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T. he is lo-
cated within a narrow 

!itrip ol land on the !iouth-
we!itern coast of Africa and 
stretches uver a distance of 
I 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 I SO 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 
area of the Namib in Na-
mibia is about 130 000 km2 
(see Map I). 

The whole desert land-
sntpe with its dry river-beds 
and windswept dunes 
appcurs to he a 
waste. Althuugh the word 
nnmih (!iiee footnote) means 
.. place where there is no-

- !hing''. dosei examination 
reveals that this is not really 
the case. In spite of the arid 
condition!li there is a relative 
abundance of plants, birds. 
reptiles. insects and other 
animals. whose very syryjval 
is mude possible -by the oc-
-.:urrence and a\·ailability of 
one of the most vital life-
suprorting re!liources in 
nature - water. 

The Namib receives ,·cry 
little rain. but is often 
co\'ercd hy " shroud of fog. 
which introduces moisture 
to the coastal belt. There are 
also u few with some 
open water. the most signi-
ficant of these being the two 
rerennial rivers. the Cunene 
and the Orange. which cross 
the desert on the northern 
and !liout hcrn borders of 
Namihht. 

Since the appearance of 
man. the location. avail-
ability. quuntity and quality 
of water hus dictated to a 
very ·l:trge extent where 
renrle c:nuld live. While 
t ht•rc ure urcas in the world 
\\·ith a huge surplus of water. 

The white, dry bed of the 
Kuleeb River wind• through 
the Kul•eb Canyon, left, as u 
eroset;e the Namlb Desert on 
Ita way to the Atlantic Oe'!an. 
f'irtu,.. . Cllv. 

there arc also those regions 
like the :"Jamib with margi-
nal supplies. fl.ut which 

\'ast natyral re-
sources and thus altract 
b.uman habitation and 
socio-economic develop-
ment. 
. One of these natural rc-

available from water-
bearing a flu, ial aquifers in 
the normally dry river-
courses running from the 
interior oft he countr\' tot he 

For many millions of 
years these ,·cry significant 
water of till: 
Namib were unknown to 
man. except for a few 
brackish springs which 
could he utili1.cd to quench 
the thirst of the occasional 
visitor. 

The Namih i\ a desirable 
place to lin: and the chal-
lenge to provide enou!!h 
water of acceptable 
to sustain dc,·clopment ha-. 
hitherto been "'et despite 
the dearth of open water". 
Q,·cr the \'Cars man has 
mastered technique-. ol 
'ila'rncssinl! watf!r rf"c:m 
in where they occur in 

.o a Jl a 

tain human. industria! and 

places wi,crc..-- due to an 
absence of water. settlement 
would otherwise not have 
been possible. 
nuitv to locate. tap and 
t.r.ibute potable ground-

from alluvial agu'i'1C'rs 
iu the :\anub to centres .9f 
development such as Swa-

Ltiderill. Oranjemund. Uis 
....and Arandis has und..c__r-
ploned mining •. fishing tou-
rism and other U!.dustries in 
the dc\C.l.t. 

All this dcvelopmcnl 
posed considerable chal-
lenges for the conservation 
and protcction of the em·i-

through comprc-
lCnsi,·e management st ra-

whet her tn the lie Id of 
ti11 n till! . 1 n (] us try . n a t u n: 
consenatinn. urhan dC\l'-

I!!.P rn c n t t, r uti I i 1 at ion o I 
water 

CLI!\1ATE AND 
\\'ATER RESOUnCES 

T he "at er resources of 
the arc fog. 

rainfall. smf'ace water run-
off. groundwater and sea 

not 
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na m ed in order of priority. 
because ol differences in 
their application and un-
portancc. Howe,·cr. 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 r actors 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 position and 
strength of the dry, anti-
cyclonic Atlantic high pres-
sure svstem in the west and 
the cyclonic Indian 
Ocean high pressure system 
in the east. as well as the cold 
Bcnguela Current which 
Oows from south to nonh 
off the west coast . 

Summer rainfall occurs in 
the Namih. hut the southern 
tip of the desert also c.xpe-
ricnccs wintcr rainfall. In 
summer the rain is caused h\ 
the humid air of the India;, 
Ocean high pressure system 
moving in from the north-
cast, although the air mass 
has lost most of it!li moisture 
by the time that it reaches 
Namibia. Winter rains only 
occur if' the: Snuth Atlantic 
low pressure system is 
strong enough to conny the 
moist air as far north as the 
southern extremity of the 
Namib. In \'icw of ad-
verse conditions. hoth 
summer <tnd winter rainfall 
arc very low. The annual 
precipitation ,·aries on 
average between a little 
more than tcro at the coast 
to 100 mm along the eastern 
escarpment. Rainfall is also 
ext rcmcly erratic and the 
average deviation from the 
annual average varies be-
tween 50 percent to 
than t(O pcrl·cnt. 

