative minimal discharge for the maintenance of the outlet under all wave conditions is of the order of 10-20 m3/s (Greenwood, 1996). While natural discharges recorded at Ruacana have revealed discharges lower than this during droughts, the average of the low flows during the dry season (September, October and November) measured at Ruacana is of the order 50 m3 /s(Environmentek, 1996; Greenwood, 1996). 

�		Discharge Cycles



Of equal importance to the well-being of the natural ecosystem is the inherent variability of the present Òquasi-naturalÓ discharge. To maintain the present braided deltaic system the following is necessary:



¥	a medium-to-coarse sand bedload;

¥	significant annual variation in flow discharge.



While the former would not appear to be a significant cause for concern with respect to dam construction and operation, since the present system is maintained adequately by sediment loads introduced downstream of Ruacana, and the supply from the catchment between Ruacana and Epupa is negligible, maintaining some cyclic variation in water discharge is necessary. It is necessary for two reasons (Greenwood, 1996):



¥	large discharges inundate the braid bars, re-activate them and cut new channels to be occupied at low flows and so maintain the natural mobility of the braided system;

¥	large discharges ÒflushÓ the sandy bedload supplied by the upstream channel system and the precipitating dune system into the delta area to maintain the sediment balance. 



Power generation should be planned in such a way that a significant annual cycle of discharge is maintained. The peak of discharge should be associated as it is now with the rainy season (February, March, April) and the more steady flows be maintained for the remainder of the year. Daily fluctuation in discharge would not achieve the same effect as mimicking the natural annual cycle, and in fact may have deleterious effects for some species of fish. At present the average monthly discharges fluctuate by an order of magnitude (approximately from 50 m3 /s to 500 m3/s) from a maximum in April to a minimum in October.



		Temperature of the Discharge Water



At present the Lower Cunene water temperatures do not drop below 18o C and generally range between 20o and 30o C (Simmons et al. 1993; Environmentek/CSIR, 1996). It is this warm water which provides the deltaic environment which is attractive to the tropical species which exist there at the limit of their range. To maintain this environment, water temperatures should be maintained by controlling the source areas within the reservoir from which the river discharge water is selected.



		Geochemistry of the Discharge Water



The river is generally oligotrophic (Environmentek/CSIR 1996) and this is unlikely to be impacted negatively by the dam and reservoir at Epupa, and nutrient loads derived from the catchment area between Ruacana and Epupa at present are extremely small. Very little mineralization of the Cunene River waters takes place downstream of Epupa as noted earlier.
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