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Some Natural and Man-Made Changes | e
in the Channels of the Okavango Delta oy

by Bruan H. WIL.SON-“"

The Okavango delta shows some surprising contrasts of stability and change. In this article
I shall look at some of these contrasts and at some of the changes that have occurred, both
in nature and as a result of man's activities. My list is far from compiete, and I have excluded
those important peripherals, Lake Ngami and the Bolteti river, partly because their changes are
the results of changes upstream and partly because they are already moderately well chronic-
led.* 2341 The Magv.2gyana (Selinda Spillway), the Kwando, Mababe Depression and the
Savuli, and the latter’s recent rejuvenation are worthy of a separate study (as are the works
of WENELA), and are not here further ot nsidered. Current works by Anglo American Corporation
are also beyond the scope of this article. Nor am 1 here concerned with surveys, however impor-
tant, except where they h+ . direct bearing on channel changes. I have generally altered place
names to their modemn spellings. But historical measurements have not usuaily been changed
to the metric system. , '

Figure 1 shows the main channels of the delta using a simplified nomenclature. Let us look
first at the largest channels, the Okavango and its continuation, the Nggokha. Sitting in a boat
one is impressed by the exuberance of the waving papyrus (dominant north of about lat. 19° 30N
towering over the water's edge and of its rhizomes boldly cantilevered out into the stream.
Surely, it seems, such growth is imesistible. But the river, steadily dissipating some 150 horse
power every kilometre in these upper reaches is still a match for the vegetation. These two,
river and papyrus, have, after all, been living and struggling together for thousands of annual
cycles and it is not so surprising that they have come to a balance. Their detailed relationships
of depth, velocity, soil, dver bed and siltation, of temperature, chemistry and related species,
we do not understand. Biological research by the Ministry of Agricuiture and by Anglo American
Corporation have recently begun and a review of papyrus research is in progress at Makerere,

We have air photographs of much of the delta going back to 1937 and it is clear that many
of the important channels have changed since then neither in alignment, nor width nor in exact
geometric shape. The curious and rather unstable looking meander near Seronga shown in fig.
2 is an example. It has' not altered in thirty-five years. This stability is typical of 260 out of
the 270 kilometres of the main Okavango/Nggokha channel between Mohembo and Letetemetso
Island, alias Hanamozeyo (see fig. 1).

But note also the wide channel in fig. 3 which is something of a backwater with no open
inlet, and it surely carries much less flow than it must have done when it was originally formed.
Why, one wonders, has it not closed up or grown over, even though the flow regime has changed?

In fig. 5 one sees evidence of many changes in channel configuration that have taken place
in past ages. To figure out the sequence of the changes and to put a time scale to them would
be a difficult but fascinating study. For the present we simply note that these changes appear
to be considerably remote in time.

So far I have been discussing only the upper channels of the delta, but five days in a boat
between Shakawe and Maun impresses upon one that the water flows through many different
types of channel which must be separately considered. I list them as follows:

*Brian H. Wilson, C. Eng. is Senior Hydrological Engincer in the Department of Watsr Affairs, Gaborone, After
greduating at Cambridge in 1950 he wanted 10 come 1o Botswana (then Bechuanaland), but was told ‘vacanci?s in
those terrilories seldom arise’, He went instead to Zambia (then Northern Rhodesia) and later Kenya as an engineer
and, at one time, a missionary.
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Meanders on the main stream near Seronga
have not changed in 35 years,

; SCALE ( both photos)

|

I km

which

Fig. 3 ( left)

An unusually wide and straight channel emerges
Sfrom a series of Madiba and then becomes suddenfy
constricied. In spite of these sharp contrasts. the
boundaries between open water and vegetation have
remained exacily the same for 35 years.

From Boro inflow area about latitude 19,
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e but the balance of change appears 10 be slightly in favour of the river as against the vegetation
(b) Middie Channels are separated from the upper channels which feed them either by *fillers’

(see below), by blockages of by ‘restricted take offs'. They Vary very considerably in width

and flow from almost ZEro upwards. One of the largest, the Moanachira is undoubtedly now

M‘ 2 ‘middle channel' byt It has the dimensjong and shape of ag upper channe! which in former
E ages M appears (o have beep, Middle channels are part of the perennia Swamps, characterised

quite small (0,2 metres). They are [ess
» Seeming less confident i their ability o dominate the vegelation,
Yet cut-offs (short cuts) Sometimes occur,

(c} Outlet Channels Carry water away from the perennially flooded area. They are the most

» In both time apd Space. They have
other vigorous submerged and emergent
changes upstream, and they also have
mainly but not entirely here that the
rivers, and has the effect of Strangling

their own problems of rapid vegetational growth, is

fig (Ficus verruculosa) abounds, Particularly in the eastern
the channels,

or floating debrig from passing through, pyt have |

Such that water cap pass through in Quantity with liule Jogs of h
importance,

() Blockages will pe described in detaj] later,

.. {g) A Restricted Take-Of s shown, typically, in fig. 4 where the Thaoge leads off the
Nggokha, A minor channel here jeaves the main channe] g a sharp angle, such that it draws
f floating debris. Restricted take-offs are of j

i {
lagoons’, are ox ormed as relics of ancient river channels

g not seem to Play a very important part in channe} development of
) in'the Boro inflow area, in conjunction with ‘filters’, ¢ Loc

The general stability of the upper channel
in that areq, jt being important to note that

and theijr development, They, with the WENELA short-cut op the b
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“Restricted Take-Off*

Thaoge { left ) taking aff fram the Okavango (flo
down the puge)
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Fig. 5 Jumble of Ancienr Channels
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lo Seronga, are the only ones in the last forty years or 5o in 270 km of Okavango/Nggokha
upper channel. But what of their effect? Suppose we are interested in maximising the outlet
flow at Maun, are we not to welcome anything which wili shorten the route? By no means,
A short cut represents an imbalance; a local surge of energy chuming up the river bed and
breaking away chunks of papyrus which are carried off downstream. There is, in fact, a continual
generation of papyrus debris in the upper channels, and it cannot all be attributed to short-cuts.
Sit beside the river at Sepopa for half an hour and waich the pieces floating past; single dead
stalks flat on the surface, living stalks standing up with a fraction of a square metre of floating
sudd, more rarely a couple of square metres or the branch of a tree. Over a year this must
amount to several hundred tons (dry weight). It will take a long time to rot or sink but, down
the middle of the river it will only take two and a half days to get from Sepopa to Letetemetso.

The delta is inherently a set of river channels which divide and get narrower and narrower
away from the source. It follows that somewhere and sometime the dimensions of the floating
debris will approach the width (or perhaps depth) of the river channels and will get stuck.
Once a large piece is held, smaller picces will pile in behind it. Though it may break away
again and be swept a litle downstream, eventual blockage is inevitable. And it must be
cumulalive, though it can be modified by break-throughs and short-cuts. Fig. 7 shows a typical
papyrus blockage,

In principle, therefore, blockages are inevitable and we do not need to postulate earthquakes,
climatic changes or the intervention of man to account for them. But why they start to occur
at particular places may be influenced by such things.