The surface runoff in the 
ri\'crs at I he coast usually 
originates in areas of higher 
rainfall in the central high-
lands. The: rainfall which 
ol'C.:urs hct \\'l'l'll October and 

. April in the: interior of the 
country the runoff 
which recharges the allu\'ial 

,in the large ri\'crs 
fl o w i n !! t o t h c "A t I a n t ic . 
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MAP 2: RIVERS OF TilE NAMIR The5e rivers arc cal-led 
t ..... ....... 

and only rtiQ r---r------.,--------r-----, 
G r;ins enough. ANGOLA 

J[ the the rain- ·-·-NA-H-tBIA ·-· 
$lorms Ji rao_Jpw theru 

rYAo!f or riveu 
now for onl}l--8-Certain dis-tance before all the water is 
N5orhed .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. 
N-ermally ahstraeted b-y 
mcaAs of wells and hn.te-
h.o.le.s_ it is at present the 
most important water re-
source which can be utilized 
economically to support 
urban, industrial and mi-
ning devdopmenuLoJ!l the 
cq_ast and in the desert. -

In the coastal lone 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 HO 
percent. All these conditions 
favour the formation of fog 
or low stratus clouds. but 
prevent cloud development 
for rainfall. There is a slight-
ly higher occurrence of fog 
during winter than in sum-
mer. 

f 
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The average annual eva-
poration, affected by sea-
sonal \'ariutions in wind, 
temperature, humidity and 
rainfall. varies between 
3 400 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 Lu-

deritz. The direction of the 
wind plays an important · 
role in blowing coastal l(,g 
further inland. At times a 
berg or cast wind, similar to 
the John in southern Eu-
rope, blows from the intc-· 
rior to the coast and 

1 

very high temperatures. j 
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 
indeed a water resource 
which could be used directly 
in some industrial proresscs. 
making it possible to con-
serve fresh-water reserves. 
or it can be desalinated to 
provide potable water. 

HYDROLOGY AND 
HYDROGEOLOGY 

When taking the climatic 
conditions in Na-

mibia into consideration. 
the hydrological . cycle is 
extremely unf avourablc. as 
reflected schematically in 
Figure I. The usual situation 
is that RJ 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 utili1.ed by the 
vegetation . Of the remaining 

Fog is an indispensable 
natural phenomenon be-
cause it is a vital water re-
source for the fauna and 
flora of the Namib. lt can be 
expected between 90 and 
ISO days per annum, or on 
average eight to 12 days per 
month. and extends inland 
for 10 to 60 km from the 
coast. lt 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. lt is estimated that the 
condensed fog is equivalent 
to an uveruge annual rainfall 
of about 45 mm_ The reln-
ti\'cly high humidity also 
provides moisture for cer-
tain plant!\ like lichens. 

Although fog is an impor-
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 
nuctuations 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 

as measured 
at Lt'idcrit7 .. \'arv between 
ooc and 40°C. · 

FIGliRE 1: HYDROLOGICAl. CYCLE 
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3 percent of the surface 
runolf, can be 
impounded in dams and 
only one-third recharges 
aquifers. h is therefore im-

to build dams to 
runoff a_M 

't!t er a}fu1 crs '"'udU__to 
tkYelop avaibeiG water 
sources. 

nf the fact that the 
surface runoff and ground-
water aquifers in the ephe-
meral rivers of the Namib 
are at present the only eco-
nomically ,·iable sources of 
water the coast. it is of 
critical importance to study 
the hydrology and 
geology of lhc resources to 
determine their magnitude 
and lung-term sustainable 

FIGlJRF. 2: T\'I'ICAL ALLUVIAL AQUIFER 
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The comhinatinn of a 
area and 

adverse climatic conditions 
like low rainfall. high tem-
peratures and high cvapo-

water-courses cros- ration rates arc the main 

Cunene and reaches the sea 
only once c\·ery two years . 
Namibia is therefore re-
g a r d c d as a .. g.io n 
without any perennial riycrs 

sing the from cast tu causes of the low Oood fre-
\\CSt can be divided into two 4uency and relatively small 
major groups. They are the mean annual I'Unoff. 

and the The reason. why the Cu-
cphcmcral ri\ crs . The latter ne ne and Orange rivers on 
can he subdi\ ided into those the nonhern and southern 
occasionally ol \amibia arc pc-
through to the Atlantic =ial. is because they have_ 
Ocean and those that never vu)' I;LQ:e catchment area1i 
reach the sea (sec \1ap 2 for whic·b ·m· loc·•s•·d in rela-
oricntation). The most im- rainfall areas in 
portant information a\·ail- ,Angola ancl South Africa. In 

on the rh er!\ shown in comparison. the Ugab Ri-
Tahlc I. Th"' hydrological vcr. which has the largL'St 
charactcristit·s of all the catchment nf the ephemeral 
rivers ha\·c ht!cn measured rivers in the tahlc. has only 
or calculated and through 37 percent of 1 he catchment 
continuous monitoring the of the Cuncne River. The 
data busc is improved to Ugab has a mean annual 
facilitutc better estimates of runoff of on I\· H M m' (M ii-
Oood fre4ucncy and mean lion cubic metres) compared dann to tltc 5 500 Mm' of the 
TABI.F. 1: RIV RS OF THE NAMIB 

''· '' 

Typf·- C•tt'h· ... ,._ Mun 

riur (km!) or nood runoff 
mfnt I I •nnu•l 

Pcrtnnial 

F.rhtmcr•l 
(rc:echinl! 
thc sc:s) 

rrhcntcral 
(landludcdl 

Cuncnc 
Orani!c 
lfuanih 
Uuah 
ltuarusib 
Khumih 

SwaLor 
llni:th 

Keti(hah 
h:tul·hah 

0 \1 olh"n' o•l e·utoo, IIIC'Ih'• f't'l \\' .11 

I OSO 
2 2SO 

220 
· 2M 

21(0 
l.lO 

.l .ltl 

.' .\0 

l:!tl 
.SilO , .. , .. 
I-III 

(yun) (Mm'/•)' 

lOft 500 -
BSO 000 11 ouo 

18 100 I in·' 4.11 
lit lOO I in ·' 4.11 
If, !tOO q in 10 211 .11 
2 800 I in 10 1.0 
) 100 I in 10 1.11 

21 400 I S.O 
15 700 I in 2 12.0 
.'2 f,OO I in .S ft.O 
8 100 I 1.0 

JCJ 1011 I in 2 11 .0 

20CI I in-' l .ll 
.. )(1)(1 I in ·' \Cl 
411()0 I in .l ft.O 

f-t,Q_. lt also explains why 
some ri\'crs arc completely 
land locket! or smothered by 
I he sands of the Namid De-
sert. 

