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Hydrogeology of the Kavango Region


HYDROGEOLOGY OF THE KAVANGO REGION

1. Geology

The Okavango Basin is part of the greater Kalahari Basin, which covers most of the northern and eastern parts of Namibia and extends across the Namibian border into Botswana and Angola. The bedrock underlying the basin filled with Kalahari Sequence deposits consist of basal rocks of the Damara Sequence, followed by the Karoo Sequence sediments, overlain and intruded by volcanics of Karoo age. The unconsolidated to semi- consolidated clay, sand and gravel of the Kalahari Sequence fill the Okavango Sub-basin, which deepens from the northeast towards the northwest, from 0 to >400 m along the north-west trending basin axis. The basin axis stretches from the northwest corner of former Bushmanland through the southwestern Kavango Region and from there into the Ohangwena Region. Sub-outcrops of volcanic rock occur at the Okavango River near Rundu and between Mukwe and Bagani. Damara Sequence rocks crop out in the southern part of the Kaudom Park within the Nhoma River drainage and at the border between the Kavango and Caprivi regions near Andara.

The interpretation of an aeromagnetic survey indicated that most of the southern Kavango Region near Karukuwisa is underlain by late-Karoo plateau basalts. A dolerite swarm trending in a northwestern direction was also detected due to a diagnostic intense linear magnetic pattern. The dyke swarm, which passes through Sikereti and ends near the Omuramba Omatako, is easily discernable as are the twelve individual dykes comprising the swarm. The southernmost dyke of this swarm truncates the basalt forming its northern margin in this area (see Geological Map, Figure 1).
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Figure 1:
Geological map of the Kavango Region (modified geological map of Namibia 1:1,000,000)

The Kalahari Sequence forms a blanket of unconsolidated to semi-consolidated aeolian and alluvial sediments covering most of the area and is divided into three main units (Table 1). The uppermost unit consists mostly of unconsolidated windblown sand and sand deposited under fluvial conditions. The middle part is predominantly fluvial sand with minor aeolian deposits. The basal layer is as yet poorly understood and consists of conglomeratic, red clayey sand with carbonate cement. The thickness of the Kalahari layers is lowest along the Botswana border (less than 50 m) and increases towards the middle reaches of the Omatako Omuramba and further to the northwest towards Nkurenkuru at the Okavango River. 

Table 1:  Geology and stratigraphy of the Kavango Region

	Age
	Sequence/Group
	Formation
	Description
	Surface distribution

	Recent

to

late Cretaceous

(64 – 0 m.y.)
	Kalahari
	Upper
	‘Kalahari Sand’
	thin aeolian sands and loamy, calcareous soil with crusts of ferricrete and calcrete
	regional covering to all older rocks

	
	
	
	Omatako
	ferricrete and ferruginous sandstone
	borehole intersections only

	
	
	Middle
	Eiseb
	thick layered, light coloured, sandy silcrete and calcrete, conglomerate bands in middle unit
	borehole intersections only

	
	
	Lower
	Tsumkwe
	Reworked sandy to clay rich conglomerate, poorly sorted basal scree with calcareous cement; minor mudstone
	borehole intersections only

	Cretaceous

(180 - 60 m.y.)
	Karoo
	Kalkrand
	Plateau Basalt
	borehole intersections only, e.g.:

Omatako/Kavango river area near Rundu, 

south of Andara and northeast of Mangetti block

	early Namibian (900 m.y.)
	Damara/Nosib
	Duruchaus?
	Fine-grained greyish to brown, feldspathic quartzites with interbedded sandy shales
	Nhoma, Andara and Popa Falls area


2. Hydrogeology

2.1 Aquifer distribution

The aquifers in the study area can be sub-divided into two main groups, namely the primary (porous) aquifers and secondary (fractured) aquifers. The primary aquifers consist mainly of argillaceous and arenitic unconsolidated to semi-consolidated sediments of the Kalahari Sequence, which occur throughout the study area. As mentioned earlier, the thickness can however vary from nil in the east to in excess of 400 m along the main basin axis. The secondary aquifers comprise fractured and weathered pre-Kalahari bedrock. The secondary aquifers are only important in areas where the Kalahari sediments are absent or thinly developed such as in the northeastern and southeastern parts of the Kavango Region.

