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INTRODUCTION 

Development in the Central Namib Area on the West Coast of Namibia comprises the towns of 
Swakopmund, Walvis Bay and Henties Bay, as well as the Rössing Uranium Mine 
approximately 60 km east of Swakopmund and the town of Arandis near Rössing Mine.  All 
these developments as well as a number of smaller consumers are supplied with water via the 
water distribution pipeline network of the Central Namib Regional State Water Scheme. 

The existing sources of water supply are stored reserves in both the alluvials of the Omaruru 
River Delta (Omdel) to the east of Henties Bay, and in the groundwater compartments in the 
Kuiseb River to the south of Walvis Bay.  Recharges to these sources take place by way of 
underground throughflow and via infiltration from river flows. 

In the case of Omaruru Delta, average annual recharge is estimated at 3,5 Mm³/a. 8,5 
Mm³/annum is currently being abstracted and hence there is an overdraft situation in which 
abstraction exceeds recharge. 

The current volume of water stored in the OMDEL Aquifer is approximately 150 Mm³ of which 
about half is recoverable.  The cost of recovery increases as reserves diminish.  

Prior to the large floods of February 1985, problems had already been encountered at several 
production boreholes. 

In order to meet the existing demand of 12 Mm³/a, approximately 6,3 Mm³/a of water is currently 
abstracted from boreholes in Omdel while the balance of 5,7 Mm³/a is pumped from boreholes 
in the Swartbank groundwater compartments of the Kuiseb River. 

Both sources depend on recharge, from intermittent flooding, to ensure a long term supply 
capacity. 

An investigation into the possibility of enhancing recharge to the Omdel Aquifer was launched in 
1989. 
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ENHANCING RECHARGE 

As early as 1984, the Department of Water Affairs had been involved in research into answering 
the question of why recharge to alluvial aquifers after significant flood events was often less 
than expected.  It was concluded that the deposit of a very fine layer of silty clay material on the 
surface of the river bed impeded water penetration.  This certainly occurs in the Omaruru River, 
and as a result large quantities of flood water pass over the river bed and run into the sea 
without significantly contributing to recharge. 

A project was therefore proposed which involved the temporary storage of ephemeral flood 
waters in a large reservoir upstream of the aquifer.  This storage would allow the settling of the 
fine suspended sediment.  The clean water would then be released in a controlled manner to 
infiltration areas over the Omdel Aquifer.  A high rate of infiltration would now be assured due to 
the absence of silt.  The aim would be to transfer the contents of the reservoir to the aquifer 
during the dry season so that if there was a consecutive good rainy season, there would be 
storage space available in the reservoir.  In this way the storage potential of the reservoir would 
be maximized.  The sketch below shows a conceptual layout of the proposed scheme. 

A close analysis of the hydrology of the Omaruru River showed that for a reservoir with a 
capacity of 30 Mm³, a long term recharge enhancement of between 4,5 and 6,0 Mm³ would be 
possible.  The site ultimately chosen allowed a larger reservoir, so that enhancement would in 
fact further improve. 

 

CONCEPTUAL LAYOUT OF SCHEME 
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HYDROLOGY 

Description Quantity 

 
Catchment Area 

 
14 600 km² 

Annual rainfall in the Omaruru 
Basin 

50 to 200 mm 

Mean annual gross evaporation 2 100 mm 

Mean annual run-off 15,7 Million m³ 

Silt load per unit volume  7,5% 

Yield on a 95% assured basis 5,2 Million m³ 

  

Flood Peaks  

1 in 20 years 600 m³s
-1

 

1 in 50 years 1 100 m³s
-1

 

1 in 100 years 1 400 m³s
-1

 

1 in 500 years 2 500 m³s
-1

 

1 in 1000 years 3 400 m³s
-1 

 

TECHNICAL DATA 

EMBANKMENT  

Full supply level (FSL) 262,2 m 
Height above river 34,5 m 
Crest length 370 m 
Full storage capacity 41,3 Mm³ 
Surface area at FSL 450,0 ha 
Outlet capacity 7,0 m³s

-1
 

  

SPILLWAY  

Spillway width 195 m 
Spillway capacity 3100 m³s

-1
 

(1:1 000 year return period)  
  

EMBANKMENT MATERIAL PLACED  

Central core 240 000 m³ 
Shoulder 750 000 m³ 
Filters and drains 210 000 m³ 
Transition zone 50 000 m³ 
  

ALLUVIAL FOUNDATION  

Maximum depth 45 m 
Estimated permeability 3 x 10

-1 
cms

-1
 

Estimated settlement  0,7 m 
Channel width 160 m 
  

PRESSURE RELIEF WELLS  

  
Number of wells 18 
Diameter of wells 1,0 m 
Depth of wells 30,0 m 
  

INFILTRATION BASIN SITE 1  

Distance from the dam  6 km 
Capacity: Max. 2,24 m³s

-1 

                Average 0,6 m³s
-1
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TOPOGRAPHY AND DAM SITE GEOLOGY 

The site area is characterized by an extensive flat coastal plain, ascending gradually into more 
uneven terrain incised by the Omaruru River and numerous other furrows and erosion gullies. 
 
The surface elevation rises from the coast to 230 m above sea level over a distance of 34 km.  
The Omaruru River is gashed into the plain in a south-westerly course.  The river embankments 
are steep in most places, with frequent cliffs. 
 
The Omaruru River represents the lower portion of a large alluvium bed which extends 100 km 
further eastwards from the coastline to the elevation of about 900 m above sea level. 
 