The hetlrock underlying 
the. :\amib m:tinly compri-
ses the late Precamhrian 
succcssions and orogcnic 
belts of the sedimentary 
Damara Sc4ucnce which 
was laid down in a shallow 
sea some 750 million tu 620 
million years ago and later 
c x t e n s i ,. c I y m e 1 a m o r -
phoscd. The rocks comprise 
impermeable granite. gneiss. 
schist and 4uart1.ite. The 
origin oft he present features 
of the c:m possibly he 
traced hack to lhe breaking 
up of the ancic:nl Gondwa-
naland 200 million to 
million years ago. This was 
followed hy a number of ice-
ages which lasted for 60 
million years and persisted 
until about 10 000 years 
ago. 

\V it h the lowering of 
tempcrat urcs. more water 
fro1.e on the high mountains 
and lhc polar ice-caps. This 
red uccd the level of the 
oceans hy more than 100 m 
and exposed up to NO km t'f 
the western continental 
coastline. In the periods 
het the ire-ages. tem-
peratures rose:. thL· ice 
melted and SL'a levels :tt 
times ruse L'\'l'll higher 1 han 
the existing mean sea k\'d . 

-... 
The present N amib land-

scape gradually rises from 
sea level to about I 000 m at 
the eastern escarpment. 
However, a combination of 
the formation of glaciers 
creeping down the moun-
tains, techtonic activity and 
ancient rivers nowing du-
ring the wetter periods had a 
huge effect on the coastal 
and riverine topography . 
Deep valleys were can-ctl 
into the bedrock and sub-
sequently filled with allu\'ial 
deposits comprising calca-
reous cemented sands. con-
glomerates and sands as well 
as layers of clay and silt . 

The littoral sediment 
transport action of the Bcn -
gucla Current. which was 
fully developed some live 
million years ago, also made 
a contribution to the lnr-
mation of the tcrtiary-agl'd 
Tsnndab Sandstone Forma-
t ion and 1 he more recent 
dune sea. hoth overlaying 
1 he hctl het we en Uillc -
ritt and the: Kuiscb Ri,er. 

The allu\ ial dqwsits in 
the ri,·cr-beds and other 
water-hearing formations 
arc partially 'a-
turated with water. These 
geological arc the 
most imponant sources nf 
groundwatn in the Namih. 
Figure 2 slw\\s a typical 
section through <tn allu' ial 
a4uilcr adjarcnt to a sand-
stone ac4uikr. as found in 
the Lower K uiscb . 

The hydrogcological ha-· 
lance in an a4uifcr must he 
st udicd and analyzed ,·cry 
carefullY to determine the 
lmw-•crm 7tlstainahlc 
x.!cld because a ground -
"" ·s t ,. r r !' s o u H' e c a n n o t 
s.uprly more: water than the 
4uantity replaced by nature. 
Thts ts done hy developtnga 
hydrogcological ground-
water model :ts shown in 
Figure J. 

The total \olume of the 
a4uifer in Figure J is I 000 
Mm'. hut the sand in an 
alluvial a4uifer is usually 
saturated with water only to 
a certain Incl. The water 
kw I shown in 1 he bore hole 
is at XO m amlt he volume nl 
satttratl'd sand is therclore 
only M m'. The volume 
of saturated s:lnd contains a 
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ccr.tain percentage of water 
and a certain percentage of 
solid !liand particles. The 
volume of the space which 
can be saturated with water. 
is called the storage co-
efficient. If the storage 
efficient I 0 percent. then 
the volume of red water is 
80 Mm'. This means that if 
I M m 1 of water is abstracted 
from the aquifer via the 
bore hole. the water level will 
drop to 79 m. If there a 
nood across the aquifer and 
the water table rises by l m. 
the recharge must have been 
I Mm -1• If the size of the 
nood was measured at I 00 
Mm·' and l Mm 1 of water 
infiltrated. then the 
coefficient is I percent. l(the 
nood was measured at 200 
Mm' and it is known that 
the recharge coefficient is I 
percent. then it can be ex-
pected that 2 Mm -1 will have 
infihnstcd into the aquifer 
and that the water table will 
have risen tw 2 m. 

If all parameters arc 
known. aquifer behaviour 
can be predicted . For in-
stance. if it is known that the 
long-term mean annual sur-
face runoff for this model is 
200 M m·'. it can be estimated 
that the annual safe yield of 
the aquifer ts 2 M m·'. be-
cause the natural level of the 
water table will more or 
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 

FIGttltE J: lfYDROGF.OLOGICAI. :'\100EI. 

and. if not. the model can be 
adjusted. 

H owe v er. this r a 1 h c 
simple model only reflects 
the basic parameters. There 
are many more 
factors which mmt be taken 
into uccount, such as rainfall 
on the aquifer. ev<lpotran ... -
piration hy the vegetation 
growing.on the aquifer. the 
underground throughflow 
in the ri\·er. 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 bnreholes and 
the water demand which 
must be satisfied by the 
water scheme from the 
aquifer. tdl these para-
meters can also be mat he-
matically modelled tn 
monitor the behaviour of 
the aquifer and to deter-

TABLE 2: MAJOR TER SOURCES 

Rh· er 

Omaruru 

Kuisch 

12 

Aquifer 

Omdd 
Additinnul dUl' 
tu dam 

Total 

S\\ 
Ruuihan&. 
/\rea n 
Dnrnp 

Tulal 

off in the river nnd the 
timatcd recharge from . th 
runoff. However, the store ' 
reserves provide the bulfc 
required to bridge long pc 
riods of no recharge dne t 

the erratic behaviour ( 
ephemeral rivers. 