Over the last twenty years the most active blockage has been on the Nggokha below Letetemetso
Island. Fig. 8 shows its progress in the last thirty-five years, accurately documented by the
air photos of 1937, 1951 and 1969. Opposite Letetemetso there is a small channel through
to the Moanachira river, which is the site of the presently active blockages. This channel carries
a relatively small proportion of the Nggokha's outflow and a relatively small proportion of the
Moanachira’s inflow, the balance being a transfer through the ‘filter’ which exists between these
two rivers. But the channel is important for navigation. Crocodile hunters formerly and hydrolog-
ists latterly have struggled to get their boats through it. But though a Eang may clear the
Letetemetso channel effectively in a week or so, it inevitably gets plugged again quite soon,
At each partial clearance, by man or nature, some debris is passed downstream and is steadily
blocking up the Bokoro lediba shown n fig. 8. Some also passes on to Xherega lediba (alias
Dobe) where, in this case, it caiches on the shallow bottom.

Papyrus blockages normally form first on the surface of a channel whose depth is often 3
to 5 metres. At first there may be considerable and rapid flow beneath the surface, but as
the blockage gets longer, colonised by more vegetation and perhaps silted up a bit, the sub-surface

. flow is reduced, sometimes to nil. Brind® also describes a special type of blockage which may

begin at a time of low waler if a previously floating mat of papyrus becomes directly fixed
to the stream bed. This type of blockage appears to be confined to the Thaoge,

Left to nature the Nggokha blockage will go on spreading upstream, having first closed the
Letetemetso channel, The Moanachira, Khwai, Borokha, Santantadibe system (that is the rivers
east of Chief's Island) may not necessarily suffer drastically as there is a large ‘filter’ area,
To navigation this would be tiresome, though altemnative channels could be opened across the
filter areqa. _

‘The Nggokha blockage probably began about fifty years ago. One may speculate what happened
to the debris before that time. Was it caught further downstream or was it, perhaps, mostly,
in those days, deposited in the Thaoge?

" 'The other main blockage of historical time which has worried far more people, is that or;
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the Thaoge. Lake Ngami in the 19th century received its major flow from that source. In August
1854 Andersson® ascended the river from the lake by boat for thirteen days at five miles a day
and found never less than five foot depth of water. Livingstone” gives a second-hand report
of the river seasonally running to the Lake with great rapidity: ‘large trees are frequently brought

down and even springbucks and other antelopes have been seen whirling round and round in
the middle of the stream as it hurried on their carcases (o the Lake'. This seems to represent

a sudden surge, perhaps occasioned by breakthrough upstream. Such behaviour is quite untypical
of the flow of any other Okavango outlet channel today. Moreover a floating tree would surely
catch and start a blockage before long.

According to Stigand’s excellent map (obtainable from the Department of Surveys and Lands)®
the Thaoge began to dry up about 1883 and ceased to run into the lake about 1884 ... (a
second-hand report® tells of the Thaoge reaching the lake in 1907 but this may contain some
confusion). .

There is also a story, or fabie, that about 1860 Chief Moremi built a dam a few miles nodh
west of Lake Ngami to prevent water getting into the lake where ‘marauding Bechuanas ..,
henchmen of Arab slave traders’ and, later, unwelcome Boers had based themselves. The dam.
it is said, within a few years finally and effectively sealed the channel.!® The story, as related,
contains historical inconsistencies suggesting, possibly, a dual origin,

Nowadays, in good flood years, such as 1968 the Thaoge just reaches to Makukung about

16 km in a straight line from the iake. Climatic change has been ruled out as the cause of
the alteration.!!

Blockages on the Thaoge have been in four general areas: the upper plug of 43 km which
is effectively by-passed, the main papyrus plug of 155 km, the former papyrus blockages cleared
mainly by Drotsky, as described later and the ‘outlet channel’, being the last 60 km to Tsau -

which formerly was blocked by aguatic vegelation other than papyrus, as well as by man-made
obstructions such as fences and earth banks.

The ancient channel at the site of the upper plug, judging by its shape, must have camied
a large quantity of water exceeding the Nggokha, There is a tradition'? with, of course, an
asgociated fable that the Nggokha was formed about a hundred and forty years ago, This would
be consistent with the blocking up of the upper Thaoge.

Brind'® plots the progress of the upper, active, limit of the main papyrus biockage from
1944 to 1951 (10 km) and from 195] to 1952 (4% km). Surprisingly, however, the blockage
did not progress any further upstream. Read, FAO Hydrologist, in 1969 found that the position
of the limit of the blockage was exactly the same as it was in 1951, and the additional 1952

- blockage, which must therefore have been a short plug, was no longer there. How can this

be explained? Present stability is perhaps due to the ‘restricted takc—qff’ (see above) where the
Thaoge takes off from the Nggokha, and by the comparatively low flows in this section of

" the river which do not generate much papyrus debris. But why was it not stable before '1951?

Was papyrus, perhaps, still breaking away from the lower end of the upper blockage? What
caused the change? Could it have been related to the intense seismic activity of 19527 It couid
have been, but one would like to be able to detail the chain of cause and effect,

In their formation neither the Nggokha nor the Thaoge blockages were the unaided work
of nature. Tlou® has referred to the ‘significant technological break-through' of the introduction
of the papyrus raft invented by the baYei. But for the rivers, this ‘break-through’ has been
more than ratched by its powers of ‘blocking up’. The papyrus raft, huzhenje or lekawa is

.2 hippo-proof and delightful method (as I can testify) of travelling down river with a load,

at very small expense., Mr Rambwe of Seronga made one for me in 1969 and, with a mokoro,
?@:hich is desirable as a tender, piloted a party of six from Shakawe to Sepopa, at the speed




Fig. 7 (b)Y Papyrus debris continues to collect against the initial plug. Later the mat wiil be colonised by fiving
papyrus and other vegeiation, Navigation ber

ontes excessively difficult, the flow of warer Is slowly stranglec,
and in tine the river dies. )

Photo: P.A. Smirk
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of the current, of 2 10 3% km/h. It was a small fekawa, 2,8 m by 2,7 m and at the end
of the 100 km journey we were finally able by very great effort to manoceuvre it and tie it
up in a backwater where it could do no harm. But traditionally makawa seem to have been
just abandoned, it being very difficull to dao anything else, In 1937 Naus'® writes to the Resident
Commissioner: ‘T know that it is not possible to forbid the natives using these rafts to transport
their grain, as the hippos would smash up dugouts but ... it might be possible to get the Acting
Chicf to request (them) to pull the rafts out of the river after ... their journey'. It was probably
the development of road transport rather than exortation which caused makawa to decline and
Brind'® in 1953 writes: *... this form of travel seems to have died out for some time'. Mr
Peter Smith, however, found an abandoned fekawa caught in the Letetemetso channel in 1972,

At the beginning of this century, or earlier, the bad effects of abandoned makawa were noticed
by travellers. Streitwolf'7 cited by Passarge'® quoted by Stigand'® speaks of blockages on the
Thaoge being caused by such abandoned rafts: “little floating islands 15 to 17 ft diameler by
some 5% ft deep ... blocking the entrance of the effluent channel in the papyrus bank bounding
the Okavango®. Ellenberger® gives full details of many such blockages on the Nggokha. As
I have shown, once a blockage is initiated, by whatever means, it will usually tend to grow.

There may well have been periodic attempts to clear blockages of immediate local concern
before 1930 but I have not found record of them. There is however record of a diversion about
1919 by Headman Keatametse at Nxabexau, a dozen miles north of Nokaneng, who brought
water for 20 000 cattle to a tsetse free area.?'

