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P E R E N N I A L A N D r 0 N -. P E R E N N I A L R I V E R S 

1 IN SOUTH WESt AFRICA AND THEIR 

UTILIZATION FOR THE ECONOMY OF THE LAND 

By H. W. Stengel I qh2 ? 

(With 5 maps, 17 diagrams, 9 photographs by the writer, 9 by 
Dr. 0. Wipplinger, 2 by Prof. Dr. R. lehmann, 1 by H. G. Hotter 
Wld 1 by F. lempp. 'lhe article was for the first time printed 
in "Der Kreis", fifth year, Nr. 2/3, February/March, 1962.) 

Perennial and non-perennial rivers in general - The topography of 
South lest Africa with its natural drainage systems and the main rivers - The 
flow of non-perennial rivers and the system of observation at the water gauge 
stations - The utilization of river water - Development potential for large 
scale water conservation schemes in the future. 

PERENNIAL AND NON-PERENNIAL RIVERS IN GENERAL 

South West Africa belongs to the semi-arid zones. Its water courses only now 
periodically, and in times of poor rainfall it can happen that a •river• 
•comes down• for only a few miles, or its bed can even remain quite dry. ()lly 
the Orange River on the southern bomdary, the Ctmene on the northern bomdary, 
the Okavango with its tributary the Quito of similar size, the Kwando-Linyanti 
Wld the Zambesi, now perennially. Perennial rivers are those that now the 
whole through. Of the non-perennial rivers, !'low _regularly 

could be rivers• and l _i)(e tl1e Jluif?eb 
which flow ooly occasiooally can be called •perioc:l,ic 
The which southern boundary between South West and the 
Re-p1blic will not be dealt with in this article. 
While the seasonal and periodic rivers have well-developed dry beds with sWld 
and gravel banks, the Omiramba (singular: ()nuramba) are level meadow-like 
water courses with shallow valleys and poorly developed nood chWlllels. Vleys 
often fonn in them, with deep ponds or pools, in which water collects af'ter 
good rains and cWl stand for months until it percolates or evaporates. 'Dle 
vleys are important to the fanners fo.r grazing, and so are the pans which 
occur mostly l{ith limestone substrata in the Kalahari. Both vleys and pans, 
however, can only be used on a small scale locally for fanning. 
'lbe imdergrotmd water reserves of the country are limited. They can hardly 
withstand a greater strain, as consumption in the bigger centres has shown 
over the past decade. An exception is the water supply triangle Rooibank -
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Wal vis Bay - Swakopmmd. As most of' the tmdergrotmd water depends on the rain-
f'all and consequently on the volmne of' water in the rivers, the greatest 
possible attention should be paid to both perennial and non-perennial rivers 
as they f'onn the basis of' economic development, now and even more so in the 
future. 

THE IDPOGRAPHY OF SOUm WEST AFRICA WI'lll ITS NATURAL DRAINAGE SYSTEMS 
AND THE LARGER PERENNIAL AND NON-PERENNIAL RIVERS : 

South West Af'rica is geologically and geographically a part of' the sub-
continent of' Southem Af'rica.. Steep motmtain ranges and vast high plateaus 
f'ollow the narrow coastal belt. 'lbe interior f'onns part of' .the Kalahari, a 
great basin, also ringed by motmtains on the eastern sea-board, the Indian 
Ocean. 'lbere are many monntain ranges, some jutting sharply out of' the sea, 
sane rising in steps above precipitous cliffs as in the Drakensberg, and others 
with wide n.at coastal plains' opening below them as in Portuguese Mocambique. 
ID the west the Ctmene and the Orange have broken through the escarpment and 
in the east the Zmlbesi and the Limpopo. 
'lhe northwestern part of' this sub-continent is South West . Af'rica. Here steep 
massif's and high plateaus succeed the coastal plain of' the Nmnib Desert, up 
to 90 miles wide. To the north lies the polymorphous monntain region of' the 
Kaokoveld. In the interior are the massif's of' the Brandberg, Erongo, Water-
berg, Etjo, the Khomas Hochland the Auas MOtmtains with plateaus between. 
'Dle south is tableland w1 th the JllOlDltain masses of' the N8Ukluf't and the Gre&t 
and Little Karasberg. 'Dlese north-south trending mountain zones give place in 
the east to the decline to the Kalahari Basin. Ovamboland in South West Af'rica 
is a northwesterly extension of' the Kalahari. i 
'lhe structure o:f the land detennines the hydrography. Accordin$ to the direct-
ion of' discharge, f'ive drainage systems can be distinguished. These, with 
their principal rivers, are as f'ollows: 

1. Exoreic or direct drainage to the Atlantic Ocean 
2. 1\n-of'f' to the Orange 
3. Rtn-of'f' to the Kalahari 
4. Ehdoreic or inland drainage system of' the Okav811go 
5. Ehdoreic or inland drainage system of' the Etosha P811, 

and the two areic regims i.e. without surf'a.ce drainage, 
of' the Nmnib and the northem Karstveld. 

In the Ka.okoveld, the Hoanib, the Hoarusib, and other rivers discharge directly 
into the Atlantic. In the central coastal regim, the Ugab, Omaruru, the Swa.kop 
with its trirutary, the Khan, and the K:uiseb empty into the Atlantic. South of' 
the Kuiseb no rivers reach the sea. 'lhe Tsondab river, :for instance, :flowing 

from the Naukluft Motmtains torms a great vley, the Sossus Vley, and then 
into the shifting dtmes of the Nsnib. 

!lhe rivers 1n the Kaokoveld are also sand basins, often no longer visible. Sane 
pf these watercourses can only be recognized by the fringes! of trees 811d busheS 
almg the banks. 
The rivers of the central region, the Ugab, Omaruru, and Kuiseb are 
the most important. In spite of' comparatively low rainf'all on the 
slopes and the escarpment, they carry a relatively large volume of' water as 
they have deeply dissected the plateau edge and thus developed an average 
gradient 1: 100 to 1:200. The length of the rivers varies between :llO and 
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MAP OF DRAINAGE AREAS OF SOUm WEST AFRICA. Key: shifting dunesJ E::::J areic 
region of the Karstveld; (I) exoreic drainage to the Atlantic; (II) drainage to the 
Orange River; (III) nm-off to the south Kalahari and to the Orange River; (IV) north 
Kalahari, only occasional now in Omiramba; (V) OvambQland, endoreic drainage to the 
Etosha Pan; (VI) Olcavango, endoreic <_lrainage to the Swamps, lake Ngami, and the Malcari-
lcari Pan, at high fiOQd also to the Zambesi. Maszstab means "scale•. 

