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WATER IN THE
DESERT SANDS

Piet Heyns




he Namib Desert is lo-

cated within a narrow
strip ol land on the south-
western coast of Africa and
stretches over a distance of
| 800 km approximately
from the harbour of Namibe
in Angola to the mouth of
the Olifants River in the
Republic of South Africa.
Nowhere is the desert more
than some 150 km wide,
lying between the South
Atlantic Ocean in the west
and the Great Escarpment
leading to the central high-
lands of Southern Africa on
the eastern side. The total
arca of the Namib in Na-
mibia is about 130 000 km?
(see Map 1).

The whole desert land-
scape with its dry river-beds
and windswept duncs
appecars to be a watcerless
waste. Although the word
namih (sce footnote) means
“place where there is no-
thina"™ closer examination
reveals that this is not really
the case. In spite of the arid
conditions there is a relative
abundance of plants, birds,
reptiles, insects and other

animals, whose ver i
is made possi -

currence and availability of
LUrrefice and avanability ol
one of the most vital life-

supporting resourccs in

Qhature — water.

The Namib receives very
little rain, but is often
covered by u shroud of fog,
which introduces moisture
to the coastal belt. There are
also a few places with some
open water, the most signi-
ficant of these being the two
perennial rivers, the Cunene
and the Orange. which cross
the desert on the northern
and southern borders of
Namibia.

Since the appearance of
man, the location, avail-
ability, quantity and quality
of water has dictated (o a
very large extent where
people could live. While
there are arcas in the world
with i huge surplus of water,

The white, dry bed of the
Kuiseb River winds through
the Kuiseb Canyon, left, as it
crosses the Namib Desert on
its way to the Atlantic Oc2an.

there arc also those regions
like the Namib with margi-

nal supplics, but _which
contain_vast natural rc-
sources and thus attract
human habitation and
socio-cconomic develop-
ment.

. One ol these natural re-
sources 1S waler
available from watcr-
bearing alluvial aquifers in
the normally dry river-
courses running from the
interior of the country to the
sca. For many millions of
ycars these very significant
water resources of the
Namib were unknown 1o
man, cxcept for a few
brackish springs which
could be utilized to quench
the thirst of the occasional
visitor.

The Namib is a desirable
place to live and the chal-
lenge to provide enough
water of acceptable qualin
to sustain development has
hitherto been et despite
the dcarth of open waters.
Over the vears man has
m.mcrcd the techniques of

drncssmg. waler resources

in arcas where they occur in

tain human, industrial and

agricultural ac es in
places where, _due to an

absence of water, settlement
would otherwise not have
been possible. Human i

nuity to locate, tap and dis-
tribute potable ground-

& . S —
water from alluvial aquifcrs
in_the Namib to centres of

development such as Swa-
nund is Bay,

Luderitz, 0rdn|cmund Uis
<and Arandis has under-
pinned mining, fishing, tou-
Wwﬁmmam
the desert.

All this development has
posed considerable chal-
lenges for the conservation
and protection ol the envi-
ronment _through compre-
hensive management stra-
tegies. whethcrnthe fietd ol
mining. _imdustry, naturc

conservation, urban deve-
lopment_or utilization ol
putLl
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CLIMATE AND
WATER RESOURCES
Thc water resources of

the Namib are fog.
ramldl\suﬁm

cater quantity and trans-
orting Them cconomically
ver long distances to sus-

MAP 1I: LOCATION OF THE NAMIB DESERT
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named in order of priority,
because ol differences in
their application and im-
portance. However, the
origin of all water in the
desert is some form of pre-
cipitation and the occur-
rence of this vital resource is
determined by important
geographical factors such as
climate, hydrology, topo-
graphy, geology and hydro-
geology.

The climatic conditions
along the west coast of Sou-
thern Africa are determined
by the relative position and
strength of the dry, anti-
cyclonic Atlantic high pres-
sure system in the west and
the humid, cyclonic Indian
Occean high pressure svstem
in the east, as well as the cold
Benguela Current which
flows from south to north
off the west coast.

Summer rainfall occursin
the Namib. but the southern
tip of the desert also expe-
ricnces winter rainfall. In
summer the rain is caused by
the humid air of the Indian
Occan high pressure system
moving in from the north-
cast, although the air mass
has lost most of its moisturc
by the time that it reaches
Namibia. Winter rains only
occur il the South Atlantic
low pressure svstem is
strong enough to convey the
moist air as far north as the
southern extremity of the
Namib. In view of these ad-
verse conditions, both
summer and winter rainfall
arc very low. The annual
precipitation varies on
average between a little
morc than zero at the coast
to 100 mm along the eastern
escarpment. Rainfall is also
extrcmely erratic and the
average deviation from the
annual average varies be-
tween 50 percent to more
than 80 percent.

The surface runoff in the
rivers at the coast usually
originates in arcas of higher
rainfall in the central high-
lands. The rainfall which
occurs between October and
April in the interior of the
country provides the runolfl
which rulmrg_cs the alluvial
aquifers in the | large rivers
flowing to the Atlantic.
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These rivers arc _called
cphe

Eeﬁ;mlv_m.and_anlmn
when and-ifit rains enough.

he intensity of the rain-
g—gjrag is 1ag IEE {hereis

eitheeno—runoffor_rivers
flow [ ertain dis-
{ance before all the water is
absorhed into the sand.
High intensity rainstorms in
the desert can cause flash
floods which damage water-
supply infrastructure and
other installations.
Groundwater in the Na-
mib rarely occurs as springs.

means—of wells and bore-
hales, it is at present the
most important water re-
source which can be utilized
economically to support
urban, industrial and mi-
ning devetopment along the
coast and in the desert.