Until 1922 when Stigand prepared his map® and his paper'® the hydrography of the interior
of the delta must be regarded as pre-history though, by contrast, there are several descriptions
of the Thaoge and the weslemn margins of the deita in the last century,

The first recorded attempts by Government to change the course of nature appear to be in
1931 when Mr V. Ellenberger (then Assistart Resident Magistrate, Ngamiland) was sent up
from Maun to Mohembo by river to report on the ‘possibility of opening up, by the removal
of obstructions, of a2 well defined channef . .. navigable by motor driven craft ..." from Mohembo

to the Rakops railway station which, it was then hoped, would soon exist as part of the Livingstone
to Walvis Bay rallway then being surveyed,

Ellenberger's trip took five weeks, going up the Boro (September 1931), on to Mohembo
and returning via the Nggokha and Santantadibe. In a second trip of four days he studied the
Gomoti. His 56 page report2® includes a detailed route map, based on Stigand but with important
details added. ‘The Santantadibe River' he writes ‘will probably dry up within the next two
or three months. This has never happened before and affords a striking illustration of the gravity
of the position.' But apart from the hippos (ficrcer, it scems, than they are today) the main
navigational worry was the Nggokha blockage. Its upstream limit at that time was twenty four
kilometres downstream of its present position at the Moanachira take-off (compare also Sgt.
Davies’ report of 19332 indicating the blockage to have then begun thirteen kilometres below
the Moanachira take-off.) A typical entry from Ellenberger's log book while in the Nggokha
blockage is ‘river 15 yards wide, 12 ft deep, totally blocked by papyrus rafts’. Later, less typically
26.9.31 8 p.m. All thoroughly exhausted. Have no alternative but to spend the night in the
boats, Mosquitoes bad. 10.15 p.m. Eclipse of the Moon!" The eclipse prevented further efforts
lo get through, as hoped, by moonlight.

It took him two and a half days to force his way through or round these blockages before
he regained the Nggokha river at the downstream end. But he did get through. Nowadays this
would be impossible; too thick at the upstream end and too dry in the middle. Is it just a

" mechanical vegetational blockage, or has there been seismic uplift (or subsidence)? Apainst the”
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uplift theory it must be said that Letetemetso Island at the top end of the blockage is (in 1972)
deeper in the water than formerly, evidenced by many drowned palm trees. '

In 1931 in the depth of the economic depression it was not easy 1o get money for maintenance
or development, but to Colonel Charles Rey, the Resident Commissioner, the clearance of Ngami-
land waterways was of great importance. Work started in in April 1932 with Mr Scott Norwebb
in charge and paid 10 shillings a day. He started work on the Thaoge upstream of Tsau removing
bush fences and sand bars in the river bed. Labour was at first voluntary and there was a
good turn-out, averaging 55 men. But the work seems to have been successful and the Resident
Magistrate agreed that: “the arrival of the water at Tsau should be suitably commemorated and
Sgt. Smith was authorised to buy two beasts at 25 shillings each so that the labourers might
have a feast’ (a query from the Financial Secretary was feared!).® '

In August of the same year Mr Martinus A. Drotsky, then living at Makukung, was engaged
at £10 a month to open up blockages on the Nggokha river and he decided to use papyrus
cafts to float his labourers down to the site. Work was held up by a serious epidemic of influenza
in which many people died. The blockage nevertheless seems to have been effectively cleared
for a time. Sergeant Davies** making a report on Drotsky's work was agreeably surprised at
the amount completed but says, obliquely: ‘the work would have been satisfactory in every
way had a wider channel been cut’. One ray guess that the narrow channel soon blocked again,
just as it does in the Letetemetso channel today.

On the Gomoti river, which was then the most important contributor. to the Thamalakane,
Headman Motseakhumo was appointed to clear the channel, especially by culting segowagowa
trees (Ficus verruculosa). Motseakhumo was reported to have made: ‘such a success of the
Gomoti river for the sum of £10 plus rations for his Mokuba assistants'.*®

The following year Brind, the Government Engineer, submitted a proposal for clearing the
Savuti, but this was not followed up.

A year or two before, there had arrived in Maun a traveller and hunter, Charles F. Naus.
His antecedents always remained a mystery but he claimed to be 2n architect, an engineer and
a colonel. Offering his services lo the Government he was promptly turned down on grounds
of the financial stringency. But this was not the end, for Naus fitted in with the ideas of Colonel
Rey, the Resident Commissioner, for the development of the Ngamiland waterways?” and he
must have fitted in with his ideas of the enthusiastic gentleman amateur. He began work in
August 1932 under a Colonial Development Fund grant of £1000.*® His temporary appointment
was formalised in November 1933 and continued for four years. It was an energetic, if turbulent,
period.

Naus' first idea was that the Santantadibe and Gomoti rivers must be cleared of obstructive
vegetation by fire. To this end dams were to be built which would stop the flow and allow
the channels to dry out (Jeffares® suggests that burning may have been an effective traditional
farm of maintenance which had fallen into disuse). Naus picked a site at lat. 19°23,3' long
23° 13,6' SW of Txaba which he regarded as the beginning of the Santantadibe river after its
\ake-off from the Borokha. Construction began in December 1933. There were then no air photo-
graphs and no accurate maps but his correspondence shows that he knew the geagraphy of
the delta quite well. Today this general area, though not his precise dam site, is the beginning
of a minor blockage area where the well-defined ‘middle chanpel’ of the Borokha gives way
to the several narrow, rather undefined and easily blocked ‘outlet channels’ which become the
Santantadibe and the Gomoti. There was thus some logic in choosing & site in this area, though
why he picked that exact spot is not known. The dam was reporied lo be 1 050 ft long by
24 ft broad by 14 [t high. When the dam was ncarly finishcd Naus was impressed by the
current sweeping through the small gap which remained to be closed. He thereupon abandoned
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the idea of drying up the river bed (though he did later continue the burning of reeds  and
vegetation) and he formed a curious theary that dams with gaps in them somehow increased,
and not diminished, the total flow. He does not seem to have distinguished between ideas of
velocity {metres per second) and discharge (cubic metres per second). But he had the ear of
the Resident Commissioner, and against the advice of the Government Engineer he was allowed
to proceed with building another five or seven ‘dams’ with gaps in them on the Thamalakane,
Boteti and Lake rivers.

One of these remains to this day as the Matlapaneng bridge, a beautiful and popular picnic
Spot near Maun. As originally built it had two openings for the water to pass through, a further
three being added later by the PWD. Photos of the newly constructed bridge in 1934 are kept
in the Archives.? This ‘dam’ proved very useful for road traffic, the previous crossing having
been a drift, just upstream of the ‘dam’. One can see a photo of Colonel Rey's car being
pulled across the old drift by oxen in 1930 in a paper by Rey.2*

Two others of Naus’ dams proved useful causeways; those at Maun, on the site of the present
concrete bridge, and at Samedupi, (where a low bridge has now recently been built). It is certain
that these dams did not cause increased flow of the rivers but at the time, not only Naus,
but also local residents and Colonel Rey himself believed that they did.

Rey had at first been appropriately sceptical3? writing a five page minute on the subject,
but on one of his many visits to Maun (he was a great traveller, and this particular visit was
in September 1934) he was completely convinced, one might say ‘taken in’ by Naus. Rey,
unfortunately, consistently went against the advice of the Government Engineer, Brind, concern-
ing Naus,

The High Comsmissioner, in Pretoria, seems to have had doubts, A chartered civil engineer
from Pretoria, Mr J.L. Hill, was commissioted to examine the files and report on Naus' work,
which he did in a nine page report in April [935.2 Later the same year another chanered
civil engineer, H.R. Roberts, and the Agricultural Adviser to the High Commissioner, R.W.

tadibe river system, though there is little mention of further dams.