400 Jd.lanetres. Th.e highest mountain mass 1n this drainage area is the Brand-
berg, 2586 m., which is at the same time the highest mmm ta.1n in the territory. 
Th.e muntains arnmd .Ka.lkfeld, Otj iwarongo, Okahandj a, Windhoek and Rehobotil 
also belmg to this drainage system of which tile central part of the Khomas 
Hochland is up to 2,o48 m. Moltkeblick in the Auas MOWltains is 2,485 m. 
ihe Ugab rises southwest of Otavi and flows a few miles to the south and south-
east past Outjo. In the middle tract it has cut deeply into limestone terraces. 
It f'lows arOlDld the Bran<D:Jerg and then west and southwest to the Atlantic. It 
is 450 km. long and its catchnent basin, to tile sea, is about 15,450 sq. km. 
'.Ll1e Omururu River, 296 Ion. long, is the shortest of these four rivers. It 
rises in a valley basin of the Etj o, flows through ()naruru, rOlDld the Erongo 
Mmmtains and discharges, 1n a broad sandy bed, into the sea. 'lbe catclnent 
area, to the sea, is 14, 000 sq. Ion. 
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The Swakop with its 31,000 sq. kilometres catchment basin is considered the most 
important river of' this zone. Its catcbnent basin includes the f'ollowing towns: 
Windhoek, Okahandj a, Otj imbingwe, Karibib, Usalros and Swakopnnmd. It drains 
the western part of' the Auas Uotmtains, the JDOmtains of' Ovitoto and the north-
em part of the Khomas Hochland. Its confluent, the Khan, B, 570 sq. kilometres 
rises in the hilly country between Okahandj a and OmaMiru, f'lows along the 
southern slopes of' the Erongo and joins the Swalrop between Usalros and Swalrop-
Dmld. . 
'lhe headwater basin of' the Kuiseb consists of' the Khomas Hochland, the wild 
Hakos Mountains to the south, and the Gamsberg. The catchment area of' the 
Kuiseb up to Rooibank, 30 above Walvis Bay; is 16, 200 sq. kilometres, of 
which 5,200 sq.km. fall within the Ntunib. The river is 375 km. long and m its 
delta lies one o:f the most important settlements in South West Africa, the 
harbour and f'ishing port of' Walvis Bay. 'lhe lower reaches of' the Kuiseb are 
rmique: the broad sandy bed is densely overgrown w1 th riparian trees, on the 
north bank are the glittering white desert plains and on the south a desolate 
world of' shif'ting dmes extending to I.Jlderitz. · 
On the appended table of drainage areas, river l engths and gradients, 
great differences between these rivers are apparent. 
'lhe boundary river Cunene also empties directly into the Atlantic. l't drains 
an enor.mou<l area in southern Angola and its headwater basin is the plate8ll 
o:f Angola 1, 700 m. 1lle Benguela Railway runs along the watershed. From this · 
plate81l with its 8llllual rainfall of' 1, 500 nm. a whole network of perennial 
affluents feed the upper reaches of' the Ctmene. 'lhe nnst important tributary, 
the Ca.culova.r, flows perennially only in its upper reaches. Near to the water-
shed, the Serra Shell a, lies Sa da Bandeira, capital of the Huila province. 
'lhe conf'luence o:f the Crmene and the Caculovar is just below Forte 
'lhe most important eastern tributary is the Chi tanda, which however; also 
dries up in the winter months. The scenery on the Chitanda is unusually 
attractive: broad green meadows and f'orests flank the river bed even in the 
dry period. F1.ocks o:f herons inha.bi t the trees and the call of' the screech 
eagle sormds across the f'orest. It was even nnre beautif\J.l one early morning, 
when I saw it completely covered with f'rost which only disappeared after 
SliD rise. 
Below Naulila near Eriksson' s Drif't, the Ctmene f'onns a series of waterfalls 
of' which the last is the 1\Ja Cana Falls. From here to the Atlantic, tile mid.dlie 
tract o:f the river f'onns tile bormdary between South West Af!oica and Angol&. 
At the Falls the annual rainfall is about 400 nm. 
From the Rua Cana Falls, the Omene flows through rocky valleys, between well-
wooded banks where the palm- tree is very much in evidence. The Epupa Falls 
with a series of cataracts lies half'way to the sea. Here the water plrmges 
into a rocky chasm only a :few yards across and aboutj 40 metres deep. FUrther 
down, tile river winds in deep gorges tilrough the Baynes Mormtains and reaches 
open land again at its conn.uence with tile dry Marten River, 90 km. f"ran the 
Atlantic. At the tum of' the century a railway line had been planned from the 
South West Af'rican side, would cross the Cunene near its conf'luence 
with the Marien River and go on to Tiger Bay in Angola (Map survey by Dr.Hartr-
mann and TOnessen 1899 - 1904). 
Between the Marien River and the sea, high sand drmes tower over the south 
bank of' the Cunene, while the Portuguese side consists of bare granite rocks 
and banks. During low. flow the sea blilds sandbanks in the mouth of the 
but these are washed out again at high flow. 
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'lhe ea tchmen t area of' the Ctmene, up to the Rua Cana Falls is fTI, 800 sq. km. and 
f'rcm the Falls to the sea 30, 800 sq. kilometres. 'nle to tal length is 1, 000 km. 

. Direct run-of'f' to the Orange River in the south is f'rom the Fish River with 
'-ts two large 'tributaries the Konkiep and the I.Owen. 'lbe Fish River tJrus only 
contributes indirectly to the Atlantic. 

f'rom the northern rivers of' South West Af'rica and the Orange River 
itself', the basin of' the Fish River is the most important in the land f'rom 
the point· of' view of' water conservation. It extends over :four degrees of' 
lati rude and is more than 650 Jan. long. Its catclunent area occupies the whole 
central part of' the southem territory and this, together with the cont"luents 
Konkiep and I..Owen, up to the Orange River is an are a o :f 90, 000 sq. kilan. or 
more than one tenth of' the area of' the whole territory. If' the Namib, Kaoko-
veld, Ovamboland and the Okavango Basin are excluded as peripheral regions, 
then the Fish River Basin is even one eighth of' the total area of' South West 
Af'rica. The Fish River rises south of' Rehoboth, and west of' the :foothills 
of' the Naukluf't. All the a:ft"luents of' the east and north Black Rand, among 
them the Hudup, Huams and Leber Rivers, drain into the Fish River and more 
than half' of' the Rehoboth Gebiet is drained by the Kam or the Schlip to the 
Fish River. 'lbe Heinarichab River comes from the l'bite Rand in the east. 
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The two most important tributaries are, however, the Konkiep and the 
The Konkiep has a catchnent area of' 18, :x>O sq. km. and the I.Owen of 8,600 • 
kilometres. The LOwen River drains the Great Karas Mountains and -. t.. 
Its conf'luence with the F1sh River is south of' The Konkiep dra t 
the western part of the Black Rand and on it lie Bethanie and Konkiep. Xi 
Mariental, Gibeon, and Seeheim are on the F1sh Keetmanshoop is on t 
40 km. f'rom the I..Owen River. 
The vast basin of' the F1sh River is an erosion valley which originated du!-IJ'!I!I 
the last pluvial period. The river mostly flows shallow over rocky 
of'ten f'orming deep pools which retain water even in the dry season. Ow1n• Lt 
its rocky substrata which causes only shallow sand filling and 
the river bed and its surr01.md1ngs have little gr01.md water. The only IJPt" 
which can be used f'or agriculture is at Orab above Gibeon. For 
river bed is f'ringed with trees and bushes. In many places it winds th 
tableland of sandstone and shale into which it has cut deeply. At t.he ..,..._ , 
canyon of the F1sh River west of Holoog, the river has bitten into the 
substrata and fonned a mighty canyon 400 -700 metres deep and of 
able length. Below the canyon are the hot springs at Ai-ais. 
Some of the rivers rising in the motm.tainous heart of the land- • 
Rehoboth - Seeis - f'low southeast towards the Kalahari. Originally they ._.,. 
tributaries of' the Orange River, but in the dry period following tJM Phwt "'• 
their beds becmne so silted up that to-day, even in the heaviest rainy ..... -.. 
they no longer reach the Orange. In 1934, f'or instance, the nooda of' t. 
Nossob Rivers, together with these of the Molopo reached only to 
where between the sand dlmes they fonned a lake which percolated and 
in a short time. · 