In the coastal zone the air
mass directly above the cold
sea is cool, but overlain by a
warmer and drier mass of
air, resulting in an almost
permanent temperature in-
version. The relative humi-
dity is usually higher than 80
percent. All these conditions
favour the formation of fog
or low stratus clouds, but
prevent cloud development
for rainfall. There is aslight-
ly higher occurrence of fog
during winter than in sum-
mer.

Fog is an indispensable
natural phenomenon be-
cause it is a vital water re-
source for the fauna and
flora of the Namib. It can be
expected between 90 and
150 days per annum, or on
average eight to 12 days per
month, and extends inland
for 10 10 60 km from the
coast. It is most dense at
elevations of between 300
and 600 m above mean sea
level: The fog condenses into
droplets of water on rocks,
plants and insects, providing
a source of water which
supports life in an area
which is seemingly water-
less. 1t is estimated that the
condensed fog is equivalent
to an average annual rainfall
of about 45 mm. The rela-
tively high humidity also
provides moisture for cer-

tain plants like lichens.

10

because they are |

MAP 2: RIVERS OF THE NAMIB
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Although fogisanimpor-
tant water source for the
natural environment, it is
insignificant as a resource to
sustain socio-economic
development. Attempts
have been made to harvest
fog, but have failed to pro-
vide large quantities of
water. On the coast there is
mostly a cool zone due to
fog, but in the interior the
fog which forms overnight,
is burnt away by the sun,
normally by noon. Such
fluctuations in temperature
and humidly are most pro-
nounced 30 to 60 km from
the coast. The average daily
maximum temperature for
the hottest month, usually
January or February, varies
between less than 31°C at
the coast and 34°C in the
Namib interior. The average
daily minimum temperature
for the coldest month,
mostly August, is rarely less
than 7°C. The absolute
minimum and maximum
temperatures, as measured
at Lideritz, vary between

0°C and 40°C.

The average annual eva-
poration, affected by sea-
sonal variations in wind,
temperature, humidity and
rainfall, varies betwecen
3400 mm in the central
Namib and 2 600 mm in the
southern and northern
Namib.

The wind along the coast
blows mostly from the south
and south-west at an ave-
rage speed of up to 30 km/h
or more at places like Lui-

FIGURE 1: HYDROLOGICAL

deritz. The direction of the
wind plays an important
role in blowing coastal fop
further inland. At times a
berg or east wind, similar 10
the fohn in southern Eu-
rope, blows from the inte-
rior to the coast and causcs
very high temperatures,
extremely dry conditions
and sandstorms. These very
uncomfortable conditions
are also referred to locally as
oosweer.

All these factors contri-
bute to the climatic extremes
and aridity of the Namib
environment.

Although the limitless
quantity of sea water is not
normally viewed as a re-
source, being too salty for
human consumption, it is
indeced a water resource
which could be used dircctly
in some industrial processcs,
making it possible to con-
serve fresh-water reserves,
or it can be desalinated to
provide potable water.

HYDROLOGY AND
HYDROGEOLOGY

hen taking the climatic

conditions in Na-
mibia into consideration,
the hydrological, cycle is
extremely unfavourable, as
reflected schematically in
Figure I. The usual situation
is that 83 percent of all
rainfall evaporates virtually
immediately, while only 17
percent remains as surface
runoff, with about 14 per-
cent infiltrating the soil
where it is utilized by the
vegetation. Ol the remaining

CYCLE




wd

3 percent of the surface
runolf, two-thirds can be
impounded in dams and
only onc-third recharges
aquilers. It is therefore im-

ortant (o Huitd dams to
rﬁrmrprﬁm
m\r_'__/_f_,_m_&rgm-
water_aquifers in order 10

velop avails re-
sources.

L—Tn view of the luct that the
surface runolf and ground-
water aquilers in the ephe-
meral rivers of the Namib
are at present the only cco-
nomically viable sources of
water along the coast. itis of
critical importance to study
the hydrology and hydro-
geology of the resources to
determine their magnitude
and long-term sustainable
vield.

[~ The water-courses cros-
sing the Namib from east to
west can be divided into two
major groups. They are the
perennial rivers and the
ephemeral rivers. The latter
can be subdivided into those
occasionally breaking
through to the Atlantic
Occean and those that never
reach the sca (see Map 2 lor
orientation). The most im-
portant information avail-
able ontheriversis shownin
Table 1. The hydrological
characteristics of all the
rivers have been measured
or calculated and through
continuous monitoring the
data base is improved to
facilitate better estimates of
flood frequency and mean
ant 1.

FIGURE 2: TYPICAL ALLUVIAL
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The combination of a
small catchment area and
adversc climatic conditions
like low rainfall, high tem-
peratures and high evapo-
ration rates are the main
causes of the low flood fre-
quency and relatively small
mean annual sunolf.