Much of his work seemg to have been concenirated in the Txaba area (lat.]9° 23 long 23° 147,
that is, near his first dam. He made a detailed sketch map® with explanations of the work
done. Part of his concern was to encourage the Santantadibe at the expense of the rival Gomoti,
which was even then a dying river. Naus made experiments on the destruction of Ficus verruculosa
trees by injecting sulphuric acid, He also made an interesting proposal, never yet carried out,
but in principle sound, to erect ‘cable and hooks’ at Gaenga (lat. 19° 04,1’ long 22° 49,1°, then

known as Kabamukunj Landing) to catch the Papyrus debris as it came down the river and

before it could add 1o the Nggokha blockage.

Same of Naus' work on the Santantadibe and Thamalakane rivers could be classed as channel
maintenance. Maintenance, like doing the family wash, seldom shows permanent results, but
is nevertheless not to be despised. The Thamalakane, an ‘gutlet channel” with a very flat gradient,
is notorious for its rapid growth of vegetational obstructions. It has been cleared several times
by various people; useful for a short time, but never with permanent effect,

£2 900 from Colonial Development funds had been provided in 1935 for channel clearance
and Naus,3 38 wae allgcated £800 of this for clearing a sand bar and other obstructions in
a twenty five kilometre reach of the Santantadibe upstream of the Thamalakane junction. (Read,
FAO Hydrologist, in 1968/9 remarked upon the old channel of the Santantadibe having been
much wider than the present one. Was it the old natural channel or was it perhaps Naus' widening
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Hilustrations by R. Bailey

(a) The blocked Thouge river, logking

tpstreant. Labouwrery clearing the pupyrus
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(c) Digging a canal o shori - cireuit g long river loop,

works that Read noticed?) The outflow of the Santantadibe declined considerably after Naug’
lime, i

The Boro then flowed into (he Thamalakane for fess than three months of the year.7” Naus
believed it was a wasteful river and should be blocked at jts upper end. This was, fortunately,
never done, as the Boro has become, since about 1952, the main supplier of the Thamalakane,
But no one in 1936 could know that.

There was at jeast one dam or bund constructed by Naus in ¢
to have benefited some peopie and, perhaps, harmed others.

Colonel Rey retired in 1937, His enthusiasm had browghy purpose, funds und several valugble
surveys to the Ngamiland waterways. But with his going, Naus had lost his patron. Rey's suc-
cessor, C.N.A. Clarke, early made a thorough tour of Ngamiland, including two days in a
mokore with Naus, After_a joint conference with Naus, Brind and Jeffares, Clarke stopped

he Shorobe area which appears

With Naus’ resignation, Brind’s assistant engineer
who had done such good work in 1932,
What would have happened, one wonders, if only Rey had backed Drotsky under Brind,

instead of MNaus? Drotsky had an exceptional capacity for orpanising effective wark by hand
labour, without ever, il seems, writing a letter, . Naus was also a hard worker but he was apt

already germinated, mature and proven and he convinced himself and Rey by his own optimism,
With these extra four years of the Naus period it is possible that Drotsky might, before the
war eventually cut off funds, have achieved permanent and lasting improvements to the Thaoge,
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This is conjecture, with many ‘ifs’. But as it was the Drotsky period of 1937 10 1942 (when
the CDF grant of £3 500 of 1939 finally expired)™® contained the most successful channel clear-
ance ever done in the Okavango.

Within two and a half months of his appeintment in October 1937 Drotsky had cleared 10,4
miles of channel starting rom about Tsau and working upstream. At first he encountered Hght
weed growth and cleared it 7 fi wide. By December 1937 he was into papyrus and able 1o
clear 920 fl a week with 20 ft width at a cost of 2d per square yard. Money appears to
have run out by Augost 1938 but work began again with the new grant in February 193937 40

Fig. 9 shows some views of the clearing operation. A curious and encouraging fact emerged;

" that whereas phragmites and other weeds would grow up again shortly after clearing. papyrus,
properly cleared below water level and in the conditions of the lower Thaoge, did not, and
the channels remained permanently ciear. The men, standing in the water up to their waists
or chests and working upstream, would cut the papyrus, and_ the debris would be piled up on

e the side with the help, later, of a home-made derrick mounted on two steel boats. Cane knives

- were used, and later sudd saws were ordered from the Crown Agents. Some of these were.

alas, written off and thrown away only a few vears ago. They consisted of heavy serrated knives,
each on the end of a wooden pole,
Behind this initial clearing: ‘commenced to appear, some 70 or 80 yds. downstream ... the

‘first uplift’. This first uplift when it has fully develnped consists of a mat of densely interlaced

fine fibrous roots each root being of the thickness of ordinary sewing cotton. The depth of

this mat is some 12 inches. Its surface floats from 1% (o 2 inches above the water and shows

~ a light growth of fine grass. Drolsky has some 10 boys employed in taking this raft in armfulls
and pushing it up onto the bank.'#!

The Thaoge being very sinuous, it proved better to cut the corners with a comparatively

| narrow and shallow canal rather than follow the stream ali the way round. In section a typical

¥ ] such canal, as measured in 1972, was: width of bed 4,2 metres, top width 9,4 metres, and
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€. depth of excavation 1,6 metres. The original river was 1.7 metres deeper than the new canal,
oy Thornton*? in 1944, in a ten page report on agricultural and water development in Ngamiland,
; s describes the work of the PWD: ‘in clearing the Thaoge River of papyrus and other growth, ‘
e plus the construction of canals cutting across the course of the river. There are in all thirteen
B e canals, six of which we traversed, and the distance cleared, plus the canals. which cover some
""" e~ 9 miles, amounts to approximately 70 miles. This is a magnificent piece of work, carried out
& a at low cost. The actual work was performed by Mr Martinus Drotsky and T wish to state here
ed that I doubt whether another man could be found in the Bechuanaland Protectorate who would
tly undertake a work of this nature ... I know of no parallel where a work of this nature has
4 ng been carried ont with the aid of only a couple of steel boats and ...( hand tools)’. Thornton
i == went on to recommend a provisional grant of £25 000 for the work on the Thaoge to be continued
under Drotsky.
ky i Fig. 10 shows the extent of Drotsky' operations, which ended with a channel from the Karan-
gana river, as there were neither time nor funds to complete the clearing in the Thaoge itself.
o, ! 1 inspected some of Drotsky's canals in Auvgust 1972. They were clear and unobstructed,
nd but, alas, completely empty of water, the blockages having increased upstream. It was also
1pt low flood year. An old two inch pipe post in the Karangana river bed at lat. 19° 37,7’ long
= se 22":13,1-’had 8 rust mark showing a typical former waler Ievel 1,67 metres above bed level.
______ Te All these channels were, in August 1972, dry. North-east of Gumare a few Drotsky-type short-cut
m. gea vt‘:ﬁhﬂ.lé"’i‘re_ 1 be found, but I do not know when they. were dug.
i he  E'xud *A;tc 1942 small annual amounts were provided for maintenance until 1960/61. The DC's
.. E R,

‘f’ci'r'“1946“’ speaks of a ‘foreman and ten labourers working throughout the year
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on the Thange bed, now clear as far north as Matetemetso 10 miles north of Nokaneng, The
Thaoge channel is completely blocked by papyrus from Ikoga to Matetemetso, a distance of
.-~ approximately 100 miles afong the river.” But maintenance on this scale, and withont Drotsky,
was nol going to solve the problem, During a series of droughts. particularly 1948 and 1949
lifteen more miles of Thaoge channel were cleared by the local inhabitants, for planting, when
the papyrus dried out,

Development funds were not again provided until June 1950 when Scheme D 1412, with
£28 000 for Ngamilund Waterways, was commenced, Brind, who had just retired as DPW,
now returned on a contract, assisted by Mcllraith, his former Mechanical Superintendent, for
full time work on the three years' waterways scheme, Drolsky was employed as Foreman
Mechanic.