The ratc aJ which W<1tc· 
can be abstracted from 
aquifer also depends on- h 
permeuhility of the allu 
vium. the installed pumpin 
caracity of a horeholc. till 
numhcr ol horeholcs in tht 
aquifer and the area which 
can he C(l\"ercd with tht: 
borchoks. 

()ne "' a\. to en ha ne c 
ayuifer recharge 1s to Ill· 

crease the natural infil-
tration of surface runnll . 
This c:111 he achieved h\ 
building a dam to stPrt.: 
flno(b in o1dn to allov. thr 
..,jft to ... ettk. The clear water 
is then :tllowcd to inliltJ:tte 
the ay u i le r through in I i 1-
tration heds. lt is not alwa'' 
appropriate or practical to 
attempt ;1 recharge enhanct.: -
ment project. but the hcnc-
fits from ... uch a project can 
be seen 111 the case nf thL' 
Omaruru Delta. where the 
eqimatct.l safe yield of tht.: 
ayuifcr can he tncrca,l·d 
fro m 4 .5 M m 1 

· a t o X f\·1m a 
(sec Tahlc 2) . 

HISTORIC 
DEVELOPJ\1ENT 

OF \VATER 
UTILIZATION 

IN TilE NAI\118 

;\ rch:tcological invcsti -
J-\. gations in the 
mih have a suhst:tn-
tial nu m her of dwelling sites. 

associated with qonc 
circles. close to the coast. 
This indicates that anctcnt · 
prnplcs must have hccn 
acthc along the coast and 111 

the desert. They could tltll 
han· sun·ivcd without watrr 
and manv ol the rt'-

krrcd Ill as "Strandlopn 
rniddcns". arc located nt.:ar 
water StHtrt"l's . 

Ahout 600 \'l':trs hrltnl' 
thr hirth ''' ('htist the F!-!'P -
t i an I' h :11 :lllh Ne en 'l'llt 

l'lwrnician sailor-.. \rill' 

\\'l'rc ronsidnrd 1 he hest sca-
l:nns :11 that tirnl'. tn l"ll -
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cumm.vigate the "land mass 
of Libya" (Africa). This epic 
voyage started from the Gulf 
of Suel and it took them 
three years to reach the "Pil-
lan of the pre-
sent-day Rock or Gibraltar 
at the western entrance to 
the Mediterranean Sea. This 
implies that the Phoeni-
cinn!li must have sailed 
clock wise round the conti-
nent of Africa, but no men-
tion i!li made or thr.ir having 
ob!lierved or visited the in-
hospitable Namib coast. 
The rcuson for this may be 
that they the trea-
cherous coastline and water-
less hinterland. 

The cursory exploration 
of the Namib coast by early 
Portuguese navigators like 
Diego Cao, who planted a 
padrao at Cupe Cross in 
14Nfl. and Bart holornew 
Dial., whn erected a similar 

in 14X7 at Luderit1.. 
. was or \cry short duration. 
They must han! realized that 
the land could only be in-
habited if adc4uate supplies 
of water found or 
brought hy ship and put 
ashore. 

The next to ex-
plore the cunst made 
two centuries later when the 
Dutch East India Comruny 
dispatched ships. in 16 70 
and I 677. to invc!litigatc the-
possibilities of establishing 
trading stations on the west 
coast. The seemingly deso-
late beaches ;at Walvis Bay. 
Sandwich Harbour and 
luderit1. were visited and 
contact was made with local 
K hoi-k hui. 

little else happened until. 
another century later, the 
British surveyed the coast-
line in 17N6. In 1793 the 
Dutch carried out an exten-
sive investigation at Wah·is 
Bay. lt. was also · reported 
that a harge number of 
whalers. representing \'ir-
tually all the 
nations of the time, were 

in the Atlantic 
Ocean uff the N:1mib coast-
line. to old ships' 
journals the early whalers 
cstablishl·d a number or 
drinking water derots along 
the l'Uast. 

lt became known that Luderitz in 1908, the first 
brackish water occurred in industrial use was made of 
the sandy. dry river-beds ·by pumping it 
and the remains of watering through a rireline over a 
points were found at wells in distance of 28 km. from Eli-
the Sw;tkop River, at Sand- sabeth Bay to the diamond 
fontein near Walvis Bay, at mining town at Kolmans-
Sandwich Harbour. at Ani- kuppe. 
chab just 40 km to the north The supply of fresh water 
of luderit1 and remained problematic, but 
Of these, the best fresh water was augmented by shipping 
source was at Sandwich it in barrels from Cape 
Harbour. Town to Luderit1. and 

The establishment of the transrorting it by rail to 
whaling industry. sealing, Kolmanskuppe. The railway 
fishing and the discovery of line from Luderitz to the 
rich guano deposits on interior had already been 
lchabo Island and other completed in 1906 and water 
islands in about 1850. re- could also be transported by 
suited in further de\'elop- rail from a spring at Garub. 
mcnt at Luderitz and Walvis some 100 km away on the 
Bay. Needless to say, the eastern edge of the Namib. 
supply of fresh water. The desalination plant at 
shipped. in barrels .uderitz utili1.cd distillation 
Cape Town. became an ir echnology and was upgra-
port<lllt trade item. ed from time to time. 1t 

In IHN7 the German \Ves . · roduced up to 550 m'/day 
Africa established y the time it was closed 
a canning f"ctory at Sand- own in 196 7. when the 
wich Harbour because of the nichab Pan- Lljderitt Re-
availability of fresh water ional State Water Scheme 
permeating through the as commissioned. The 
desert sand along the sea- oichah Pan is some 60 km 
shore. ort h-east of Luderitz and 