I 

The rivers belonging to this drainage system in South West Al?ica ... 
Black Nossob and. the White NOJsob, which are known, after their • 
the Nossob. They both rise east of Windhoek. Gobabis lies on the Black 
Wi tvlei on the White Nossob and I..eonardville on the tm.i ted Noeeoh. ..,,..... 
border the Nos sob disappears in the sand dtmes, with the lfolopo .net ''ll'iliat:a'!;,.I'V-• 

Rivers. 11le Seeis River rising on the northern slopes of the AuM *'-'C.. · 
and the Bismarck Motmtains, reaches the Elephant River in good rain ,.......... 
The Elephant, Schaf and Usib Rivers rise on the southern slope. or u. .._ 
Motm.tains. The Schaf and the Usib are already obstructed by at wn 
ness. The Schaf' n.ows in to the Usib and not far from the U.. rt 
disappears in the sand. The Elephant flows into the Auob which jotna. U. 
outside the border •. The upper valley of the Auob is an artesian bMtn. 
All the rivers flowing towards the Kalahari carry water only 1n u.t r 
courses and even 1n tm.usually heavy rain years their nooda ne¥eP 
Orange and therefore also not the Atlantic. The gradients and l.,.U. 
rivers may be seen pn the appended tables and longitudinal ..eUona. 
The Etosha Pan, with the Cuvelai, must be regarded as an 
system. 'nle Cuvelai rises in spurs of the plate8ll of .Angola ...s on t t. 
the Etosha Pan receives several other tributaries. It la a •IMCIPMI rt . 
spite of its headwater basin 1n the Serra Ehcoco having an .... 1 
1,000 nm 01 the border between South Af'rica tt ,__ • 
ly ramifyirig delta-like network of water courses, the ...,•t•t 
South West ·Af'rica it is once again confined to a the 
empties intO the Etosha Pan. The delta region takes up a ,_.. •f' 
land on both sides of the botmdary line. In good ra.in ,..,.- U. 
the upper Cuvelai and the oshana system is so co•u•1derabl• thu 
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lmown as the E:ftmdj a covers the whole area. 'lhe main tributaries of' the Cuvelai 
are the CaOndo which comes f'rom the northeast and also rises in the Serra 
Encoco, and the Mui-Mui which nms parallel to the Cuvelai over a long stretch. 

4 . 
Th• Oshana Etaka: rises in South West Af'rica and joins the Cuvelai system in 
Lake Oussouk. 
Contrary to the old idea, which still appears now and again even to-day, the 
Qmene does not now into Ovamboland, even 1n n.ood. time. 
Up to a line Ondangua-Okatana-Qshikuku the catchment area of' the Cuvelai is 
37,200 sq.kilometres and its length up to this line is about 500 km. The delta 
area of' the Cuvelai, Ovamboland, is the most densely populated agricultural 
area 1n South West A.f'rica.. 
'lhe river system of' the Okavango is an enclosed endoreic basin the waters of' 
which, only at high n.ood, f'low down the bed of' the Malewegana-Linyanti and 
reach the Zambesi which empties into the Indian Ocean. 
'lhe largest •water course• rtmning from South West Mrica to the Okavango is 
the Onllramba Omatako which rises in the ()natako Mmmtains as well as east of' 
the Etjo. It is joined by the Great Waterberg coming from the Water-
berg. At Kano Vley, even in exceptionally good rain years the Omuramba Omatako 
seeps away. From Karakuwisa to its confluence with the Okavango, however, its 
bed is once more well def'ined, but it contributes nothing to the well-watered 
Okavango. The two other eastward flowing Omiramba., the Epukiro and the Eisib, 

' also lose themselves in the Kalahari. 
The Okavango, like the Cunene, also rises in the plateau of' Angola directly 
south of' the Benguela Railway line. Up to the border of' South West Africa it 
f'lows through a well-def'ined, thickly forested valley, on the terraces of' 
which the natives have laid out their fields. From Katuitui onwards, the 
middle tract of' the river f'orms the border between South West Af'rica and 

Kunene bt3 £rilcrsons 0rJft. ... 8'l800 km.:; 
Kunene bis .4tlilntilr ... ..... .. .... ./la 600 
Olrmmgo bis Sumpfe ....... .. ...... ..1 51,000 
Kwanda bis ...... .... ... .t 1/Z,OOO 
Ouv.;ngo bis ..... ... !! ... '"M,OOO 
Fischr/ .. i tr. .. ........... . . ... ...... ... . 91.000 
Swillcop..... .. .. ... .... . ...... ...... 31,000 
Kv.iseb.... . . . . . . .. ... . . . ... . . ... .. .. .. 16 ZOO 
2x Nott.siJIJ. . ... ..... . ........... ... /6,000 
Omarvru. ... ........... .. ................ .14,050 
Ug-b ..... ... .............. ...... ... .. .. ..15.500 
116rtsp<ionm - Fi'sch . ...... ... ..IZ 700 
AMuteGafii/TI - ... . ...... 8,800 
Sw•lwpdnvn- .. ...... .. 2, 700 :S.CW . t .\V. NOSSO 
Cv.-elli .. . ................ .... .... J? 2W OM\AlUR.U 

.. hJ3 . .. £./o.scha .. . 8?800 
Avisd811m. .. . . ....... . . .. .... ...... 
0oN8f7!Phtlo.mm... . ....... _ ..... JJO • SWAK.OPPAMM 

GOil.EAHGAB. 

... ,...,, ,. ._._ ___ ,. 

I<.UNE.NE ( 6JS ATLAHTIK), 

KWANDO f a ts C4Pl 1Vt). 

KUNE N E ERtKISOt<S DltFT 
UHD CUVE L AI (ll.IS ETOSCHA) 

----oKAVANGO\&JS K.t.TUI-TUI} 

C.UVELAI 

.. SWAJ(OP (&IS ATLANTII()" 

UGAih f. UISEB 

ll -1--

! KW A ND O 
( &IS S A A'\&ESI) 

D·1ooo km.2 

AVIS-b.A-. t ir.U.OAP ORANJl) 
NAUTE t. 

EINZUGSGEBIETE IN IHRER GROSSEN-
ORONUNG. 