There are two sequences of rock layers, namely, the older basement hard rocks of the Damara 
system and the chrystalline basement.  The former underlies most of the Central Namib Desert.  
They are formed of mica schist, micaceous sandstones and quartzites as well as impermeable 
granite gneiss and dolerite dykes. 
 
The latter is covered by cretaceous to pleistocene calcrete gravel, sand and gypsum crusts and 
alluvial deposits of clay, silt and/or calcareous cemented sand. 
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EMBANKMENT TOE 
 

THE SELECTED DAM SITE 

 
The dam site is located in a fairly steep, rock flanked valley with a flat alluvium filled river 
section.  The original river bed lies some 45 metres below the present surrounding terrain. 
 
The dam site is underlain by rock of the Khan formation, Nossob Group and Oberwasser 
formation, and the Ugab subground of the Swakop Group.  This assemblage of rock includes 
impure marble, cordierite schist, biotite and granite gneiss. 
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FEASIBILITY AND DESIGN INVESTIGATIONS 

 
Three principal aspects relating to the engineering geology of the site were evaluated: 
 

(i) The bedrock on the flanks, spillway and quarry site. 
(ii) The alluvium in the river channel; and 
(iii) Soil materials available for the construction of the embankment 

 
Determining the geotechnical properties of the alluvium in the river channel was considered the 
most important part of the investigation. 
 
Methods used in the investigation of the alluvium included reverse flush drilling, geophysical 
borehole logging, cone penetrometer tests and well pump tests.  Examination and cross- 
correlation of the extensive data obtained allowed the accurate plotting of the vertical thickness 
and horizontal distribution of the various types of alluvium, which ranged from clay to boulders.  
The permeabilities, bearing capacities and compressibilities of the various alluvial layers as well 
as the bulk permeability (transmissivity) of the alluvium as a whole were determined. 
 

MATERIALS 

 
The main deposit of clay is located near the dam site and is thought to be a backwater deposit 
of an ancient embayment of the Omaruru River.  It occurs in a very localized area of 
approximately 4,5 ha and varies in thickness from less than a metre to nearly 5 m. 
 
The materials from the deposits were extensively tested.  Indicator tests to determine the 
gradings and Attenberg limits, and the tests to determine Standard Proctor Maximum dry 
density, optimum moisture content, specific gravity, coefficient of permeability and shear box 
strength parameters were carried out.  Two types of triaxial tests, namely saturated 
consolidated, undrained tests, with pore pressure measurements, as well as double oedometer 
tests on remoulded tests were carried out.  Specialized dispersivity tests were also done. 
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EMBANKMENT DESIGN 

 
The geological and topographical conditions in conjunction with economic criteria dictated the 
choice of an earth embankment dam. 
 
The dam is constructed from local materials excavated from within the reservoir area and 
spillway, and as such is relatively inexpensive.  It also blends in well with the surrounding 
countryside. 
 
The most challenging aspect of the design of the Omdel Dam was the complex alluvial 
foundation.  
 
From the seepage analysis it became apparent that the large volume of seepage and 
associated exit gradients had to be controlled.  Given the complex pervious nature of the 
foundation, every effort was made to incorporate design features that will reduce and control the 
large volumes of underseepage. 
 
Seepage control measures incorporated in the design included: 
 

(i) An impervious blanket extending 150 m upstream of the centre line of the dam, in order 
to control entrance conditions for seepage flow into the foundation and increase the 
length of the seepage path through the foundation;  

(ii) A drainage blanket and chimney drain to control seepage within the embankment and 
underseepage below the downstream shell.  However, the most important function of the 
chimney drain is to protect against piping of the dispersive core material; and  

(iii) Relief wells extending to two thirds of the full depth of the alluvium to control the 
seepage pressures at the toe of the embankment. 

 
The zoned embankment consists of a core and blanket of compacted earthfill of low 
permeability.  Both upstream and downstream shoulders are constructed from sandy soil. 
 
A multiple drainage system was installed in the upstream shoulder in order to reduce the pore 
pressures which may occur during the rapid drawdown of the reservoir.  The drainage blanket 
and chimney drain were installed in the downstream shoulder to control both the seepage within 
the embankment as well as that in the foundations. 
 
The material for the impervious core and blanket consists of clayey soils.  The material is very 
fine with more than 50 percent of the soils passing the 0,075 mm sieve and having a clay 
content of between 9 and 55 percent.  The silty and clayey soil was found to be dispersive. 
 
The sandy soils which make up the embankment shoulders consist of fine to medium sand with 
less than 40 percent passing the 0,075 mm sieve.  The clay content is below 16 percent and the 
soil can be classified as silty sand. 
 
The drains and filters are constructed from selected clean river sand excavated from the borrow 
areas in the river.  The grading of the filter is such that it prevents particles of the dispersive 
clayey soil of the central core from washing into its voids. 
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PRESSURE RELIEF WELLS 

 
The lower part of the alluvial deposits under the dam is considerably more pervious than the 
upper part.  Pressure relief wells spaced at 6 to 7 metre intervals and of a diameter of 1000 mm 
were installed to relieve high uplift pressures at the toe of the embankment. 
 
The relief wells have an interior well screen of 150 mm diameter.  The screen is made of 
Acrylonitrile Butadiene Styrene (ABS) material.  The annular space surrounding the well screen 
is backfilled with gravel which is graded to meet the filter requirements of the foundation 
alluvium.  Seepage from the wells is discharged into the collector channel constructed at the toe 
of the dam. 
 

 
 

 
 
