By 1897 luderitz was the the water is abstracted by 
first seltlement in the :\amib means of boreholes in the 
to obtain rotable water allu\'ium of an ancient 
from u scu-watcr channel partially covered by 
nation rlant. After the dis- sand-dum·s. The capacity nf 
covery of diamonds near the water sd1eme is about 

0,85 M mJ I a and the water is 
conveyed to 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 declared a 
German protectorate, called 
South West Africa . As the 
Germans did not have free 
access to Walvis Bay. they 
constructed a pier at the 
mouth of the Swakop Rivcr . 
This stimulated develop-
ment at Swakopmund and 
in 1902 led to the esta-
blishment of the first hulk 
water supply scheme in the 
country. The water came 
from boreholes in the allu-
vium of the Swakop River . 
In 19J4 a huge nood in the 
Swakop River damaged the 
water scheme at Swakor-
mund. hut although the 
damage to the physical 
infrastructure could be re-
paired. the increasing 
lination of the groundwatcr 
·-- as a result of runoff in the 
desert .. could not be pre- 1 , 

vented. By 1956 when the 
salinity of the water had in-
creased to 7 000 mg ; I. 
Swnkopmund had to he 
linked to the only fresh-
water sources knov.;n in the 

TABLE 3: OrEN WATER SOURCES OF THE NAMIB COAST 

Name of source 

An.ichab 
Auru5 ........... .. ... ..... ... .. ..... . 
Saddle Hill ... .... ..... ..... ... ... . 
Spencer Bay .............. .. ..... . 
Naribis ............................. . 
Meoh Bay ........................ . 
Reutersbrunn ... ................ . 
Fischersbrunn ..... .. ........... . 
Conception Bay .... ... .... .. ... . 
Sandwich Harbour .. .... ..... . 
Sandfontein .... .................. . 
Gaiais Fountain ....... ....... . . 
Huab River Mouth rools .. 
Uxieb Fountain ... ... ......... . . 

fountain ...... .. 
Uniab River Pools .......... .. . 
Oasis Fountain ... ..... ......... . 

fountain ... .... . 
K humib River Pool .... ... .. .. 
Sechomih Ri"er Pool ... .. . .. 
Al:o fountain ...... .. .... ...... . 

Water qu:ality 
Tot•/ di.unl• ·td 

I) 

Knichab Pan'! 

Sossusvlei 
Sossusvlei 
Sossusvlei 
Tsondabvlei 
K River 
K uiseb River 
Ugab River 
Huab River 
K oichab R ivcr 

Uniah 
Ho:mih 
lluarusih Rivl"r 
K humib Ri \'l"r 

u 
Munutum Riwr 

_<, • 

- ( 

c , " 

I ROO- 8 100 
J8 500 

6 000- 10 000 
I JOO- 5R 400 

2 500 
5 550 
J 200 

2 900- J 400 
7 WO- 8 .100 
I 060 - I J 000 

2 500 
18 000 
20 000 
20 000 
4 50() 

I .1 700 
4 000 

(,5 000 
IOU 

.1 JOO 
15 000 

:1. 1 .f r" 

Yes 
No 
No 
Yes 
Ye!i 
No 
No 
Yes 
No 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
No 
Y CS 

No 
No 

11 



.. .. .. 
. 

\'icinity, those at Rooibank 
in the Kuiseb River, which 

supplied Walvis Bay. 
A ftcr the d iscoverv nl 

diamonds. a number of dia-
mond minc!'l had . been de-
veloped het'' '-'en Laderitt 
and Walvis Bay. The most 
noteworthy !'lcheme to pro-
vide fresh water for these 
mines was a 70 km pipeline 
from fischersbrunn near 
Mcob Bay to Charlc.,ltten-
feldcr, Hutsatia and Con-
ception. the latter about 120 
km south of Wal\·is Bav. 

The results of in-
vestigation!\ into the occur-
rence of open water along 
the coast between \\'ah·is 
Ray and l.(idcrit7 were ·re-
ported between IHK7 and 
196M bv scientists 
like D;s. F. Stapf ( IMHJ). 
H. l.ott ( 19051. P. Range 
(190K). E. Rcuning (19D) 
and H. Hellwig(I9M<). Fur-
thee rcseard1 on the quality 
of surfal'l' ":Iter has been 
done since then and some of 
the late!'lt information is 
reOected in ·1 a hie J whilt: 
Map 2 gi\es the locatinn of 
some uf the fountains. 

The end of the 1-'ir .. t 
\V(;e·ld \\'ar and the all(l-
catiun of (i"·rman South 
\Vest Alrku to the Union of 
South Africa"" a mandated 
territory stimulated rapid 
development at \\'ah•is Ba\'. 
After further 
into the groundwater rc:-
soutces of the 1\uiseb Rh er. 
the South 1\fril'an Raih\m·s 
and Hnrbuurs h\· 192J cm;,_ 
pleted a bulk \\.;Iter surply 
scheme tu prm idt! 80 000 m' 
of water per annum from 
two wells at Rnuibank. 
some 20 km cast oft he coast. 
\'ia 9-inrh (1JO mm) cast-
iron tu Walvis 
This \\iller scheme brought 
nenrly MO yl·ars of shipping 
fresh wutcr tu Walvis Ra\· tu 
an effc:l·ti,·c end. · 

1-'rnm 1927 nnwands dia-
nwnd prnspn·ting tu the 
north uf thl· Orange 
mouth ktl tu t den:lnp-
ment uf Orankmund. whac 
water from a ri' n 
running thrnul!h the :'\amib 
\\·as utilitl'd ,lnr firq 
t itlll'. l .:ll!!l'- .. l·ak industrial 
ahstral·tion nl .. for 
tl ianwtH.I !!r:l\ l'l 
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also place at the mine . 
Thl' next major develop-
ment in the which 
utili1c:d a pcrcnni:1l water 

""' on I\' realised in 
196K when the ·Rmh Pinah 
M inc (tine. sih er and lead) 
c:unc into operation. The 
Rnsh Pinah State \Vatl'r 
Scheme supplies water from 
the Orange by means 
of a inn protected 
by, a abstract ion 
t \\er. to :1 pur i fi cation 
works from where it is 
pumped \'ia a 20 km pipe-
line to the CtHlsumcrs at 
Rn.'h Pinah. 