Opvanggebiede van die vemaamste riviere in verhouding tot hul groottes - River catchment 
areas in order of' magnitude. 
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Angola. FOr only a few miles, ridges border the river, then it widens out to 
the Papa Falls and from there on branches delta-like to the swamps. The river 
border with Angola is about 40U Idiom. long. A ntmlber of rapids interrupt 
the n.ow of the river, which here a gradient of 1:3,000. The rmst important 
of these rapids are the 6 m. ; high Popa Falls below Andara where for about 
55 ldlom. both river b811ks are 1n South West territory. 'Drl.s is the beg1Im1ng of 
the Caprivi Strip which extends 300 kilom. east towards the world-famous 
Victoria Falls on the Zambesi. \ 
The tributary Qui to is of the same size as the Okavango. The upper Okavango 
region is about sq. kil<lll. to which must be added the catchment area 
of the Qui to 73,000 sq. kilom. making the whole catchnent area of the Okav811go 
up to the swamps sq. kilanetres. 
'lbe basin of the Kwando is of the smne extent. This river also rises 1n Angola, 
flows through the middle of the Capri vi Strip, and iup to . the Zambesi forms 
the border between the Caprivi Strip and There it is lmown as 
the Linyanti. 
'lbe Zambesi flows next to the border of South West Africa for over 160 kilom. 
and has a nruch greater catchment area 811d water :flow than either the Okav811go 
or the Ctmene. 'lbe large marsh and n.ood area of the eastern Caprivi Strip, - l 
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LONGITUDINAL AND CROSS SECTIONS IN SOUTH WEST AFRICA 
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Translations. Lef't: Mean annual rainf'all in nn; heights in metres. Right, f'rom top to 
bottom: Cross section of' the northern bmmdary f'rom west to east; cross section through 
the cE:ntral region f'rom west to east; cross sectim through the south f'rom west to east; 
longi.Wdin&l section t'r011 north to south. 
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enclosed by the Kwando-Linyant1 and the Zambesi, is sparsely populated and 
backward. 
The two areic regions of South West Arrica are the coastal strip of the Namib, 
particularly south of the Kuiseb, and the Karstveld of Outjo, Otavi, Tsumeb 
and Grootfontein. 
The Karstveld is formed of limestone and of the Otavi formation, and 
surface limestone layers. Rivers are non-existent, though there are some open 
lakes such as Otj ikoto and Ouinas. Because of the low rainfall the Karstveld 
is not as deeply eroded as similar regions in southeastem Ellrope. In a number 
of crevices ground water is found but the water table falls towards the Kala-
hari. In this area the rain seeps into the ground and there are a number of 
springs of which the strongest is the one at Otavi with a yield of 40 litres 
per second. The fan palms on the G':ootfontein plain indicate that there is 
grotmd water quite near the surface. 
Within the scope of this article it is iinpossible to go into the morphology 
of the various river basins in detail. Only the general trends and the most 
important points can be dealt with. The zoning of South West Arrica used here 
concurs with that of Professor Dr.J.H.Schultze-Jena, to a large extent. The 
map of Professor F.JKger •obern.aechen- tmd Grundwasser in Deutsch-Suedwest-
afrika• (•Surface and underground water in German South West Africa•) was 
also referred to. 

THE FLOW OF THE NON-PERENNIAL RIVERS AND THE OBSERVATION SYSTEM 
AT THE WATER GAUGE STATIONS , 

The flow of the perennial and non-perennial rivers depends on the altitude 
and geologic'al formation of the river basins concern.ed and most especially 
on climatic factors, of which the amount of rainfall, its duration and intens-
ity are the most important. 
The steady increase in rainfall from west to east and from south to north 
can clearly be seen from the appended diagrams of cross sections and from 
the curve of average rainfall drawn above and also frcrn the rain chart which 
was recently completed by the Windhoek Weather D.Ire811 and based on all exist-
ing measurements and observations. For our purpose, the rainfall as such is 
not of nruch interest, but the nm-off which c811Ses the seasonal n.ow of our 
rivers is. In South West, ' 1,o0o mm. of annual rainfall are needed to produce 
perennial rivers. The heaclwater basins of the Cunene, Okavango and Kwando 
on the plate811 of Angola, 1, 700 m. • have an armual rainfall of over 1, 111TJ. 

The streams there, are consequently perennial, but in dry months the voltmle 
of water in the rivers may be considerably red.uced. It is estimated that the 
Ctmene carries 6, 000 cbn/ s in exceptionally high floods, and only a few cl:Jn./ s 
at l.KlUSUally low now. 
When the periodic rivers carry water for only a short period they are said 
to •come down•. The •come down• may be limited to a few miles depending on 
the magnitude of the catchnent area receiving rain. A very heavy rain period 
is needed to put a periodic river in spate f'rom source 'to sea. The ccrne down 
of the rivers is uncertain owing to the irregulaJtity of, the rain periods and 
8Dl0lmts of precipitation. The quantity of water coming down cannot be deduced 
from an isolated shower, bec811Se not only the d.uration of precipitation and · 
1 ts intensity but also the type of plant cover and the topography are detennin-
ing factors. I 
'lhe surest method of registering tbe vol"lli1K! of water in a river is by a system 
of observation stations mea8uring the duration and height of the •come dom•. 

I I I 
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Different instrmtents are used f'rom the simple lath gauge, to n.oat gauge and 
air pressure gauge. The credit t'or this goes to Dr. Otto Wipplinger, Director 
of' Water Affairs Br81lch of the South West Afric811 Mninistration, who started 
the hydrological service in 1940. This service has recently been enlarged 
and will be s tlll further developed 1n the future. 
Mr.Erich Zelle, who ran the Windhoek Weather Station between the two World 
Wars, began already in 1931 with automatic rain recorders 81ld measurements at 
the Dam on the Fann Nubuamis near Windhoek.. These rain ,gauges are still used 
today to record intensity and duration of rainfall. 
Without accurate int'ormation on the volume of' water carried by the rivers, 
greater projects for the economic developnent of' the country c8llllot be pl8lllled, 
executed or worked. 
Every river, perennial, seasonal or periodic, has its own regimen, and a thor-
ough knowledge of this is required to make the best use of the waters. This 
entails observations of the volume of discharge over several years and it is 
also essential to know the loss of water through evaporation, percolation - or 
any other loss of water - 1n canals and fUrrows and the quantity that would 
be needed for future projects in agriculture and industry. Evaporation and 
rate of silting in dams are very important !'actors in the planning of great 
water schemes. 
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Tables of' the f'low of' some South West seasonal and periodic rivers, and the 
corresponding graphs, are appended to this article. The Fish River is ex-
ceptional with its great vohne of' water and its almost yearly •ccme down•. It 
has also the greatest nm-of'f' per scpare mile of its ·catclnent area. 
A fPecial deparhnent f'or hydrographic research is being f'onned within the 
Water Affairs Branch of' the ABninistration. !bring the rainy season a continu-
ous service nrust be maintained at the gauging stations, and the long distances 
to the outlying stations necessitates an extensive organization. Some of the 
stations are massive constructions with weirs, but those in remote and isolated 
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Dfi.an Viljoen Dam (1958), 19. Van Rhijn DBJ11 (1952), al. Neuda.m (1957), 21. Oma.tj enne 
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piaces are usually selected so as not to require any building work. At the 
beginning, lath and float gauges were used and are stlll in use to some extent 
to-day a.l though e.ir pressure gauges are now favoured because they are simpler 
to install. The height of the constantly changing : water level above the crown 
of the weir or river-bed is recorded, according to the type of gauge, by 
means of a pen, on a reduced scale and then transferred onto a drum which is 
tumed by a clock which I"WlS for 35 days. '!be figures for height and duration 
of flood are recorded on a. paper strip on the roll. Before the volume of dis-
charge can be determined the velocity of the stre8111 must be measured with the 
Woltmanri-F1.uegel apparatus, at different water levels and also at different 
positions on weir croWn or. river bed. 
Naturally it takes years to obtain the key curve of a non-perennial river 
i.e. the curve from which a particular discharge can be read at different 
heights of the water level. These observations are made not only on rivers 

also at dams. Every inflow increases the volume of water in a dam and 
from a capacity curve. or table the amotmt of water can be estimated. At dams 
subject to silting or bogging the capacity curve must be adjusted fran time 
to time to allow for this. · 
On the map of the river systems and the stations the positions of 
the stations are marked. To estimate the flow of a seasonal or periodic river 
it is essential to have gauges in upper, middle and lower tracts of the river, 
so as to include water which only flows in certain sections. 