The reasone why the Cu-
nenc and Orange rivers on
the northern and southern
borders of Namibia are pe-
nial, is because they hav

very—targe _catchment arcas

. are ~opf gy 1 0-

ively high rainfall arcas in
Angola and South Africa. In
comparison. the Ugab Ri-
ver, which has the largest
catchment ol the ephemeral
rivers in the table, has only
37 percent of the catchment
of the Cunene River. The
Ugab has a mean annual
runoff of only 8 Mm* (Mil-
lion cubic metres) compared
to the 5500 Mm* of the

RS OF THE NAMIB

‘Ty‘ﬁw Name Length | Catch- Fre- Mean
of (km) ment quency annual

river (km?) | of Nood | runolf

(years) |(Mm'/a)*

Perennial Cunene 1050 106 500 - 5 500
Orange 2250 | 850 000 11000

Ephemeral | Hoanib 220 18 100 lin} a0
(reaching Huab - 268 1IR100 | lind 40
the sca) Huarusib 280 16800 | 9in 10 200
Khumib 130 2800 | tinl0 1.0

Koigah 12§ JI0 | tinto 10

Kuisch o 21 400 lin} 5.0

Omaruru A1) 15 700 lin2 120

Swakop R N6 | ling 6.0

Uniab 10 R 100 lin$ 1.0

. - Ugab 4 19100 lin2 K0
Ephemeral | Kowchab 148 S 200 lind 1.0
(landlowhed) | Tsauchah 148 4 k0 lin} S0
I'sondab 140 40 lind 6.0

S\ihons of cubi netres per e

ey

Cuncne and reaches the sca
only once cvery two ycars,
Namibia is therefore re-
garded as aw_arid region
without any perennial rivers
in_the interi ¢ coun-
It also explains why
some rivers arc completely
landlocked or smothered by
the sands ol the Namid De-
sert.

The bedrock underlying
the. Namib mainly compri-

Lses the late Precambrian

successions and orogenic
belts of the sedimentary
Damara Scquence which
was laid down in a shallow
sca some 750 million to 620
million years ago and later
extensively metamor-
phoscd. The rocks comprise
impermeable granite, gneiss,
schist and quartzite. The
origin of the present features
of the Namib can possibly be
traced back to the breaking
up of the ancient Gondwa-
naland 200 million to 7§
million years ago. This was
followed by a number of ice-
ages which lasted for 60
million ycars and persisted

until about 10 000 ycars
ago.

With the lowering of
temperatures, more walter

froze on the high mountains
and the polar ice-caps. This
reduced the level of the
occans by more than 100 m
and cexposed up to 80 km of
the western continental
coasthine. In the periods
betwten the ice-ages, tem-
peratures rose, the ice
melted and sea Jevels o
times rose even higher than
the existing mean sea level.

The present Namib land-
scape gradually rises from
sca level to about | 000 m at
the castern escarpment,
However, a combination of
the formation of glacicrs
creeping down the moun-
tains, techtonic activity and
ancient rivers flowing du-
ring the wetter periods had a
huge effect on the coastal
and riverine topography.
Deep valleys were carved
into the bedrock and sub-
sequently filled with alluvial
deposits comprising calca-
rcous cemented sands, con-
glomerates and sands as well
as lavers of clay and silt.

The littoral sediment
transport action of the Ben-
gucla Current. which was
fully developed some five
million years ago, also madce
a contribution to the lor-
mation ol the tertiary-aged
Tsondab Sandstone Forma-
tion and the more recent
dune scia, both overlaving
the bedrock between Liide-
ritz and the Kuiseb River.

The alluvial deposits in
the river-beds and other
water-bearing formations
arc usually partally sa-
turated with water. These
geological features are the
most important sources ol
groundwater in the Namib,
Figure 2 shows a typical
section through an alluvial
aquiler adjacent to a sand-
stone acquifer, as found in
the Lower Kuiseb.

I'he hydrogeological ba-’
lance in an aguiler must be
studicd and analyzed very
carclully to_determine the
long-term_sustainable safe
veld because a _ground-
upply more water than the
quantity replaced by nature.
This is done by developing a
hydrogeological ground-
water model as shown in
Figure 1.

The total volume of the
aquifer in Figure 3 is 1 000
Mm', but the sand in an
alluvial aquifer is usually
saturated with water only to
a certain level. The water
level shown in the borehole
15 it 8O m and the volume of
sattfrated sand is therelore
only 800 Mm'. The volume
ol saturated sand contains a
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certain percentage of water
and a certain percentage of
solid sand particles. The
volume of the space which
can be saturated with water,
is called the storage co-
efficient. If the storage co-
efficient is 10 percent, then
the volume of stored water is
80 Mm". This means that if
| Mm'of water is abstracted
from the aquifer via the
borchole, the water level will
drop to 79 m. If there is a
flood across the aquifer and
the water table rises by | m,
the recharge must have becn
I Mm'. If the size of the
flood was measured at 100
Mm? and | Mm?' of water
infiltrated, then the recharge
coefficientis | percent. If the
flood was measured at 200
Mm? and it is known that
the recharge coefficient is |
percent, then it can be ex-
pected that 2 Mm? will have
infiltrated into the aquifer
and that the water table will
have risen by 2 m.