This article is not concened with the main aspects of Brind's work, which was a hydrographic
and hydrological survey of the delta with recommendations for future development. There was
enough here for any normal engineer for three years and more. But Brind found time from
his other work to conceive, design, and have built and assembled a special papyrus cutting
machine. It is shown assembled and afloat in fig. 10 at its test site lat.]9° 24,5 lonp 22°11,1"
near Gumare. Brind acknowledged the good work done by Drotsky but he believed that as
one moved upstteam lo the more critical blockage areas, the thicker papyrus and deeper water
would be less and less amenable to hand labour. In any case further clearing was bound to
be expensive so it was necessary 1o be sure of doing a thorough job to gain corresponding
benefits. The economic possibilities of development seemed great. As an engineer Brind may
have had a bias towards machinery, but it should be noted that he was something of an ‘inter-
mediate technologist’ and had earlier been responsible, with Mcllraith, for the design and produc-
tion of the ‘Brimac’ borehole pump requiring no engine but driven by ox or donkey. Some
of these are still to be seen in Botswana but ] do not know of any still working,

In operation the 24 fi wide, floating machine was winched forward by hand upstream on
its six pontoons against the working face of papyrus. Power-driven reciprocating cutters were
lowered inlo the Moating mat of pupyrus to sever a Strip 24 ft x 4 ft in three portions & fi
wide. As the cutters were raised the pieces of papyrus mat were drawn up a ramp onto a platform
and afterwards thrown sideways 1o the side of the channel.

- The giant size of the machine was dictated by two things: the need to make a channel wide
enough to stay reasonably clear of weeds, and the need (o have a high unloading platform
to clear the tops of the surrounding papyrus, (I find no mention of the possibility of first burning
the papyrus to water level.) In all the machine was about 24 ft. high by 24 ft. wide by about
30 fi. long, weighed about 45 tons and drew 4 i, of water. It was assembled at Gumare from
individual sections, fabricated in South Africa. Transport of all the portions from Francistown
in three and five ton lorries look four weeks, But too much time had already been lost. Delivery
in '-'Jp’h'annesburg had been expected in November 1952 but was three months delayed. After
alsse'mbly and launching at a prepared face the trial began. There were teething troubles. A
quandrant gear broke and would have to be replaced by a stronger design. The vertical roots
b_f,ihd']?apyrus between floating rhizomes and the river bed were more extensive than expected
50 'that the underwater shoe to sever them would need modification. But there was no time

- and 'théré was no money. Much paper work on the field surveys remained to be done and

Brind had to go back to Mafcking to see to it. . . S
Brind’s: task ‘had been"to produce a Prolotype papyrus clearing machine. He had done it,
th irqgt cost was L8 240. The troubles were disappointing but not fundamental. Brind

the.machine in principle as # success. The required modifications were minor. But,

thout-them, the r_naq}_li_r\lq;g:ogxll‘(i do nothing. People spoke flippantly of ‘Brind's merry-

sifat vy, .
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thelr carriage on
beside the engine and gear hox,

Fig. 11 (k) The cutter carriage Is in jts half way position ready 1o descend Jor second cut, In the interval between
the two pictures the carriage, with its load aof her 3 metres up the ramp and
connrer-weight in jts tower,

Cll papyrus mat, was raised anot,
diseharged its logd onia the platform beside the gr

oup of men. On the right fs the
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- go-round’ and misleading stories of its ‘failure’ are still laughed at. Brind left the Protectorate
; A about March 1954, He left dia and proposals, though his full report was not available untii
. June 1955, when he was already in another job in Kenya.

Based on Brind's recommendation a major CD & W Scheme was drafted in 195414 totalling
£383 075 for ‘Development in Ngamiland’. Bold proposals were made for water conservation

: ' and agricultural development including £74 000 for river clearing on the Thaoge. Brind's machine

was to be modified lor £4 000 (we do nol know precisely what these modifications were to
be) and three additional machines, somewhat lighter, were to be built at £9 500 each with
. - running costs of £700 annually each, Ninety-seven miles of blockage, weighing two million
tons, were to be cleared in three years.

In the meantite the Symon Report!® had been issued which advised that large scale develop-
ment in Ngamiland would be premature, though further clearing of the Thaoge might still be
advantageous. But by August 1956 it was apparent that the administration’s development priorities
lay eclsewhere. % Afler advising against further expenditure, the RC told the High Commissioner
that Brind's: ‘machinery ... will be maintained in proper condition’. This intention was not,
however, followed and shortly afterwards official pressure began (o have the embarrassing monster
removed from Gumare, where it still floated unused and unserviceable. After an engineer’s
report and a board of survey it was finally dismantled towards the end of 1957 and some of
the components were used at Maun, Kazungula and elsewhere for unrelated purposes.

Of active channel improvement by man there is little more 1o be said until Anglo American
{ is will not be discussed here). Some waterways mainte-
. nance continued on a small scale until 196!, and in 1956 a navigational channel was 10 he
improved between Seronga and Jao. In 1953 a machine was ordered for clearance of the lighter

aquatic vegetation, but T have not discovered whal became of it.

About the time when Brind and Mcliraith were completing the design of their machine, on Sep-
tember 11th 1952 there occurred something which may possibly have had more effect on the
1Okavango than man's efforts. There wis a severe earth tremor lasting forty-five seconds, with
& pause of ten seconds and a further (en seconds of tremor.*® On the next two days Brind.
Mcliraith and others noticed further tremors, that of the 13th being followed by intermitten:
faint rumbling for over ten minutes. The Department of Geological Survey and Mines$? has
records of these and of some two dozen other seismic events centred in the Okavango betweer
‘May 1952 and May 1953, The largest was recorded on a seismograph as far away as California

.= Pike*" has shown that in the period 1951/3 there occurred a change in the regime of the

Boro and Thamalakane rivers with a marked increase in flow and he has supgested a seismic
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bs cause. The suggestion is highly interesting though not proven. An alternative explanation coulc
3 . } be that the high 1957 flood, finding an unusually dry river bed with minimum obstruction fron
1 3 vegetation, was able 10 scour out a better channel (this is not put forward as a developed theon
5 but merely to show that (he postulation of seismic causes may not be necessary). What is provec
£ is that earthquakes are frequently active in the area and could surely have a big effect for bette
or for worse. - ' :

; .- For the fulure we must also consider other extrangous effects of nature or man, Climati-
" E change is the most tatked of but probably the least important. Exotic water weeds could mak:
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A Floating Island in the QOkavango: Some Observations
Made by Brian Wilson

by 5.C. CHILD*
and PASHAW*+

Dedication

This paper is based on notes and observations recorded by Brian Wilson before
his untimely death in 1989. Brian was the first hydrologist employed by the
Government of Botswana, and occupied a number of senior positions in the
Department of Water Affairs between 1965 and 1982, He was responsible for the
establishment of the Hydrological Division of that Department, and in particular
for the establishment of the initial hydrometric network in the Okavango and the
instigation of two major water investigations which form the basis of current
knowledge of that unique environment. Brian made an invaluable contribution to
the understanding of the hydrology of the Okavango Delta, and is sadly missed by
those who continue this work.