· 'lbe Hydrographic Service of the Water Affairs Branch to-day has 26 gauging 
stations, some looked after by municipalities and farmers. The results are 
sent directly to the Water Affairs Branch or made lmown on request. With 

REMARKS: x) Erection of Goreangab Dam; xx) . no observations; xxx) no accurate 
figures as the river dug itself a new bed; it 'ca•e down' , however, during all 
three years - 1958/59 low, 1959/60 low, 1960/61 very low. 
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tlUN-OFF VOUJMES, PER SQ. KM. , OF SIX OF THE LARGER RIVERS 

Rivers Arrmal volumes !\m-off area Annual nm-off 
Gauging Stations 1n mill. of cub. m. in sq. km. per sq. km. period 

Okavango 
1946/ 56 

18• 
near RLmtu 4800.00 74,000 65,000 

Ill 

Fish River "' near Kranzpla tz 292.00 13,815 21,200 1942/60 12 

., . lit 
Omaruru River 

194a/60 
E e 

near Omaruru oo.oo 3,000 16,600 

Ganunams R1 ver 
near Cworeangab 1.48 1ro 10, fi(X) 1942/60 

Swakop River 
near Okahand.J a 13.3) 2,700 4,900 194&/60 

Schaf River 
near Hatsarnas 2.01 1,oro 1,940 1947/ 60 

pie 
RUN-OFF IN MILL. OF CUBIC METRES beg 

to-
Period Oka- Fish Omaruru Swakop G8ll1Tlams Ri.ver Schaf Khan to 

van go lli ver River near near I II Ill River of 
Oka- Swa- mec 

handj a kopmmd tur 
of 1941/42 000 Chf 1942/43 135 2,ro 2,65 3,05 WoJ 194W44 480 144,00 4,55 4,60 5,90 J>OE 

1944/45 1 0,15 0,09 0,09 0,09 Nai 
194&/46 3128 163 70,00 13,4 2,00 3,:x> 4,35 i.f 
1946/ 47 6780 162 106,40 31,0 2,85 4,40 5,90 hej 
1947/ 48 3372 370 1,20 9,1 2,75 4,35 9,20 3, 31 bJi 
1948/ 49 3113 320 100,00 29,1 3,:x> 6,90 14,20 3,85 tr( 
1949/ 00 4161 1070 33),00 21,0 4,:x> 8,90 14,10 6,20 sul 
1950/51 31 0,70 1,9 0,14 to 0,14 0,34 o,oo 
1951/52 39:x> 274 0,40 3, 7 0,29 0,49 1,21 o, 17 On 
1952/53 4749 161 32,90 21,5 0,52 0,83 1,58 0,63 o,o t11f 

it 1953/54 8058 362 10,14 19,2 o,o 3,05 4,40 8,05 5,93 o,o so 1954/55 2286 97 4,72 1,8 o,o 0,24 0,08 0,20 o,oo o,o 'Ill• 1955/56 5176 600 2,00 17,1 o,o 1,45 3,12 3,13 5,53 o,o st 
1956/57 147 2,70 2,8 o,o 0,51 0,53 0,99 0,43 o,o se 
1957/58 100 11,70 11,2 o,o 1,38 2,20 3,00 xx) o,o 
1958/59 30 3,02 6,2 xxx) x) 0,30 o, 40 0,63 0,.0 
1959/60 82 19,70 1,9 xxx) 0,01 0,02 0,40 o,o' RE' 
1960/61 8,00 xxx) o,ro 1,90 !1-i 

th l 
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neigpbouring rivers, where only one is gauged, the volume of flow of the 
second river may, in certain circumstances, be estimated. The rivers of the 
north merit special attention because of their great annual flow of water, in 
comparison with the periodic rivers of the interior. , 
Observations over many years are available for the lb.mtu gauge. The figures 
given below show the height readings at the gauge, the key curve for the 
water level, and the water volume curve, which is calculated from the first 
two. 'lbe average armual discharge of the Okil.vango up to Rim tu is 4, BOO mi.llion 
cubic metres and to Andara about 10,000 mil.lion cubic metres. 
The flow of the Kwando-Linyanti is about the same as the Okavangb but up till 
now it has not been possible to erect gauges on ijlis remote river. 
The Cunene is being gauged by South West Africa at the Rua Cana The 
Portuguese have measured its flow in the upper tract since the building of 
the dam at Matalla. ,'lbe estimated annual flow is about 5,000 cbn. Its monthly 
flow in wet and dry years has repeatedly been observed and estimated, by 
Kanthak, Ma.chtldo - a Portuguese - and Hudson Spence. After careful consider-
ation, the following monthly volumes can be reckoned on (Dr.Wipplinger: 
Southern Angola). The table is for the estimated flow at Eriksson's :Dr i ft: 

Estimated Flow in Millions of Cubic Metres 

Month Nonnal Year Very dry Year 

October 40 18 
November 70 00 
December 180 00 
January 400 300 
February 700 600 
March 900 600 
April liDO 500 
May 900 210 
June 400 106 
July 160 32 
August 80 26 
September 00 is 
According to a border treaty, half the volume of the river is at the disposal 
of South West Africa. An agreement between the territories concemed ' On the 
utilization of the river water is absolutely necessary if all border states 
are to obtain their water rights. South West Af'rica, Angola, Bechuanal{Uld and 
both Rhodesias are concerned in theee northern' rivers. The Zambesi has · an an-
nual discharge of 37, 5qO cbn. The Ellropean states of Gennany, France, Swi tier-
land and Austria show an exemplary international collaboratim regarding water 
conservation on the Rhine, the Moselle and the Danube. 

THE UTILIZATIOO OF NON-PERENNIAL RIVER WATER 

All underground water supplies in South West Af'rica are more or less dependent 
on the rainfall. 'lbe mOst important reserves have, in many cases, 
from the flowing or the rivers and can be improved by the building or d8.M. 
Only a few water · reserves, however, have sufN.cient water to 

1

supply 
large towns as well as industry and agriculture. These are mainly the artesian 
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'n jaarlikse waterhoeveelheid van :rr, mo miljoen kub.m. 'n Voorbeeld ven Inter-
nasionale samewerldng ten opsigte van die ekonOIBiese benutting van gemeens-
kaplike riviere toon die Ellropese state Dui tsland., Fl!ankryk, Swi tserland en 
Oostenryk met betrekking tot die lltein-, Yosel- en die lbtau-rivier. 