The Kalahari Sequence sediments constitute the most important aquifers in the region and the vast majority of boreholes drilled for rural and bulk water supply intersect the Kalahari aquifers. Boreholes drilled in close proximity to the Okavango River, intersecting paleo-channels, are often high yielding and most of the bulk water schemes are developed along the river.

Table 2:  Aquifer and aquitard distribution of the Kavango Region

	Sequence/Group
	Formation
	Aquifer
	Aquitard

	Kalahari
	Upper
	‘Kalahari Sand’
	aeolian sand, ferruginous sandstone

local perched aquifer
	ferricrete, calcrete, clay layers

	
	
	Omatako
	
	

	
	Middle
	Eiseb
	sandy silcrete and calcrete, conglomerate

main regional aquifer
	minor clay layers



	
	Lower
	Tsumkwe
	Sandy conglomerate;

often higher salinity


	clay rich conglomerate, mudstone

aquitard

	Karoo
	Kalkrand
	
	aquitard

	Damara/Nosib
	Duruchaus?
	fractured quartzite 
	shale, solid quartzite

aquitard


2.2 Groundwater table and groundwater flow direction

In the eastern part of the Kavango Region and along the Okavango River the water table or depth to piezometric level is rather shallow with 10 – 40 m below surface and exceptionally up to 50 m below surface. This is much different along the Kalahari basin axis in the western part of the Kavango region where water level depths between 50 and 130 m below surface are observed (see Depth to Water Table Map, Figure 2).
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Figure 2: Depth to water table

Three main groundwater flow systems and one sub-system can be distinguished in the Kavango Region. 

The first main flow system (I) is located in the southwestern part, where the groundwater flow is directed in a northern direction originating in the recharge areas south of the Mangetti block (see Piezometric Level Map, Figure 3). A large proportion of that groundwater was recharged in the Otavi Mountainland north of Grootfontein. A smaller proportion was recharged in the calcareous Kalahari cover between Abenab and the Kavango Region border. The flow is directed towards the east flowing dormant Omuramba Mpungu, towards the northwest trending basin axis and eventually towards the Okavango River. The flow gradient is in the range of 0.0003. 
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Figure 3: Piezometric level

The second main system (II) controls the groundwater flow in the northwestern corner of the Kavango Region between the Angola border, the Omuramba Mpungu and the Okavango River near Nkurenkuru (see Piezometric Level Map, Figure 3). Here the flow is directed from north to south with the recharge area situated in Angola, most probably in the upper catchment of the Okavango River. The flow is again directed towards the Omuramba Mpungu and eventually towards the Okavango River. The flow gradient is rather flat.

The third main flow regime (III) dominates the major part of the Kavango region east of the basin axis (see Piezometric Level Map, Figure 3). The recharge area is located northwest of Tsumkwe, covering parts of former north-central Bushmanland and the south-central Kavango Region. From there, the groundwater flows in all directions towards the Eiseb, Omatako and Okavango basin systems. In the Kavango Region the flow is mainly in a northern direction towards the Okavango but also in a western direction towards the Omuramba Omatako and the basin axis. The flow gradient is with 0.0004 also rather flat. It is interesting to observe that the Damara Sequence outcrop areas of the southern Kaudom Park and near the Okavango River at Andara do not function as recharge areas but rather as groundwater sinks. 

A sub-system (IIIa) has developed in a slightly higher elevated area southwest of Rundu within the Kalahari Sequence. The flow from this local shallow aquifer is in all directions away from the centre of the circular recharge area near the tar-road approximately 35 km southwest of Rundu (see Piezometric Level Map, Figure 3).

2.3 Water quality

The quality of the groundwater in the Kavango region is generally good and suitable for human consumption. Groundwater with elevated salinity was observed only locally along the Okavango River, along the Omuramba Mpungu, northwest and northeast of the Kaudum Park (see TDS Map, Figure 4). The higher salinity of the groundwater along the Omuramba Mpungu is most probably fault controlled. The deep-seated east trending faults function as flow barriers thereby hampering the groundwater flow (see Piezometric Level Map, Figure 3). Deeper salt water from the Tsumkwe Formation and the bedrock below rises along the faults into upper Kalahari aquifers and mixes with the fresher water of the main regional aquifer.

[image: image4.wmf]#
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Figure 4: Total dissolved solids distribution

A similar process could be responsible for the occurrence of brackish water northwest of the Kaudum Park. Here the regional brackish aquifer is overlain locally by low yielding freshwater lenses within ferricrete and calcrete of the Omatako Formation. 