Floating mats of vegetation are a commaon feature of swaimp ecosystems. In the
Okavango Delta the blockage of channels by Papyrus mats, and the hydrological
changes thal result, have been well documented (Wilson 1973, McCarthy et al,
1987), whilst human use of Papyrus mats as 4 means of downstream transport has
been reported from the 19th century onwards (e.g. Andersson 1857). However, it
is difficult 1o monitor individual vegelation mats or to determine their fate over
tong periods of time. This is due largely to the homogeneity of the vegetation
community and difficulty of access in the permanent swamp of the Okavango
Delta.

One exception o this is an unusual Moating ‘island” in the Panhandle, which
has been reudily discernible from aerjal photographs since aerial reconnaissance
began in that area in 1944. The sub-circular island, measuring approximately
160 m x 125 m, lies within an clongated lugoon (lediba) measuring 400 m x 200 m,
at lat T8 407§, long, 22° 1214, some 9 km north of Sepopa (Figure 1), The island,
tike the surrounding swamp, is composed largely of Papyrus, with subsidiary
communities of sedges and the aquatic fern Thelypteris.  Deep water underlies
both the island and the tagoon margins.

The pasition of the island on sequential aerial photography from 1944 1o
1983 is shown in Figure 2, whilst orientation and net rotation of the island on its
eliptic orbit can be estimated from the position of a small indentation, marked
with a dot. From an initial central position in 1944 the island reached the south
western side in 1962, and the northern corner in 1967, before migrating the lerrgth

L ?T‘\\KLV;\ _""‘1&"(}’7;}‘\“-"3 M\n‘\-ﬂ-\! . .
' 3.0 Child is Deputy- Rirectar o Department of Water Alfairs, Guaborone. o )
P-A. Shaw is Senior Leeturer in the Department of Environmental Sciences, University of
Botswana.
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of the lagoon in the following two years, By 1974 the island, still at the southern
end of the lagoon, had rotated clockwise some 45° and stabilised, for in 1983 it suill
occupied this position.

The island was observed from the air in February 1990, It is now firmly
locked into the southern position (Figure 3), although it is not yet contiguous with
the lagoon margins, for narrow channels are apparent on the east and west sides,
whilst a small area of open water is still apparent on the southern margin.

How such a floating island could originate is not clear. It is probable that
it has evolved within the lagoon rather than being derived from outside, either by
direct growth, or by breaking away from the lagoon margin. Once formed it is free
to drift in response to wind-derived currents until it becomes enmeshed in the
lagoon margins. 1n all of the photographs it has contact with at least one point on
the lagoon edge, and it is probable that it undergoes long periods of stability in a
single position, until liberated by strong winds.

Suprisingly the island has changed very litile in size or shape over the past
S0 years, although the present phase of stability has, in part, been due 10 a
reduction in the size of the lagoon by up to 10 metres since the 1960s. This
Suggests that the rate of Papyrus colonisation of deep, still water in the absence of
sedimentation is refatively slow, a factor which accounts for the persistence of
madiba in the Okavango system. By contrast the rapid and pronounced
hydrological changes brought about by Papyrus in channe) Systems are due initially
to blockage hy floating vegetation and plant debris, with colonisation and
deposition of transported sand as subsequent processes.
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FIGURE 3 Oblique acrial photograph of the Aoating island at the southwest eod of the
lagoon, Fcbruary 1990
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PREFACE

THE OKAVANGO
HOW TO USE ITS WATERS BEST? .

S. RAADSMA - Snowy Mountain's Engineering Corporation

The Okavango River, the third largest in Africa, originates in Angola.

After bisecting the Caprivi

Strip,

the river enters Botswana where

tectonic movements of the past have resulted in an uplift which has

effectively blocked the

river course.

This has resulted 1in the

formation of an inland delta, roughly 22 000 km® with a permanent

swamp of 5 000 km?

T1ooded divided in bowl

land,

and another 5 000 to 7 000 km®
shaped flood plains

of seasonably

and elongated

depressions (melapo) separated by permanent isiands.

The Okavango River and its delta is the main

surface water scurce in Botswana and is
recarded a major resource in the nation's
strive for economic independence and

sustained development. Its natural resources
have been studied during the Jast two decades
to a varying degree of detail. On behaif of
the Govermment of Botswana the  Snowy

Hountains Engineering Corporation of
twstralia has carried out a study of the
potential wuse of land and water resources
along the southern fringe of the deita,
emphzsising integrated surface water
sevelopment, including the possible

gevelopment of 10 Q00 ha for irrigated food
trop production in that region. Increased
saricultural production, if viable, obviously
would bepefit the region and the nation.

B2ing remote from urban centres, the delta is
recognised worldwide as an unigue geographic
and ecological sysiem providing a growing
source of income from rapidly increasing
towrism. Consequently, an assessment of the
environmental impact of proposed technical
ratters wes included in the study as a
separate thouoh integrated zspect.

In trving to evaluate the impertance of the
Okavanoo waters for national developmeni, 2
number of economic dndicators have to be
adorassed, followed by a short descripiion of
the oelza's physical features, Qutfliow
supplementation and water regulation schemes
congidered will be discussed and their
benefiss for traditional and potentisl water
users will be reviewed in relation to their
costs. An attempt to extrapolate potential
benefits of the water on a natiomal scale
will conclude this addrecs.

INTRODUCTIOR

THE NATIOHAL ECONDMY

Botswanz, with an estimated population of
about '.1 million people, has a relatively
favourenle per capita imcome, & sound economy
and a real growth of the Gross bDomestic

Product of about 11x per annum over the past
decadge with the mining sector being the major
force (diamonds, nickel/copper, coal).
Diamonds, cattle, copper and tourism account
for nearly all foreign exchange earnings.
However, the country is very dependant upon
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imports of most fresh foods, fuels, processed
and manufactured goods and management skills.

With an overall population growth of about
3.4% and export earnings, which may remain at
a more or less stagnant level, the economic
growth rates are anticipated to diminish over
the coming years. Most settiement is
concentrated in the east of the country where
urban centres are growing rapidly, again a
process which cannot be reserved easily in
the next decade.

In spite of the increasing concentration in
the urban centres, approximately 80% of the
population is rural and largely dependant on
the agricultural sector, contributing only
sbout 5% to the GDP (1984), This percentage
has been falling in absolute terms in recent
years partly due to oprolonged drought
conditions, About BOX of the wealth of the
agricultural sector is derived from cattle
(peef exports are second only to diamonds in
value) but half the national cattle herd is
held by only 5% of the rural population.

Less than 5% of Botswana's land area is
estimated to be cultivable, of which about
gne-tenth is planted in any one year, and one
third of that was harvested in recent years.
dere again production and income are heavily
scewed with half the crop production coming
f-~om about 4% of the land planted. QOvarall
baszic food creduction is deciining, caused by
arid  climate, peor soils, migration of
workers away from agricutural production,
etc. Annual imparts already exceed 200 000
tonnes of grain and 30 Q00 tonnes of fruit,
vegetables and processed fuods.

Tne current National Plan {NDP6, 1985-1930)
places substantial emphasis of expanding
reral work opportunities and to increasing
proguctivity in arable agriculture.

Irrigation will have to play an important
rote in the strive for food self reliance and
diversification. At present there is little
more than I 000 ha under technical irrigation
in Botswana.