R:l.ver end Size of 1\m-
Gauging Sta- off Area 
tion ·sq. Jan. sq. miles 

Flsh River 
Hardap 12,700 4,900 
Gibem 13,815 5,300 
Necka.rtal 41,615 16,060 
Oranje 62,780 24,228 

Konkiep 
Bethanie 3,900 1,ti05 
Confluence 
with Fish River 18,:Jl0 7,000 

I..Owen River 
N8Ute 8,600 3,300 
Confluence 
with Fish River 9,846 3,780 

Swart Nossob 
Gobabis 6,550 2,528 
Confluence w;l th . 
Wli te Nos sob 8,640 3,334: 

Wit Nossob 
Kaukurus 4,670 1,800 
Confluence with 
Black Nossob 7,52:7 2,905 

Seeis River 
Neud.armt 156 00 
See is 645 251 
Confluence with 
Elephant R1 ver 3,049 1,177 

River 
Hatsamas 1,03) 'J¥7 
Dordabis 1,370 535 
Confluence 
with Usib 3,900 1,5tn 

Omramba Omatalro 
Olsema 2,500 961 
Os ire 4,:B> 1,646 
Kano-Vlei 19,990 7,688 

400 

length of Run-off Area 
River 

Jan. miles 

I 

1'70 106 Orange River 
245 153 
487 :Jl5 
735 460 

124 77,5 Orange 
River 

298 186 

Z7 17 Orange R1 ver 

180 112,5 

175 134 Kalahari 

:Jl2 188 

roo 125 Kalahari 

Z73 170 

17 10 Kalahari 
64 40 

125 78 

58 36 Kalahari 
42 

185 116 

96 00 Okavango 
129 80 
400 2H1 

Remarks 

I 

( 

on-
flow 
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River and Size of' Rlm- Length of' 1\m-off Area Remarks 
Gauging_ Station off Area River 

• jsq. km.' -sq. miles km. miles 
' Kimene 

Eriksson's Drif't 87, fl)() 32,900 500 343 Atlantic 
·Youth 128,000 44,8)0 960 600 

Cuvelai 
Oka tana-Oshikuku 37,::n> 14,100 500 3u; Etosha Pan 
EtoSha Pan 62,000 24,170 600 375 \ 

Okavango ! 

Katnitni (Nor- Including 
them botndary) 74,000 28,461 356 222 - Okavango Kwi to nm-of'f 
'Below Andara area 
(South. botndary) 152,000 58,461 73) 4m 

Kwando 
North. botmdary Indian 
of Caprivi Strip 112,238 43,168 700 485 ' Ocean 

Ugab 15,400 5,942 400 28) - Atlantic 

Omaruru R1 ver 
Omruro 1,700 675 58 36 ' ltlantic 
.<Anaruru 2,940 1,135 85 53 
Okombahe 7,365 2,843 142 88 
Mouth 14,000 5,425 296 185 

Swakop 
Okahandj a Dam Site 2,700 1,000 85 53 Atlantic 
'fugab 8,181 3,146 140 81 
Lievenberg 11,600 4,496 174 107 
Khan Mouth 21,970 8,480 340 212 
Mouth 31,000 12,000 38) 2!17 

Khan 8,570 3,308 280 17(') Atlantic I 

Kuiseb 
Begin of 
Namib Desert 11,000 4, 2:l) 178 111 Atlantic 
Rooibank 16,3>0 6,2:l> 375 240 



areas Auob and the latter only recently developed. The artesian 
districts are subject to strict government and boreholes may be snnk 
only with the permission the Water Affairs Branch. 
In the north, the Karstveld, with Tsumeb, Otavi, and Outj o, has 

water the fUture. In Otavi there is a strong natural · 
spring. 
There are many examples boreholes deteriorating or even drying up with 
only temporary usage, and this indicates how important it is to develop the 
rivers big enterprise and towns. The di ties which towns in South West 
Af't-ica have experienced in recent years with their water supplies, clearly show 
the need such a development. 
The towns Windhoek, Keetma.nshoop, Karasburg, Otj iwarongo, and Gobabis 
could no longer augment their water supplies with local borings ·and were 

to build dams, which in turn and replenish the underground water 
reserves. How important it is to build dams can be seen example f'rom the 
economic development Keetmanshoop: 
In the German times an artesian borehole supplied the growing settlement 
adequately, but as the town grew additional borings could no longer meet its 
needs and there was not enough water the railways. The problem was .solved 
by building the Van Rhyn Dam on the Aub River, and the dam was 
it a munber boreholes by percolation. With the further expansion 
Keetmanshoop the water consumption has increased so much that a supply rrom 
the LOwen River is plarmed the near future. 
The privately owned Voigtsgnmd Dam is ooe the oldest in the c01mtry, one 
those with the largest capacity: 6.8 million cbm, with which originally 
260 hectares could be irrigated. Even if the dam did not suffice :for the whole 
area, year in and year out, irrigation had not to be given up completely, but 
merely suspended, at the most for one year nntil the Tsub River again brought 
down sufficient water. 
The largest dam in South West is the Hardap Dam near Mariental, which is at 
the same time one of the biggest dam constructions in southern Africa. It is 
modern in desig11 and serves more than one purpose: 
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1. 1be lrrigatJon·.of 2, 500 hectares of land, divided into 140 holdings of 
16 - 20 hec tare&• 

a. Water supply. for Mari ep tal and for t.Re Railways. 
a. For fiood protection. By means of sluice gates on the spillway, the volwne 

or water coming down can always be regulated so as to leave sut'ficient room 
in the dam basin to intercept a wave of high water and break it. 

•· Power production for installations on the dam itself, and for the farms. 
tJ. Bathing, rowing, sailing, and fishing for trippers and holidaymakers. 
lbe dam is nearly N.nished and may be brought into operation, in stages, as 
.oon as the N.rst section of the canal system at present tmder construction, 
.... ready for irrigation. 
the proposed Swakop Dam, which supply mainly drinking water to Windhoek 
Mid Okahandj a, will, however, at the same time increase the ground water for 
the agricultural settlements and gardens at Osona further downstream. The 
lflndhoek _water supply shows the same tendencies as that of Keetmanshoop. In 
•undhoek in the twenties and thirties ,the springs overflowed thEt streets while 
c..o-day boreholes must be stmk to a depth of 2(X) m. to be successt\.11 and the wa-
Ler table is constantly falling. In the following table twelve dams are shown; 
&ll except Voigtsgn.md Dam supply water to towns and villages with hospitals 

industry, a.s well as to the outlying agricul rural colleges. 
lbe advantage to farming, of the smaller periodic rivers for dams of all 
types and sizes, is incalculable. Numerous dams have been built with great 
auccess. In the earliest stages of tEuropean colonization, the building of 

was already of the utmost impor t ance for the development of fanning. The 
nrst dams were built in the 1890's 1n the south of the land, only a few years 
&tter the Gennans had occupied it. 
Without the dams on the periodic rivers, large areas ln South .West, notably 
1n tile central regions, would be completely unworkable. To-day new methods 
are being tried for a systematic development of water supplies on the farms. 
1be precious supply of water is much too exposed to losses by evaporation in 
the large shallow open dams, the dam capacity is steadily reduced by rapid 
all ting, and the basin acquires a Ulick layer of silt through which no more 
Ater can pass to the tmdergrolild reserves. 
fMnd dams are fonned by the systematic construction of dams in stages on sand-
bearing rivers. The filling up of the basin with masses of forms a 
penmanent grotmd water feeder which is always replenished when the river comes 
Jown. The water supply can also be maintained and economically distributed 
1.11 . .aans of deeply excavated dsns and ptnp storage plants which reduce evapor-
ation and, if properly constructed, prevent stoppage and silting almost 
.nUrely. 
lbe well defined water systems of the land, allow still further developnent of 
o ter supplies for fanning, towns and industry in the future. 