If all these parameters are
known, aquifer behaviour
can be predicted. For in-
stance, if itis known that the
long-term mean annual sur-
face runoff for this model is
200 Mm, it can be estimated
that the annual safe yield of
the aquifer is 2 Mm?, be-
cause the natural level of the
water table will more or less
remain the same. By measu-
ring the water table, the
runoff and the abstraction,
the behaviour of the aquifer
can be monitored to see if
the predictions were correct

FIGURE 3} HYDROGEOLOGICAIL MODEL
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and, if not, the model can be
adjusted.

However, this ruather
simple model only reflects
the basic parameters. There
are many more complex
factors which must be taken
into account, such as rainfall
on the aquifer. evapotrans-
piration by the vegetation
growing on the aquifer, the
underground throughflow
in the river, the under-
ground inflow from the
surrounding area, the stored
water reserves against the
abstractable reserves and
the dead storage, the rate at
which the water can be ab-
structed, the number of
production boreholes and
the water decmand which
must be satisfied by the
water scheme from the
aquifer. All these para-
meters cian also be mathe-
matically modelled to
monitor the behaviour ol

the aquifer and to dcter-

TABLE 2: MAJOR GROUNDYWATER SOURCES

River Aquifer Stored Safe yield
reserves (Mm'/a)
(Mm')
Omiruru Omdel 150 4.5
Additional due
to dam R
Total 150 R.0
Kuisch Swarthank 15 0
Rooibank 20 1.2
Arca B I 0N
Dorop RED) 1.0
Total 455 6.0
Koichab Koichab 640 1.1
Uniah Uniab S 0.0

mine the long-term sustain-
able sale yield. \

Another important pa-
rmm
quality_of groundwater.
According to Namibian
drinking water quality
guidelines. water is divided
into groups according to the
“*ﬁhr—"L"chcnuwmu(rm A
water is of cxcellent quality
with a total dissolved solids
(TDY) concentration of not
more than | 500 mg/l (mil-
ligrams per litre). Group B
water is of good quality and
has a TDS of less than 2 000
mg (. while Group C water
has a TDS of less than 3 000
mg: [. Group D water has a
TDS of more than 3000
mg/l. Water in Groups A
and B poses no health risk.
but Group C water may
have a low health risk, de-
pending on the concentra-
tion of unacceptable deter-
minants like sulphates
(cause diarrhoea). nitrates
(cause methaemoglobine-
mia in children under the
age of one ycar) and fluoride
(causcs mottled teeth).

The annual safe vields of
the aquifers listed in Tabic 2
have been estimated accord-
ing to the best available in-
formation. but the figures
are subject to change duce to
the behaviour of the system
and are under constant scru-
tiny as part of an aquifer
management strategy which
includes the monitoring of
all the releyant parameters.

The stored reserves in an
aquiler have no bearing on
the sate vicld because the
sale vield is dependent on
the actual mean annual run-

off in the river and the e
timated rccharge from.th
runoff. However, the store
reserves provide the bulfe
required to bridge long pe
riods ol no recharge duc 1
the crratic bechaviour o
ephemeral rivers,

The rate at which wate
can be abstracted from s
aquifer also depends on-the
permcability of the allu
vium, the installed pumpinyg
capacity ol a borehole. the
number ol borcholes in the
aquifer and the area which
can be covered with the
borcholes. , - N

A AT

One wayv to enhance
aquifer recharge is to in-
crease the natural infil-
tration ol surface runotl.
This can be achieved by
building a dam to store
floods in order to allow the
siltto settle. The clear water
is then allowed to infiltrate
the aquifer through infil-
tration beds. 1tis not alwins
appropriate or practical to
attempt a recharge enhance-
ment project, but the bene-
fits from such a project can
be seen in the case of the
Omaruru Delta, where the
estimated salce vield of the
aguifer can be increasced
from4dSMmbato8Mm' a
(scc Table 2).

HISTORIC
DEVELOPMENT
OF WATER
UTILIZATION
IN THE NAMIB

Archncnlogicnl investi-
gations in the Na-
mib have located a substan-
tial number of dwelling sites.
some associated with stone
circles. close to the coast.
This indicates that ancient
peaples must have been
active along the coast and in
the desert. They could not
have survived without watcer
and many ol the sites, re-
ferred to as “Strandloper
middens™, are located nem
AWAler SOources.

About 600 vears belore
the birth of Chuist the Feyp-
tan Pharaoh Neco sent
Phocnician sinlors, who
were constdered the bestsea-
farers at ‘that time. to ci-



‘Teumnavigate the “land mass

of Libya" (Alfrica). This epic
voyage started from the Gulfl
of Suez und it took them
three years to reach the " Pil-
lars of Hercules™, the pre-
sent-day Rock of Gibraltar
at the western entrance to
the Mediterranean Sea. This
implies that the Phoeni-
cians must have sailed
clockwise round the conti-
nent of Africa, but no men-
tion is made of their having
obscrved or visited the in-
hospitable Namib coast.
The reason for this may be
that they avoided the trea-
cherous coastline and water-
less hinterluand.

The cursory exploration
of the Namib coast by early
Portuguese navigators like
Diego Céo, who planted a
padrio at Cape Cross in
1486, and Bartholomew
Diuz, who crected a similar
cross in 1487 at Luderitz.
wis of very short duration.
They must have realized that
the land could only be in-
habited il adequate supplies
of water were found or
brought by ship and put
ashore.