Elevated sulphate concentrations are directly related to areas with higher salinity (see Sulphate Map, Figure 5), while fluoride concentrations are generally below drinking water limits similar to the nitrate concentrations. Slightly elevated nitrate concentrations are restricted to areas of elevated groundwater salinity and cannot be attributed to pollution by irrigation or animal production. Only within the Mangetti block near the border to the commercial farming area of the Oshikoto Region elevated nitrate concentrations are observed within the shallow Kalahari freshwater aquifer (see Nitrate Map, Figure 6). The infiltration of organic waste from the semi-intensive animal production is here most likely the cause for the elevated nitrate concentration. 
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Figure 5: Sulphate distribution
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Figure 6: Nitrate distribution

3. Water Points

Boreholes are the principle method of abstracting groundwater in the Kavango Region, though hand dug wells are utilized in areas of shallow water table. The bulk of the boreholes are registered in the DWA groundwater database, which is shared with NamWater Corp. Ltd. in Windhoek. The RWS Directorate maintains its own database with a different numbering system in which also other sources such as wells and pipeline off-take points are stored.

In the early 1990s a major hydrocensus was carried out by various consultants including a water point survey and water sampling exercise. The information is available as hardcopy at the MAWRD library and the bulk of the data was included into the DWA groundwater database. The data of more recent studies and drilling programmes is not always added yet and must be gathered from the various organisations that are involved in development programmes in the Kavango Region.

The bulk water schemes, operated and maintained by NamWater, are monitored regularly. Water level readings as well as abstraction rates are taken monthly, while water analyses are done less frequently. The NamWater database is updated regularly. Apart from the bulk water schemes no monitoring of groundwater abstraction is taking place in the region and no reliable information on aquifer behaviour and borehole performance is available.

Due to the rather low density of boreholes in the region and the generally low abstraction rates it is not assumed that the aquifers in the Kavango Region are under stress with regard to over abstraction. The main cause of the high rate of borehole failure is rather the bad performance of the boreholes themselves. The main factors causing the deterioration of water points are inadequate borehole design and poor maintenance. The lifetime of a borehole or well can drastically be increased if the design of the borehole is adapted to the hydrogeological conditions and if the local population is trained to participate in the maintenance and monitoring of their water source. 

4. Borehole yield 

Borehole yields range between less than 1 m³/h and more than 70 m³/h with the majority of boreholes yielding between 5 m³/h and 10 m³/h, which is suitable to satisfy the general rural water supply demand (see Yield Map, Figure 7). High yielding areas are along the Kavango River and within the shallow aquifer southwest of Rundu. Low yields between 1 m³/h and 3 m³/h can be expected in areas with a deep water table and where the Kalahari sediments comprise a higher clay content. The borehole yield depends generally on the drilling method and borehole design. The yield of recently drilled boreholes has improved compared to earlier drilling, due to the application of suitable drilling diameters, pre-manufactured screens and adequate gravel pack.

[image: image7.wmf]#
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Figure 7: Borehole yield distribution

5. Groundwater Vulnerability

The supply of clean water, free of harmful agents and bacteria, is one of the prerequisites for development in any region. In industrialised countries the groundwater resources are often polluted by industrial and municipal sewage effluents or by the infiltration of fertilisers and pesticides in areas of intensive agricultural utilisation. This often results in the damage to the aquifer, which can then no longer be utilised. Alternative sources have to be developed, usually to a much higher cost.

In semi-arid rural areas, like in the Kavango Region, where extensive agriculture like cattle farming is practised and no industrial development is taking place, the groundwater pollution is a minor threat. But with the increasing number of people and livestock, in particular in an area with more dense population like along the Okavango River, the aspects of groundwater pollution and groundwater protection become increasingly an issue. 

Areas of concern are regions with a shallow water table, where secretes from livestock or humans can easily percolate into the aquifer. Usually boreholes or shallow wells are located close to or inmidst a settlement, often close to ablution blocks. The cattle trough is often only a few metres away from the abstraction point. These unhygienic conditions can lead to the pollution of the aquifer and are increasingly of concern. A number of aquifers in rural areas are already damaged, usually by nitrates and bacteria. Except in the bulk water schemes, abstracted water is not chlorinated and sicknesses can spread rapidly amongst the village population, often not noticed early enough or related to other possible causes.

BIWAC 2002

Environmental Profile of the Kavango Region