THE STUDY AREA

The study area designated the Southern
Okavango Delta lies between the Thamalakane
énd Nhabe Rivers, stretching from Shorobe to
Toteng and the buffalo fence. ]t includes the
northern part of Lake Ngami where it was
thought that lake bed soils would provide
large uniform areas suitable for irrigation.

Maun is the main centre of Local Government
with district offices, a major abbatoir and a
thriving tourist industry being the gateway
to the Okavango Delta. The area has an
estimated population - of around 23 000
including some 19 000 people in Maun.

The rural population with an average family
size of 6.2 persons is mainly living in small
villages and dispersed homestead clusters,
Most households derive their income from
subsistence agriculture, mainly livestock,
some food crop production, and supplemented
by non-agricultural activities e.qg. services,
temporarily employment in the delta or
elsewhere  in  and outside Botswana. The
pepulation growth rate in the outlying areas
is estimgted at 2.6% but at 5% for Maun

indicating that the rural areas experience ;
considerable out-migration whilst Maun 1is
growing at a higher than average rate,

The above mentioned facte underline & major
prablem facing Botswana {one which is wel]
known  in  many developed and developing
countries) : an exodus from the land and an
influx of people to urban centres which
cannot cope with this unpredicted orowth.
Realistic development projects are thérefore
reguired in the rural areas to turn the tide
and the impiementation of an integrated water
development plan for the Southern Okavango
Delta has been looked upon as  having
potential for such a project.

LAND AKD WATER RESOURCES AND PRESENT USAGE
LAND RESOURCES

Irrigation projects requi}e suitable lands in
addition to water. Originally it was thought
that in the melapo area, between the
Thamalakane and Boro Rivers and the buffalo
fence, at least 5 000 ha would be available
for large scale irrigation development to
establish food crop production on a
commercial scale. However, the melapo are
flood plains with considerable variation in
shape and natural fertility. There is a
difference in elevation of a few metres
between the sand islands and the elongated,
scattered channels and depressions, which are
considerably higher in c¢lay and organic
matter content.

To aitow large scale mechanised farming under
surface irrigation would reouire land
levelling to re-shape sufficient large areas,
which is not feasible given the heterogeneity
of the seoils. Potential hazards of soil
salinity and sodicity prohibit the use of



sprinkling irrigation on a laroe scale, e.q.
on areas in excess of 10 na to 20 ha.
Considerable exvense would be invoived in
bringing water to the scattered areas whilst
and flood

natural orainage of excess rain
waters is pronibi ted by the gverall
topography and could reguire EXpensive

pumping.

At the onset of the study it was hoped that
large tracks of uniform suitable soils could
be found in tne bed of Lake Nogami. The area
and the lands along the Nhabe and voper
Boteti rivers were surveyed by the Soil
Survey section of MOA, assisted by FAD, which
section alsp had carried out a soil survey in
the molapo area.

Detailed soil investigations were carried out
by the Consultant concentrating on the most
promising areas to prepare a land capability
mip for irrigated agriculture. Unfortunately,
tie lake bec soils of Lake Ngami proved to be
tao acioc for agriculture and some 9 750 na of

sandy so0ils  could only be classified
marginally suited to spray irrigation
davelapment, including 800 ha with a thin

Tayer of organic silt deposits,

Another 6 100 ha of very similar soils has
been  identified along tne Nhabe River
tcgether with about BOO ha of soils with
calcrete containing less permeable lavers at
relatively shallow depth partly used for
rainfed farming at present. In view of their
characteristics these soils are not suited to
surface irrigation methods but only to spray
irrigation,

After allowances are made for greas with
variable and wunsuitable topography, spray
irrigation layouts, wind breaks,
infrastructure including cattle crossing,

etc., approximately 10 000 ha of land is
available for irrigated aoriculture. However,
tne soils are very low in natural fertility,
have a very low moisture holding capacity and

need freeuent dirrigation, reauire a hign
tapital investment and a high level of
management skill to make any targe scale

farming operations successful.

Topographical survevs were carried oLt by
Baker Survevs of Francistown culminating into

maas of the investioated areas to a scale
1:10 000 with contours at 1 m and 0.5 m
vertical intervals. Remote sensing analysis

w85 undertaken by the University of Botswana
[0 cetermipe the size of areas with permanent
water and seasonably floooed areas in the
Okavango Delia.
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WATER RESOURCES

The Qkavango Delta is composed primarily of

fine water-borne sands and is  of
comparatively recent origin, apparently
brought about by a seismic  upthrus;
perpendicular to the river course. Tne width

of the main delta outfall, the Boteti River
valley, sugoests that the QOkavango f1owee
directly in south-easterly direction to i
Makgadikoadi Pans in earlier periods.

The MNhabe of Lake River is an overfiow from
Lake Whami, in older times a terminal sump
for the Thaoge River when the latter was
carrying much of the Okavango River flow. In
Livingstone's times the lake had considerable
dimensions, but at present, with tpe Thaoge
being blocked by vegetation, the flow
direction is reversed when back-up water from
the Boteti spills into the lake.

The Okavango, at its point of inflow at
Mahembo, typicaily peaks in March/April,
After meandering through a 10 to 20 km wide
flood plain (the Panhandle), the river drainps
into a8 wvast area of perennial swamgs,
increasing tne latter's size from around

5 000 km* to a maximum of 12 000 km?. One of
the main outflow channels is the Borc River,
4 ciear channel through the southern part of
the delta, discharging into the Thamalakane
River and from there into the Bote:! River.
Other channels which can contribute to the
annual outfiow, which occurs between June and
November, are the Gomoti, Santantadibe and
the Kunyere, the latter discnarging into Lake
hgami. During years of high flooc, some
Okavango water flows tnrough tne Selinaa
Spillway to the Linyati Swamps, par: of tne
Zamberi system.

Analysis of nistorical information snows zTna-
the complex hydgrology of the swamp is by no
means stable. While vegeration blockages have
clearly beern documented 2s a maior factor
causing tne instability of the del:ia Sysigm,
¢nanges in vegetation are a response 1o
cnanging hydrological conditions such  as
mgjor floods and droughts, ARiinough
hydrological conditions may sometimes be
altered by human influences and seismic
activities, the dincidence of figecs and
Crougnis  appears to Bbe  tne most  commen
initiation of regime changes. The fiow regime
of” the Boro, one of the major gelza outflows
ai Dresent, has changed drasticzlly in recent
years because of recent droughts. Changes in
flow vecime can be expectea, they can be
neither completety controlled nor accurately
aredicted.
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Available hydrologicaj data on delta inflow
and outflow have been analysed and extended
where possible and  a  rather reliable
synthetic record of the Okavango river flow
has become available for 54 years (1933 -
1986). Using this recgrd and  available
rainfall data as inputs to a multi-cell water
batance model of the delta hag allowed
extension of the de]ta_uutf]ow over a similar

The annual inflow to the delta at Mohembg
varies from 6 000 Mey to 16 000 MM with an
average of 10 000 MCM. In terms of discharge,
in an average year, the river peaks at about
850 m* /sec ip April and recedes to about 150
m /s ip November, Despite the fact that
rainfall on the water surface of the SWamp
contributes about another 4 000 MCM ip a
normal year, the average outflow at the base
€f the delta is only about 450 MCM or 4.5% of
the  total inflow. The outflow varijeg
considerably, however, frop Just 31 MCM to

1 333 MCM (period 1969 - 1985).