The next attempt to ex-
plore the coast was made
two centuries later when the
Duteh East India Company
dispatched ships, in 1670
and 1677, wo investigate the
possibilities of establishing
trading stations on the west
coast. The seemingly deso-
late heaches at Walvis Bay,
Sandwich Harbour and
Luderitz were visited and
contact was made with local
Khoi-khoi.

Little else happened until,
another century later, the
British surveyed the coast-
line in 1786. In 1793 the
Dutch carried out an exten-
sive investigation at Walvis
Bay. It.was also reported
that a large number of
whalers, representing vir-
tually all the seafaring
nations of the time, were
operating in the Atantic
Ocean olf the Namib coast-
line. According to old ships’
journals the carly whalers
established o number of
drinking water depots along
the coast,

It became known that
brackish water occurred in
the sandy, dry river-beds
and the remains of watering
points werc found at wells in
the Swakop River, at Sand-
fontcin ncar Walvis Bay, at
Sandwich Harbour, at Ani-
chab just 40 km to the north
of Lidcritz and elsewhcere.
Of these, the best fresh water
source was at Sandwich
Harbour,

The establishment of the
whaling industry, sealing,
fishing and the discovery of
rich guano deposits on
Ichabo Island and other
islands in about 1850, rc-
sulted in further develop-
ment at Luderitz and Walvis
Bay. Nccedless to say, the
supply of fresh water,
shipped in barrcls (ro
Cape Town, became an ing4,
portant trade item. §

In 1887 the German Wesh
Africa Compgny established
a canning fyctory at Sand-
wich Harbour because of the
availability of fresh water
permeating through the
desert sand along the sca-
shore.

By 1897 Lideritz was the
first settlement in the Namib
to obtain potable water
from a scu-water desali-
nation plant. After the dis-
covery of diamonds ncar

TABLE 3: OPEN WATER SOURCES OF THE NAMIB COAST

Lideritz in 1908, the first
industrial usc was made of
sca-water ‘by pumping it
through a pipeline over a
distance of 28 km, from Eli-
sabeth Bay to the diamond
mining town at Kolmans-
kuppe.

The supply of fresh water
remained problematic, but
was augmented by shipping
it in barrels from Cape
Town to Lideritz and
transporting it by rail to
Kolmanskuppe. The railway
linec from Luderitz to the
interior had already been
completed in 1906 and water
could also be transported by
rail from a spring at Garub,
some 100 km away on the
castern cdge of the Namib.
The desalination plant at
Lideritz utilized distillation
echnology and was upgra-
ed from time to time. It
‘produced up to 550 m'/day
y the time it was closed
own in 1967, when the
oichab Pan-Lideritz Re-
ional State Water Scheme
as commissioned. The
oichab Pan is some 60 km
orth-cast of Luderitz and
the water is abstracted by
means of borcholes in the
alluvium of an ancicnt
channel partially covered by
sand-dunes. The capacity of
the water scheme is about

0,85 Mm?/aand the wateris
conveyed (o a terminal re-
servoir at Luderitz through
a 100 km gravity pipeline.
Annexed by the British,
the Walvis Bay enclave was
incorportated into the Cape
Colony in 1884, the same
year as the remainder of
Namibia was decclared a
German protectorate, called
South West Africa. As the
Germans did not have (rce
access to Walvis Bay, they
constructed a pier at the
mouth of the Swakop River.
This stimulated develop-
ment at Swakopmund and
in 1902 lcd to the esta-
blishment of the first bulk
water supply scheme in the
country. The water came
from borcholes in the allu-
vium of the Swakop River.
In 1934 a huge flood in the
Swakop River damaged the
water scheme at Swakop-
mund. but although the
damage to the physical
infrastructure could be re-
paired. the increasing sa-
lination of the groundwater
—as arcsultof runoffin the
desert - could not be pre-
vented. By 1956 when the
salinity of the water had in-
crcased to 7000 mg:|l,
Swakopmund had to be
linked to the only fresh-
water sources known in the

Name of source Origin Water quality Potability
Totsal dissolved solids
(me/1)
Anichab ...................... Koichab Pan? 1 800 — 8100 Yes
AUTUS ..o, — 18 500 No
Saddle Hill ....................... — 6 000 — 10 000 No
Spencer Bay ...................... - 1 300 — SR 400 Yes
Naribis ......coccoevvveirenne — 2 500 Yes
Meob Bay ............ Sossusvlei 5550 No
Reutersbrunn ....... Sossusvlei 3200 No
Fischersbrunn ......... Sossusvlei 2900 — 13400 Yes
Conception Bay Tsondabvlei 7600 — 8300 No
Sandwich Harbour ............ Kuiseb River 1 060 — 13 000 Yes
Sandfontein ..o Kuiseb River 2 500 Yes
Gaiais Fountain ............... Ugab River 18 000 No
Huab River Mouth Pools .. Huab River 20 000 No
Uxieb Fountain ............... Koichab River 20 000 No
Wolfwasser Fountain ........ .- 4 500 No
Uniab River Pools ............. Uniab River 13 700 No
Oasis Fountain .................. Hoanib River 4 000 No
Klein Oasis Fountain ........ Huarusib River 65 000 No
Khumib River Pool ........... Khumib River 2100 Yes
Sechomib River Pool ........ Sechomib River | Vi - No
Ako Fountain ... Munutum River 15 000 . No
-y 3190 ¢ p
3 2]
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vicinity, those at Rooibank
in the Kuiseb River, which
also supplied Walvis Bay.