:\Ita the Second World 
w, ... dc,clnpmcnt and the 
concurn:nt \\at er demand at 

1\a\· inntaStd suh-
The l'xisting 

watl'r soun:cs could not 
meet the demand and hy 
1950 t hl· "at er scheme w:1s 
taken mn from the Rail-

s hy the South wl'SI 
Afrira Administration in an 
attempt to intensify the 
sc:arl'h lnr ":11er and l''\-

peditl' thl· l'stablishmcnt ol 
an :Hil'411:lll' ":Iter sdll'nll' . 

Dul' to a l'(lntimunls in-
cn·a .. l' in "atn tkmand. :11 

both Wah Hay and S" a-
kopmund. additional "atcr 
had to he located and sup-
plied. lkt"ecn 19(l0 and 
1990 an e'\tl'nsi\l' 
tigation wa .. conducted to 
determine t hl· ground\\ <Hn 
potential of the Kuisch 
Ri\Cr and Omaruru 
Riwr. The gradual expan-
sion or the Rooibank a4ui-
fcr 192.'. the incor-
poration or the SwarthanJ... 
a qui re r in t h c I a tc si :x ties :t n d 
the dc\elopment or thl' 
Omaruru Delta in thl· 
middle scHntics. led to the 
establishment of the 
Namib Regional State Wa-
ter Scheme as it is kno\\ n 
today. Initially the Rooi-
bank and S" anb:-tnk :llpli-
fers in the Kuisch Ri\'er \\l'll' 

and pipl'linl'" 
constructed to supply" :11cr 
to Wah·is and S\\ aJ...np-
mund . the time Rll .. -
sing Uranium \1inc 11\.';lr 
s \\' a " n r Ill \Ill d c a nll' i " t tl 
operation in l'l76. the pipl' -
lim· from S\\arthanJ... tn 
SwaJ...opmund had hl'l'll ll'-

plal'ed and •upgradnl tn 
supply 4 t-.tm' a. "hik the 
grnttndwatl'r "tlllrl'l'' in 

the Omaruru River Delta · 
were incoqwrated hv cnrl -
s t ruct i ng a pipeline. fr o m 
ftenties Bay to Swakop-
mund to supply 11 Mrn' ' a. 
A pi p e I i ne was a Is o c n -· 
structed from Swakopmund 
to supply 14 Mm't a to 
Arandis and Ura- .· 
nium Mine (sec Map 3). 

WATER DEMAND 
SCENARIO 

A !though the water con -
I-\. sumption figures in 
Table 4 have been rounded 
off. it can he seen that the 
water consumption at major 
centres in the Central :"Jamih 
Region reached a peak of 
16,5H Mm' in 19RO. hut 
d roppcd to 12 .J6 M m' in 
1990. This can be attributed 
to the reduction in water 
demand at the Rdso,ing 
Uranium Mine, mainly due 
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 3.4 
percent per year, implying 
that a reduction in water 
demand can be achieved 
without affecting normnl . 
urban socio-economic de- · 
velopmcnt. However, when 
taking the availability of 
water resources into con -
sideration. the a\'cragr 
annual increase in water 
demand must he reduced . If 
conservation measures arc 
successful. it is estimated 
that the future water de -
mand in the Central Narnih 
Region will increase at not 
more than 2.5 percent per 
year to I K M m·' in the year 
2005. 

The high increase in water 
demand between 1985 and · 
1990 at L\ideritz is as a result 
of an increase in domestic 
consumption. the develop-
ment of a di:-tmond mine at 
Eli1.abcth Bay, a new fishing 
factory and a scnweed pro-
cessing factory . The annual 
potable water consumption 
at Eli1ahet h Hay. less than 
10 000 m'. is included in the 
total consumption at 1.\idc-
ritt . 

In 199(.) a new dianwnd 
mine which ohtaim dtlllll'S-
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tic and industrial water from 
the Orange River. was 
opened at 

6. MixiiiK of potable w;Her I 
with hrack ish water to d more bore holes m 

The annual consumption I 7. 
of sea water at the diamond 
mines at Oranjemund and 
Elizabeth Bay is 40 M m1 and I 8. 
20 Mml respectively. 

improve quality: 
of the re-

charge to the existing 
aquifers: 

the me aquifers, develop-
ing new aquifers or enhan-
cing aquifer recharge), the 
dc!ialination of sea w:\ter, 

/)('sa I i 11 a t i o 11 n f se a I the mixing of potable and 
water: and bracki!ih water to improve 

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 
(wolfr:em, tin and lead). 
Goantngah (tin). Sarusas 
(amethyst), Terrace Bay 
(diamonds) and Strathmore 
(tin). More mineral depo!iits 
may be mined in the Namih 
in future. but it i!i difficult to 
estimate this additional 
demand . 