!J£VELOPWENT POSSIBILITIES. FOR LARGE SCAlE WATER CONSERVATION IN THE FU'IURE 

fbe bilities for further large water conserva. tion schemes are liml ted 
tn South West Africa. The observations and measurements of the water in pe-
r iodic rivers will of decisive importance for furore planning. lhe develop-
480 t of water supplies on the fanns poses new problems which open up a limit-
l.eas field to the water engineer. 
l)lans must be made for the further development of the periodic river basins 
&Dd the extent to which they can be and the costs involved must be 
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REVIEW OF EXISTING DAMS 

Name and 
year of 

cons true ticn 

Voigtsgnmd-
dam, 1914 

Avis Dam 
1933 

Omatjenne Dam 
1933 

Otji tasu 

Van Rhijn 
Dam 1951/52 

Bondels Dam 
1959/ 60 

Daan Vilj oen 
Dam 1900/ 57 

Goreangab Dam 
1958/ 59 

Neudam 1956/ 57 

H arda.p Dam 
1960/ 62 

proposed 
Swakop Dam 

Okatana 
1956/57 

I 

I 

I 

I 

I 

Town or 
district 

Gibecn I 

Windhoek 

Govt. fann near 
0 tj i warongo 

0 tj 1 warongo 

Keetmanshoop 

Karasburg 

Gobabis 

Windhoek I 

Govt. fann and I 
Agricultural 
College 

Mariental 

Okahandj a, 
Windhoek 

Ovamlx>land 

I 

it! ver l C a tchmen t I C8paci ty 
area in i n b 

q. kilometers mi ll. cbnl me 

«WJ' 

(sq. miles) 

Tsub I 3:l> (124) I 6,8 

I L 

Avis 104 (40) I 3, 5 I 

Otjitasu 1,:n'l (500) I 7,2 

Otjitasu rot} (78) 0,38 &.' Mr& 

Aub 312 (liD) 2,6 • Jl llllll:l1t 

Tributar: 265 (102) I 1, 3 
ofthe Horns 

Black 5, 2oo<2000> I 0,345 I 
Nossob 

Ganmans I 135 (52) I 4 , 7 I 

Seeis I 100 (61) I 0,37 

Fish Rivtr 13,600(5312) 1252,0 
I .; dt l 

Swakop 2, 700 ( 1055) 

Cuvelai 37' 2J)() (14531) 3, 25 



REVIEW OF EXISTING DAMS 

Capacity ·>Depl Type of Use Remarks 
in in CJ911S tructim 

mill. cbn mete1 
l rs 

1) 6,8 9,( earth dam irrigatim Fish R1 ver basin 

)) 3, 5 16, ( earth dam town supply Swa.kop head water 
basin 

)) 7,2 6, ( earth dlln irrigation; for- Ugab head water ba-
matim of gJ'O\Bld sin 
water ! 

n 0,38 6, ( earth dam town supply; for- Ugab head water ba-
matim of gromtd sin 
water I 

>) 2,6 9,< earth dam town supply; for- Fish R1 ver basin 
matim of' 
water 

Orange arrtuEil t 
I 

1, 3 4, : earth dam with town supply; for- I 
concrete spill- mltim of grolild I 

i way w ter I 
I 

X>) 0,345 8,P:..crete (S) town supply; for- only catChment a.rea.l [ S ; Gravity Dam I 
ma.tim of grmmd above Gobabis I Bo = Arch Dam 
water I 

1 
l2) 4,7 18, :f.alcrete (S) town water supply southern part of' I 

upper Swakop I 
I 

il) 8, (twice earth and irrigation, for- I o, :fl . I cmcrete (Bo) ma.tion of' grolDld-
water I 

I 

I 
12) 252,0 35, ts tone 811d gravel irrigation, I 

with bitunen eo- supply, fiood i 
ver; cmcrete protection holi- I 
spillway (S) day resort I 

.)5} oo,o 33, 1s tone and gravel 
I 

.town supply I 
w1 th bi tunen eo- ground water re- I 
ver; concrete serves i 
spillway (S) I 

J31) 3,25 10, cearth dam hospital supply; Fed by a. canal fr(:m 

I 
irrigation the delta of the 

Cuvela.i-extensian 
Wlder constructioo 
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examined. In a few years when the regimens of these rivers have been es tab 
it will be easier to assess their potential! ties. 

A series of sills could be made, for instance, in the Omaruru River and in 
the Black and White Nossob, and serve the growing of fodder particularly as 
good alluvial soil is available along the river banks. The stretch of the 
Omaruru River between Onruro, 40 kilom. above Onaruru, and Okambahe, 65 kilom. 
below, was considered for this purpose. Sills of reinforced concrete, or steel 
sheet piling walls could be constructed here at intervals determined by the 
gradient and aggradation of the river bed. Above the ,part to be wilt up there 
should be a retaining basin for flood protection for regulating the dis-
charge and for keeping this stretch of the river bed clear of large masses 
of silt. By regulating the discharge, the dammed water flows slowly through 
controlled outlets into the sandy river bed and saturates it. In this way 
losses by evaporation are greatly reduced. These methods are so adaptable 
that they can be applied to river courses of all sizes. 
A dam project for Bethanie on the Konkiep, which was already suggested during 
the German times in South West, by the well-lmown geologist Dr.P. Range, will 
be carefUlly investigated and replanned. 
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DIFFERENCES IN WATER lEVEL AT THE AVIS DAK 1933-19ti8. FUss - feet, Aufschlickung-
sedimenta.tion. 0 - water supplied to Windhoekt o - mused water left in dam or dam dry, 

t - dam overflow in action. Observaticn period - 301 months, water used - 110 months 
(36. &la), water not used - 167 ll1Cil ths (56. 2%), dam dry - 22 months ( 7. 3%) • 