After the discovery ol
diamonds, a number of dia-
mond mincs had been dc-
veloped between  Liiderits
and Walvis Bay. The most
noteworthy scheme to pro-
vide fresh water for these
mines was a 70 km pipeline
from Fischersbrunn near
Mcob Bay 1o Charlotten-
felder, Hotsatia and Con-
ception, the latier about 120
km south ol Walvis Bay.

The results of various in-
vestigations into the occur-
rence of open water along
the coast between Walviy
Bay and l.idcritz were re-
ported between 1887 and
1968 by cminent scientists
like Drs. F. Stapf (1883),
H. Lot (1905). P. Range
(1908). E. Reuning (1913)
and H. Hellwig (1968). Fur-
ther research on the quality
of surface water has been
done since then and some of
the latest information s
reflected in Table 3 while
Map 2 gives the location of
some of the fountains.

The end of the First
World War and the allo-
cation ol German South
West Alrica to the Union of
South Africa as a mandated
territory stimulated rapid
developmentat Walvis Bay.
After Turther investigations
into the groundwater re-
sources ol the Kuiseb River,
the South Alrican Railways
and Harbours by 1923 com-
pleted a bulk water supply
scheme to provide 80 000 m'®
ol water per annum from
two wells at Rooibank,
some 20 km cast of the coast,
via a 9-inch (230 mm) cast-
iron pipeline to Walvis Bay.
This water scheme brougih
nearly 80 vears of shipping
fresh water to Walvis Bay 1o
an cffective end.

From 1927 onwands dia-
mond prospecting to the
north of the Orange River
mouth led 1o the develop-
ment of Oranjemund. where
water from a perennial river
running through the Namib
was utilized tor the first
time. Largeascale industrial
abstraction of sea-water for
diamond  pravel washing
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MAP 3: CENTRAL NAMIB WATER SCHEME

.
.
Ssndvad 8oy
e ———
LIRS 't 1tem

-tI“\

I

S SwaARTSA N

S~

3
‘.4
-
.

also takes place at the mine.
The next major develop-
ment in the Namib which
utilized & perennial water
source was only realised in
1968 when the Rosh Pinah
Minc (zinc. silver and lead)
came into operation. The
Rosh Pinah State Water
Scheme supplics water from
the Orange River by means
of a pump-station protected
by a concrete abstraction
tower. to a purification
works from where it s
pumped via a 20 km pipe-
line to the consumers at
Rosh Pinah.

Alter the Second World
War development and the
concurrent water demand at
Walvis Bay increased sub-
stantially. The existing
wiater sources could not
meet the demand and by
1950 the water scheme was
taken over from the Rail-
wiars by the South West
Alrica Administration in an
attempt o antensify  the
scarch for water and cex-
pedite the establishment ol
an adeguate water scheme.

Duce 10 a continunous in-
crease i water demand, at

both Walvis Bav and Swa-
kopmund. additional water
had to be located and sup-
plicd. Between 1960 and
1990 an extensive inves-
tigation was conducted to
determine the groundwater
potential of the Kuisch
River and the Omaruru
River. The gradual expan-
sion ol the Rooibank aqui-
fer since 1921, the incor-
poration ol the Swartbank
aquilerin the late sixties and
the development of the
Omaruru Delta in the
middle seventies, led to the
establishment of the Central
Namib Regional State Wa-
ter Scheme as it is known
today. Initially the Rooi-
bank and Swartbank aqui-
fersin the Kuiseb River were
developed and pipelines
constructed to supply water
to Walvis Bav and Swakop-
mund. By the time the Ris-
sing Uranium Mine ncar
Swakopmund came into
operation in 1976, the pipe-
line from Swarthank 1o
Swiakopmund had been re-
placed and rupgraded 1o
supply 4 Mm?® o, while the
groundwater sources in

the Omaruru River Delta
were incorporated by con-
structing a pipeline {rom
Henties Bay to Swakop-
mund to supply Il Mm''4.
A pipeline was also con-
structed from Swakopmund
to supply 14 Mm';a 10
Arandis and Rdéssing Ura-
nium Mine (sce Map 3).

WATER DEMAND
SCENARIO

Ithough the water con-
sumption figures in
Table 4 have been rounded
off, it can be seen that the
water consumption at major
centres in the Central Namib
Region rcuched a peak of
16,58 Mm' in 1980, but
dropped to 12,36 Mm® in‘
1990. This can be attributed
to the reduction in water
demand at the Rassing
Uranium Mine, mainly duc
to the recycling of water.
During the same period the
water demand at the urban
centres increased from
5,68 Mm'/a to 7,96Mm?'/a
at an average rate of 14
percent per year, implying
that a reduction in water
demand can be achieved |
without affecting normal,
urban socio-economic de-
velopment. However, when
taking the availability of
water resources into con-
sideration, the average
annual increase in water
demand must be reduced. If
conservation measures arc
successful, it is estimated
that the future water de-
mand in the Central Namib
Region will increase at not
more than 2,5 percent per
year to I8 Mm! in the year
2005.