FUTURE 
DEVELOrMENT 

9. /mporllltiotr of water I the quality of the brackish 
from the interior of the water to potable levels, and 
country. the importation of remotely 

. located water sources are 
All vested in the Department of 

to to Water Affairs in the Mini-
thetr nabthty. affordabtltty t f Agriculture · Water . 1. . 1 h s ry o • 
•n o capt!a. t e and Rural Development. 
deDrec and sonlusttcatton of .1.1 I) t f \V t e ,. . 1c cpartmen o a er 
the tel·hnology mvolved. A ff· . . . . . I d . " .1t rre!ienl um-ope rat 10 na an m'" ntc- . . . 1. . 1 duct1ng a nancc llllJ'IICUtiOns, t lC . . 

I 
0 r I elcctromal!netlc survey Into cvcntua unit cost o t 1c -: · 

· h d the potcnlwl of the ground-
water to_ t e consumer an water n: ... ources under lhe 
the en' 1ronmcntal conse- d 1 th 1· tl une sea to t 1e sou o 1e 

Kuiscb Ri\C.:r and in the qucnces . 

lt is cl\!ar that water con- Omaruru Delta with the 
sen·ation measures and the assistance nl the German 
reclamation of wa!ite water JO\ crnmcnt . rh is ad\ a need 
should he a functign of the technology . ''hich is non-
local autlwrities . V.'hile th · n\·asiH: and environmen-
rcc\clitH! of indu!itrial cl tallv fricndlv. ha!i been dc-
Oucnt o; th·: substitution of by the BGR (Bun-
saline "at er for potable "a- lt•JnnJtalt filr Gcmd.urn-
ter should where possible he Jclrajl rmti Rolr.Ho((c) in 
the responsibility of indus- The total area to 
try or mining be 6 400 bn: 
The expert for the scien- and the: ulst of the 
tifk inH·stigatinns and fca- R 1.5 million. The results ol 

into thl' this will tk-
,,f the ground- tcrminc.: if it is to 

.. 

extend the Central Narnih 
State Water Scheme any 
further to the south ol 
Kuiscb River in future. This 
work should he completed 
by the end of 199.1 

The Department is also 
constructing the Omdcl 
Dam. some .n km cast of 
Henties Bay on the Oma-
ruru River. to tloods 
long enough for the sedi-
mcnts to settle. prior to the 
water bcing decanted and 
led to spn·ading to 
enhance re-
charge. The dam wall will he 
an earth embankment float-
ing on the underlying allu-
vium instead of heing sited 
on the bedrock. The 
capacity of the dam will be 
40 Mm' anti the \\hok 
!icheme is 1 he I irst of ih kind 
in Southern Arrica . This 
project !ihould be comple-
ted by 1994 at a total esti-
mated cost or R42 million 
(see Figure 4 ). 

At the same: time the lk-
partml·nt i' preparing a 
Water Mastc.:r Plan ror the 
Central Region of Namibia. 
including the west coasl. 
with the of the 
(j c r 111 ;111 ( i u' c r n 111 e 11 t • 
through the GTZ (G('JC'//-
.H1ra/i .filr Tc•c·lrniulw 7.11-
.WIIIIIItctrarhc•it, and a .ioi 11 t 

can from ta-
L'\. hies 2 and 4. the esti-
mated future wutcr demand 
in the Central Namib Re-
gion at the coast will in-
crease tu :at least I H M m' a 
by the year 2005. while the 
sustainable yield . of the 
existing water resources is 
estimated at onl\·14 Mm' a. 
The rkture luois better for 
the other \\atcr-consuming 
centres in the 7\:tmib and at 
the Orange R i\Cr bec:mse TABLF. WATER CONSlii\IPTION A l TifF. WF.ST COAST 
the sustuinable \"ield of the I 1 

water resnun.:cs ·will be able : 
to meet the exrectcd w:ater 
demand. 

This means that the ex-
pel·ted wall' I" demand in the 
\\':this Ha\ • Hcnties IJa\· -
Arandis will .he 
much higher than the eara-
c it y n f t h c anti I a b I c re-
suurces to meet the demand. 
H owe\·er. there arc various 
w:tys of resolving this situa-
tion and the\· arc: 
I. ( 'mut•n·,;,;,, uf water 

reducing unit nmsump-
tion nnd w:tst:tgl·:· 

2. /?c•c·yding of water used 
in industrial and mining 
J" roeeSSl'S: 

J. U,•c ·/mlltltiotr of W:ltl'l" 

from ef-
fluent: 

4. S 11 h .\1 it 111; or t of sa I i m· 

Consumtr I 
Ctntral ,\'amib: 
Wah·is Ra\· ........... 

....... 
Mint ... .. .. 
............. .. . 

Htntits Hay ...... .... 
Others .................. 

Subtotal ............... 

.t;outhtrn Namib: 
Oran.kmund ..... .... 
l.udcrit1 .. .. ........... 
Ro!ih Pinah .......... 
Auchas ........ .. ....... 

1\'orthtrn 1\'amib: 
.... ....... .. .... .. ... . , 

f crrac.:c H11y .......... 