Following surveys by the Administration, it is now planned to connect the 
Neckertal Dam by means of a canal, with the proposed dam on the t3wen River 
Naute because from the two dams together 8,(X)() - 10,(X)() hectares of alluvial 
land on the banks of the LOwen River can' be irrigated, on the Farms Naute 
and Gawachab. These two farms are therefore still to-day the property of the 
Adninistration and are not given out to fanners. 
The northern border rivers offer great possibilities for the economic develop-
ment of South West Africa. On the lower course of the Cunene River where it 
A beginning has now been made with the development of the Fish River Basin 
by the building of the Hardap Dam near Mariental. In the German times, four 
sites for dams were marked in this river basin and in 1913 the Gennan Reichstag 
set aside money for a thorough geological, hydrographical and pedological 
research and survey of the whole of the Fish River Basin. 
It is often wrongly said that the first dam, in Komatsas, had already been 
approved then. What was actually approved was the thorough planning which the 
authorities realized had to be done first. The four big projects suggested 
were: Komatsas, Kokerboom-Naute, Horns, and the Naute in the I.Owen River, a 
tributary of the Fish River. Investigations, surveys, and estimates were made 
for Koolatsas but no plans for inmediate building.' 'lhree dam sites have now been 
selected in accordance with the better knowledge of geological and 
ical condi tiros today: (a) the already canpleted dam at Hardap, 5 miles below 
Koma.tsas; (b) 50 m. high dam in the Berseba Reserve adjoining the Farm Neckar-
tal and known as the Necka.rtal Dam Project; (c) the lmg-known dam site in the 
Naute of the Loewen 'River, which was visited by Dr. Rehbock in 1896 and by Alex-
ander Kuhn in 1902 and more than once examined during the German times. 
forms the border between South West Africa and Angola, hydro-electric plants 
and pumping stations for the irrigatim of several thousands of acres of fann-
land in Ovamboland could be constructed. The Okavango and the Caprivi Strip 
Rivers, Kwando and Zambesi, are especially suitable for irrigation purposes. 
According t o preliminary :lTivestigations three major dams could be constructed 
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between the Rua Cana·Falls or the Cunene and the sea ror the generating or 
hydro-electric power, thus leaving the natural beauty of the Rua Cana Falls 
untouched. The first darn site is 47 km. below at the 6 m. Chdorusu Falls where 
a wall 50 m. high would form a 2, 700 million cubic metres dam extendlng back 
to the Rua Cana Falls. The following figures show how this project compares 
with South Africa's biggest dam, the Vaal Dam, and with the Kariba Dam in 
Rhodesia, and sane of the dams in Germany: 

F..dertal Dam 202 million cbn 
Bleiloch Dam (Saale) 215 million cbn 
Hardap Dam 200 million cbn c001pleted 
Okavango Dam at Mbambi East 2,100 million cbn proposed 
Vaa.l-Hartz Dam 2,360 million cbn c001pleted 
Clmene Dam at Ondorusu 2,700 million cbn proposed 
Bodensee (Lake Cons tance) 50,000 million cbn 
Kariba Dam 156,000 million cbm completed 

The damning of the river at Ondorusu would allow, even in dry seasons, a dis-
charge of roughly 50 cbm/ s below the dam, and a constant power of 25,000 HP 
could be developed here. 
'lbe second hydro-electric power station could be built Epupa Falls which 
have a total height of 140 m. This plant could possibly develop peak power 
with the help of pump storage, and its capacity would be twice that of the 
Ondorusu Dam. 
The third proposed site is at the end of the Baynes Mountains, a few miles 
above the confluence of the dry M.arien R1 ver. Re re the proposed wall would be 
200 m. high and the capacity 11,000 million cbm, double that of the Epupa 
Dam. If these hydro-electric power stations were to convert only 50 cbro/s into 
power they would produce a total of about 200,000 HP or 100,000 kWh, and as 
the enormous storage basin of the Marien River Darn will regulate the flow to 
a greater volume per second, the power production would in all probability be 
even higher. 
'lbere are possibilities for irrigation on the Marien River plains. Water could 
be led to sui table land by a tmmel through the Baynes Mmmtains. 
The combined Cunene power stations would be able to supply the whole north 
of the land with electric power up to a line Walvis Bay - Windhoek - Gobab:i.s. 
Besides the towns, the .mines and the fisheries, the whole railway line could 
be electrified. 
'lbe southern part of the country could similarly be supplied with current from 
the proposed Orange River 
The table below shows a comparison of annual output, between existing and 
proposed power stations. 

Bleiloch Dam (Saale) 
Tauern Power Stations 
Cunene Power Stations 
Orange Power Stations 
Kariba Power Station 

40 million kWh 
830 million kWh 

1, :l)O million kWh 
2, 350 million k\\h 
8,180 million kWh 

proposed 
proposed 

On the400 kllom.stretch where it forms the border, the Okavango offers the 
possibility of intensively irrigating 50,000- 60,000 hectares of land. A 
bigger dam would only be possible in its middle tract, 15 - 20 kilom. below 
Katuitui, where the border of jOvamboland touches the river. Near Mbambi East, 
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, the. Okavango winds between hills which consist in part of' solid rock like the 
·reef's iq the river bed itself'. In the lower tract, above Kuringkuru, it me-
anders in big loops and' bends which have caused practically everywhere a broad 
alluvial terrace on the one or other side. The river narrows again in the 
Caprivi Strip and more massive rock formations appear in the surrounding 
country and in the river bed itself'. 
'lhe Mbmnbi East Dam, 35 me tres ihigh and with a capacity of' 2, 100 million cbm. 
should store sut't'icient w.1.ter t'or the irrigation of' the above mentioned river 
terraces. 'lhe inhabitants of' the river bank are now cultivating some large but 
limited areas and their agriculture is based on rainfall alone • • \n experimental 
irrigation plant is near.ing completion, and is intended to serve as a model 
t'or more extensive irrigat.im projects. 
In the central regions of' South West, mainly around Otjiwarongo, t'Urther 
devel<nnent is almost impossible bec81JSe of' the shortage of' water. An aqueduct 

Mbambi East would improve the position, and the increase in population 
and economic activity warrants such advance pl8JD'ling. 
A second Okavango Dam would be possible near Mucusso in the Caprivi Strip in 
a part where both river banks are in South West and where there are some 
sui table sites fur building. 
Af'ter the conn.uence of' the Qui to, the volume of' the river is doubled and 
the Popa Falls could be developed t'or the production of' hydro-electric power 
and the electrit'ication of' a connexion to this agricultural region. 
'lhe harvest t'rom the upper river basin could be transported in 
barges and transferred to the landing place and railhead which could be erected 
at Andara. The Portuguese use the Oka.vango t'or river traffic, rut navigation is 
hampered by the many rapids at low t'low. Once the river is danuned it can be 
used as an inland waterway. 
The Okavango Basin, together with the eastern Caprivi Strip could become an 
enormous granary. This would mean a turning point in the development, not 
only of' South West Africa, but also of' Angola and Bechuana.land, provided these 
territories are prepared to collaborate. 
In the eastern Capriyi Strip more than a hundred thousand acres of' land could 
be opened up t'or irrigation, by building a dam on the Kwando and regulating 
the di&l(_harge, by canalizing the Linyanti and draining the swamps, and further, 
by building dykes with control inlets t'or the Zambesi fioods, 1and by a suitable 
canal system. For these projects, observations over many years are necessary. 
A start has been made on a small scale but the problem is an urgent one and 
needs to be tackled inmediately. 
Although the northern rivers appear tg enjoy a surplus of' water it must be 
borne in mind that the area improved by the Okavango, t'or instance, only ex-
tends about a mile on either side of' the river after which it gives place to 
an entirely waterless region with vast dry forests and lrush savannah. 
South West At'rica is a dry land and water as a raw material is more precious 
than gold or any other ore. It llllst therefore be carefUlly conserved and dis-
tributed where it is needed now and in the t'Uture, only then can it t'onn a 
sound basis t'or the future developnent of' the colDltry. 
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