The highincrease in water
demand between 1985 and
1990 at Liideritz is as a result
of an increase in domestic
consumption, the develop-
ment of a diamond mine at
Elizabeth Bay, a new fishing
factory and a scawced pro-
cessing factory. The annual
potable water consumption
at Elizabeth Bay, less than
10 000 m', is included in the
total consumption at Liide-
ny.

In 1990 a new diamond
mine which obtains domes-
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ticand industrial water from
the Orange River, was
upened at Auchas.

The annual consumption
of sca water at the diamond
mines at Oranjemund and
Elizabeth Bay is 40 Mm® and
20 Mm? respectively.

In the past there were also
a number of small mines
which have closed down and
are therefore not shown in
the table. Examples arc the
mines at Brandberg West
(wolfram, tin and lead).
Goantagab (tin), Sarusas
(amethyst), Terrace Bay
(diamonds) and Strathmore
(tin). More mineral deposits
may be minced in the Namib
in future, but itis difficult to
estimate this additional
demand.

FUTURE
DEVELOPMENT

s can be seen from Ta-
bles 2 and 4, the esti-
mated future water demand
in the Central Namib Re-
gion at the coast will in-
crease to at least 18 Mm!' a
by the year 2005, while the
sustainable vield of the
existing water resources is
estimated at only 14 Mm?® o,
The picture looks better for
the other water-consuming
centres in the Namib and at
the Orange River because
the sustainable vield of the
water resources will be able
to mect the expected water
demand.

This means that the ex-
pected wirter demand in the
Walvis Bay - Henties Bay -
Arvandis triangle will be
much higher than the capa-
city of the available re-
sources to meet the demand.
However, there are various
ways of resolving this situa-
tion and they arc:

. Conservation of water by

reducing unit consump-

tion and wastage:

Recveling of water used

in industrial and mining

processes:

X Reclamation of water
from waste-water ef-
Muent:

4. Nubstitution ol saline

ro
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vater lor potable water;
S AN emsion ol the existing

groundwiicr resources:

6. AMixing of potable water
with brackish water to
improve quality;

1. Enhancement of the re-
charge to the cxisting
aquifers:

8. Desalination
water: and

9. Importation of water
from the interior of the
country.

of sca

All the alternatives necd
to be examined todetermine
their viability, affordability
in terms ol capital cost, the
degree and sophistication ol
the technology involved.
operational and mainte-
nance implications, the
eventual unit cost of the
water to the consumer and
the cnvironmental consc-
quences.

It is clear that water con-
servation measures and the
reclamation ol waste water
should be a functien of the
local authoritics. while the
recvcling ol industrial cf

saline water lor potable wi-
ter should where possible be
the responsibility of indus-
try or mining operations.
The expertise for the scien-
tific investigations and fea-
sibility studies into the
extension of the ground-

fluent or the substitution of

water resources (through
drilling more boreholes in
the same aquifers, develop-
ing new aquifers or enhan-
cing aquiler recharge), the
desalination of sea water,
the mixing of potable and
brackish water to improve
the quality of the brackish
waler to potable levels, and
the importation of remotely
located water sources are
vested in the Department of
Water Affairs in the Mini-
stry of Agriculture, Water
and Rural Development.
The Department of Water
Affairs is at present con-
ducting a helicopter-borne
clectromagnetic survey into
the potential of the ground-
water resources under the
dunc scu to the south of the
Kuiseb River and in the
Omaruru Delta with the
assistance ol the German
yorvernment. This advanced
technology, which is non-
Pnvasive and environmen-
tally friendly. has been de-
veloped by the BGR (Bun-
lesanstalt ftir Geowissen-
schaft und Rohsioffe) in
Germany, The total arca to
be examined is 6 400 km-
and the cost ol the project is
R 1.5 million. The results ol
this imvestipation will de-

termine il it is possible to

TABLE 4: WATER CONSUMPTION AT THE WEST COAST

extend the Central Namib
State Water Scheme any
further 1o the south of the
Kuiseb Riverin future. This
work should be completed
by the end of 1991,

The Department is also
constructing the Omdecl
Dam, some 37 km cast of
Henties Bay on the Oma-
ruru River, to store {loods
long cnough for the scdi-
ments to settle, prior to the
walter being decanted and
led to spreading basins to
cnhance proundwater re-
charge. The dam wall will be
an carth embankment float-
ing on the underlying allu-
vium instead ol being sited
on the bedrock. The storage
capacity ol the dam will be
40 Mm' and the whole
scheme is the tirst of its kind
in Southern Africa. This
projecct should be comple-
ted by 1994 at a total csti-
mated cost of R42 million
(sce Figure 4).