Subtotal .... ..... ..... . I 

,-., .. , ···················· I 

1975 I 
4 100 000 
I 500 000 
7 ()()() 000 

100 000 
40 ()(){) 
50 000 

12 790 000 I 

5 050 ()(}() 
·'50 ()()() 
xso ()()() 

.lNO O<HI I 
t. 6Jo ooo 1 

Watu consumption (cubic mttrcs, 

ICJRO I 1985 I 1990 I 200!i• 

I 00 000 ·' 600 ()(}() 4 lOO 000 5 00() 
2 000 000 1 20() 000 1 700 000 ·' ()()() 

Ill 4 00 {)()() 5 500 000 4 400 000 (, 400 0()() 
400 ()()() (,()() ()()() 700 {)()() I I 00 000 

MO 000 14() 000 260 000 40() 000 
I 00 000 150 000 200 ()()() J()() ()()() 

16 ORO 000 I 12 190 000 I 12 J60 000 I IR 000 000 

6 200 ()()() (l 400 ()()() ft I 00 000 X H 00 0 00 
J7() ()()() .NO 000 620 (){)() 900 ()()() 

I 070 ()()() I I 00 ()()() I J 00 000 I 9()(1 I)()() 
5 500 ()()() ()()() ()()() 

4641 000 I I 000 I .uw ooo I 700 ()()() 
5 ()(}() 5 ()()() 10 000 ()()() 

R 000 H .'96 000 010 onn 20 .no oon 

20 000 2h .no ooo JR .no ooo att•r hn pot ahk w:ttl·r: 
· thl· 1 O<'>otur<cs: 

I 'I .no ooo I z.t I ono 
•1 •lllll.th•J J!flnllh al l"<"f\"1"111 ;t ,,·;n ''''"' I<NII ,,, .. ' 

! 

' I 

;» 
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venture consultanty be-
tween German and Nami-
bian engineering eonsul-
tants. This study will include 
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. lt 
recently appointed COJ'.ISUI-
tants to investigate the pos-
sibilities for the desalination 
of sea water. 

The Namibian Depart-
ment of \Vater Affairs has 
a I ready investigated the 
feasibility of reverse osmosis 
desalination technology, by 
operating an experimental 
plant at Swakopmund be-
tween 1978 and 1980. but in 
view oft he 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, 
cially so in desalination pro-

which utilize mem-
brane technologies. The 
sea water abstracted from 
the Henguela Current is very 
rich in nutrients and· plank-
ton und these impurities 
tend to l'log 1 he reverse 
osmosis rncmhranes and 
must therefore he removed 
before the: dcsalination 
process is :lttc:rnpted. 

Although the: C!lltinwtcd 
cost nf dcsalinated watt·r is 
hctwccn 1{(, and R8t m' it 
might he: kss than 
t h l' i Ill p n 1'1 :t I i n 11 0 f \\'a ll'r 
frnm a watn snurc.:e lih· the: 
Ok:l\ an go R in.·r in the intc:-
h,"· nl lht• 

FIGlJRF. 4: OMOF.L DAM PROJECT 
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ENVIRONI\1ENTAL 
ASPECTS 

The perceived exploita-
tion and depletion of 

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

E"'·ironmental conside-
rations in aquifer manage-
ment hasically centre 
around the c.:onnict between 
the rcspecti\'e water needs of 
man and nature. M an is just 
as much a part of the en\·i-
ronment as the fauna and 
nora ex.isting in the finely 
balanced ecosystems in the 
linear oases provided by the 
ephemeral ri\'er systems 
running through the Namib . 
Desert. lt cannot be denied 
that any abstraction nf 
water from a groundwa,ter 
aquifer will lower the w:Hcr 
table. he it temporarily or 
permanently. and the effect 
of a rcdul·tilln in the water 
tahlc on the ,·egctation in the 
rin-r-hcd should thcrdorc: 
be.: drtc:rmim·d. 

lt isrkarthattheconllirts 
:111d imparts must be i(knt i-
fit·d to impkmcnt an arrcpt-
tthk ami appropri:Hc ma-

nagemcnt strategy. This 
might not lwve been done 
satisfactorily in the past. hut 
the Department of Water 
Affairs. with the develop-
ment of the Omdel Dam. 
took the . initiative to con-
duct the first environmen-
tal imract 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 en\'iron-
mental assessment studies 
when new water projects arc 
under in,·estigatinn for 
future de\'Ciopment in the 
Namib or anywhere else for 
that matter. 

CONCLliSION 

W ater resource dn·elnp-
mcnt in the Namib 

Desert has a long and dilli-
cult history. lt will :tlso 

prohlcmtttic and a 
major rhallenJ!c to thost· 
sric:nt ists and engineers who 
must ltll':ttc..·. provide :1nd 
nHlst•n c..· t hl' scarce watl'r 
fl'sOliiTl's in thr face olthl' 
innitahk drmands ol lu-
1 tilt' dn t•lnpmL'nt . 

' h l' d l'' l'l t l r 111 L' 111 n I " ; l'.J 

srht'lllt's in the..· Namih ha" 
t;1"-l'll pLirc..· altn Cllrlul 

research o'er cxtcndc 
reriods ol' time and will 
continued a" the need arise 
technology advances an 
funds arc made available. 
is clear 1 hat groundwate1 
are difficult to find and 
takes time to understand tl· 
niltural rrocesscs that cn1 
trol the sustainability < 
those sources . At the san· 
time all the impacts must t 
studied to facilitate cor 
servation by formulatin 
proper en' m: 
nagemcnt st ratcgies . 

lt thcrdorl' stands to re : 
that local. regional an 

national authorities. we 
as the: gcncr:tl puhfic . wi 
ha\'e to m a kc a combine 
effort to contain \\:llt: 
demand and to ensure 111 
most acceptable utili7:ttio 
of the :1\·ailahle water n 
sources in the..· N ami b. 

p;,., a d\'1'/ rngi11ccr 
iJ DircC'Ior: /rf\•e.HiKalion 
a11d Rr.H•nrch in 1hr Nnmi 
hin11 lkf'nrtmcnt If ·a/( ' 

Af(uirJ. 

Fotltnotc : Translations l' 

"Namib",·ary. Among then 
arc "shield" and 
plain",, with a connot:ll inr 
nl ariditv. Fditnr 
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