At the same time the De-
partment s preparing i
Water Master Plan for the
Central Region of Namibia,
including the west coast,
with the assistance ol the
German Government,
through the GTZ (Gesell-
schaft fiir Technische Zu-
sammenarbeit) and a joint

Water consumption (cubic metres)

Consumer
1975 1980 19858 1990 2005*
Central Namib:
Walvis Bay ........... 4 100 000 3100 000 Y 600 000 4 100 000 S 900 000
S“‘uk()pmﬁnd ....... 1 S00 000 2 (00 000 2200 000 2 700 000 1900 000
R('is,\'ing Mine ....... 7 000 000 10 400 000 S 500 000 4 400 000 6 400 000
Arandis .......... 100 000 400 000 600 000 700 000 1 100 (X0
Henties Bay 40 000 80 000 140 000 260 000 400 000
Others ....ouueeveeeeeee 50 000 100 000 150 000 200 000 100 00
Subtotal ............... 12 790 000 16 080 000 12 190 000 12 360 000 18 000 000
Southern Namib:
Orunjcmund ......... S 050 000 6 200 000 6 400 000 6 100 000 R RO 000
Luderitz ............... 3150 000 170 000 190 000 620 0 900 (XN
Rosh Pinah .......... RSO 000 1 070 (0 1 100 000 1300 00 1 900 000
Auchas ................. S S00 000 N 000 00
Northern Namib:
Uis e, IRO (W) 44 000 SO 000 JRO (0 700 (X0
Terrace Bay ... S 000 S 000 10 000 20 000
.\;uhlolll ............... 6 630 000 8 105000 % 196 000 14010 000 20 320 000
[
Total ... 19 420 000 24 18RS 000 20 SR6 000 26 370 000

I8 320 000

*Laimated growth a 2.8 POICENt v from 1990 e s

T



venture consultancy be-
tween German and Nami-
bian engineering consul-
tants. This study willinclude
an evaluation of the water
demand and supply situa-
tion in the area under con-
sideration, as well as the
possible development and
incorporation of additional
groundwater or surface
water resources to meet the
estimated future water de-
mand. The feasibility of a
possible link to the Oka-
vango River on the Angolan
border to augment a short-
fall in demand will also be
studied.

The Department of Water

Affairs and Forestry in the
Republic of South Africa is
involved in further ground-
water resource develop-
ment, within the Walvis Bay
enclave, in the Dorop aqui-
fer on the Kuiseb River. It
recently appointed consul-
tants to investigate the pos-
sibilities for the desalination
of sea water.
[The Namibian Depart-
ment of Water Affairs has
already investigated the
feasibility of reverse osmosis
desalination technology, by
operating an experimental
plant at Swakopmund be-
tween 1978 and 1980, but in
view of the high unit cost of
the water desalination at
that time it was not con-
sidered a feasible option to
augment the water supply at
the coast.

The desalination of sea
water is expensive and can
[ be very complicated, espe-
cially so in desalination pro-
cesses which utilize mem-
brane technologies. The
sea water abstracted from
the Benguela Current is very
rich in nutrients and: plank-
ton and these impurities
tend to clog the reverse
osmosis mcmbranes and
must therefore be removed
before the desalination
process is attempted.

Although the estimated
cost of desalinated water is
between R6 and R8/m' it
might be less expensive than
the importation of water
from a water souree like the
OKavango River in the inte-

Hor ol the country.
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ENVIRONMENTAL
ASPECTS

he perceived exploita-

tion and depletion of
groundwater aquifers at the
coast. especially insofar as
the Kuiseb River is con-
cerned, has been a matter of
concern for environmenta-
lists for a long time.

Environmental conside-
rations in aquifer manage-
ment basically centre
around the conflict between
the respective water needs of
man and nature. Man is just
as much a part of the envi-
ronment as the fauna and
flora existing in the finely
balanced ecosystems in the
linear oascs provided by the
ephemecral river systems

running through the Namib,

Desert. It cannot be denied
that any abstraction of
water from a groundwater
aquifer will lower the water
table. be it temporarily or
permancently. and the effect
of a reduction in the water
table on the vegetation in the
river-bed  should therefore
be determined.

Itis clear that the conflicts
and impacts must be identi-
ficd to implement an aceept-
able and appropriate ma-

nagement strategy. This
might not have been done
satisfactorily in the past, but
the Department of Water
Affairs, with the develop-
ment of the Omdel Dam,
took the initiative to con-
duct the first environmen-
tal impact study of its kind
in Namibia at the time of the
feasibility study.

The major commitment
of the Department of Water
Affairs in this regard is to
conduct similar environ-
mental assessment studies
when new water projects are
under investigation for
future development in the
Namib or anywhere else (or
that matter,

CONCLUSION

Walcr resource develop-
ment in the Namib
Desert has a long and diflfi-
cult history. 1t will also
renmain problematic and
major challenge to those
scientists and engineers who
must locate. provide and
conserve the scarce water
resources in the face of the
incvitable demands ol fu-
ture development.,
Thedevelopment of w :|ic_|
schemes in the Namib has

taken place after caetul

rescarch over extendec
periods ol time and will t
continued as the need arise
technology advances an
funds arc made available.
is clear that groundwate
are difficult to find and
takes time to understand tl
natural processes that cos
trol the sustainability
those sources. At the san
time all the impacts must t
studied to lactlitate con
servation by formulatin
proper environmental m:
nagement strategies.

It therclore stands to ¢
son that local, regional an
national authorities, as we
as the general public. wi
have to make a combine
effort to contain waltd
demand and to ensure th
most acceptable utilizatio
of the available water r
sources in the Namib.

Piet Hevns. a civil engineer
is Director: Investigarion
and Research in the Nann
hian Depariment of Wate
Allairs.

Footnote: Translations o
“Namib™varv. Among then
are Ushield™ and “erea
plain™, with a connotatiol
of anidity. Fditor.
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