“he high discrepancy between infipw and
outflow is accounted for by
Bvapatranspiration from the swamps and the

. vegetation argund their margins, Seepage to

croundwater M3y OCCUr within the delta, but
isotope analysis carrieg aut in  the past
{JKDP/FAD)  has shown  that groundwater
recharge outside the delta does not take
place from the swamps.

tontent of 30 PP®m at the point of inflow
increasing 1o 80 to 160 pPpm in  the
Thama) ak ane, Almost a1l gf the salt 1pag
entering  the detta  thus remains there

ilthough the processes whereby this occurs
ire imperfect?y understood,

PRESENT WATER UsE

There are various users of the water flowing
Wt of the Okavango Delty who are faced with
I great variability of annual flows including
rolonged low-f]ow periods.

The main users are:

i Melapp

The Molapo area, where flpod recession
farming is carried out opn ap area which
is entirely dependent upon the volume gf
the  delta's outflow, The Molapo

Development Project assists the farge
with water contro) through bunding a
providing mechanisation services
facilitate land Preparation. The averaq
area of flooded melapo is about BL
ha/year ranging from zerg tg 2 000 ha i
some years.

b. River Bed Farming (maximum between 55
ha and 700 ha}.

C. Irrigation.

There s  gne tommercial irrigatior
farmer with Bgg ha under centre pivot
irrigation near Matmn,

d. Lake Noami , '

The lake, when flooded, is , very
important Ssource af surface water and
grazing areas for cattle and a haven for
an extensive range of bird life. The

lake has been dry for the last couple gf
years,

€. Fisheries.

During years with high outflows, the
rivers and Lake Noami were a
considerabie source of fish.

f. Livestock,

g. Tourism with emphasis on  the gelta
proper,

h.  Downstream users, along the Botetj River
25 far as Mopipi Suamp,

-

Orapa Mine.

Starting in 1972 the mine intended tp
draw its water from Mopipi Swamp, pump
it into Mopipi Reservgir {volume o5 MCM})
and from there through a pipetine to
Orapa, Losses to evaporation are
extreme, requiring a minimum flow in the
Boteti at Samedupi of 180 MCH/a to
ensure a supply to the mine of 7.8
MCM/a. Hydrological simulation has shown
that because of droughts, the mine would
only have surface water available in 31
Years out of 54: the remaining 23 years
alternative water supplies are required
under the present low flow regime.

PRESENT AND FUTURE AGRICULTURE

AGRICULTURAL ASPECTS




Present land use for food crop production in
the study area amgunts roughly to & 000 ha,
partly on dry land, and about one-third on
molapo so0ils and in river beds, with .an
annual average production estimated at 2 000
tonnes of grain equivaient. The commercial
irrigation farmer produces a further 700
tonnes each year, Most of the land is used
for communal grazing of cattle and goats with
stocking rates of one unit per 7 ha to 15 ha
depanding on soil type.

To avaluate potential agriculture, especially
irrigated agriculture, one has to analyse
crop production constraints which are many
fold:

a. Soils

As discussed, the soils available for
jrrigated agriculture are infertile
sands with a low moisture . holding
capacity,.low buffering capacity and are
predisposed to wind erosion.

The soils of the molapo area are
considerably better. However, while they
are suited to improved traditional flood
recession farming, they are  not
conducive to development of more
sophisticated commercial irrigation
methods on any significant scale.

b. Climate, Pests and Diseases

The study area has a harsh arid
environment with Jow rainfall and high
crop water reguirements. The incidence
of pests and diseases is high.

¢. Llocation and Markets.

The study area 1is far from major
population centres and potential
markets, whilst the local market for
potential products is limited.

Although a wide range of crops can be grown,
the very strong comparative disadvantages
make it unlikely that the study area could be
competitive. The largest and best defined
market which exists is for basic food grains
with Tocal preference for white maize and
sorghum, However, the latter is prone to
guelea attack, a real pest in the area, and
thus main output would be maize.

Far the future, without a water respurces
project, it is expected that improved flooded
melapo (average 1 200 ha), rainfed melano 3

preferred and for citrus

irrigated farming {expected to stabilise at
maximum of 200 ha) would show a maximum
increase in food crop production from about ?
700 tonnes to about 7 00D tonnes per year,

If water availability «can be readily
increased through a project, the area of
flooded molapo may be expected to increase to
an average of 3 200 ha per year, with a
maximum production of 9 600 tonnes. With an
average of 1 200 ha rainfed molapo and some
dryland farming, the non-irrigated
agricultural sector could thus produce about
10 000 tonnes/a.

With sufficient water availabie, broad are:
irrigation could be undertaken with maize,
legumes and pulses. as the main crops.

0ilseeds could also be dincluded in  the
cropping pattern. With an average cropping
intensity of about }140% over large areas and
good management, an average production of

8 000 tonnes grain equivalent per annum may
be expected from every 1 000 ha.

Vegetables  (cabbages, potatoes, carrots,
onions, lettuce, beans/peas and  green
mealies) could be grown to the Timit of
market absorption, estimated at present at
200 ha. Likewise citrus would do well but the
demand would Yimit the planted area to about
100 ha.

IRRIGATION

Frequent irrigation would be required, for
broad area crops centre pivot systems are
recommended under prevailing conditions, for
vegetables drip or trickle systems would be
under-tree
sprinkling systems.

On the basis of climatic data, the crop water
recuirements have been assessed and, after
making allowances for effective rainfall and
irrigation efficiencies, gross irrigation
reauirements have been calculated. Peak
appiication could amount to 12.4 mm/d for
broad area crops and 9.6 mm/d for citrus,
correspanding with distribution flows of 1.6
1/sec/ha for the Lake Ngami area and 1.1
sec/ha for citrus in the Nhabe River area,.

Water supply to the 4 000 ha in the Nhabe
River area would be by means of direct
pumping from that river. For the Llake Ngami
area an outlet works would be reguired at a
dam on the Whabe River near Toteng and a
supply canal with a length of about 2% um,
providing water to pump sumps. Diesel engine
drive pumps are proposed to be used

!
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% rancistown,

throughout the irrigation areas with buried
nipelines supplying the spray installations.

Obviously development costs would be high,
preliminary layouts of the irrigation schemes
including detailed designs for sample areas,
indicate an average capital cost of about

P& SOD/hq for the Nhabe River area and

P 7 600/ha for the Lake Ngami dirrigation
area. These <ctosts include the cost of
clearing and fencing.

AGRICULTURAL ECONOMICS

As important as the capital cost are the
production costs which are high because of
poor sofl conditions and would include about
P 500 of fertilizer per ha per crop and
another P 500 for fuel cost (both imported).
Add to that the costs of seed, pesticides,
labour, transport to Maun, etc., and total
production costs amount to P 950 to

P 1 400/ha, depending on the crops grown.

The returns for the farmer are very much
dependent upon the market prices, which are
determined by the Botswana Agricul tural
Marketing Board, based on import replacement
prices reflecting the current deficit in the
ereas concerned. The price of food grains for
eample is P 50/t higher in Maunm than in
Frapcistown, reflecting the cost of transport
between the two centra.

The potential demand of Ngamiland District
tan be estimated at a maximum of 20 00O
tonmes per annum  in the not tao distant
future. As pointed out earlier, improved
water availability for molapo farming and
irrigation would meet the demand with only
ot 1 200 ha  commercial irrigated
ggricul ture,

further increases in production costs would
result in exporting grain from the Maun area,
t.9. to Francistown. This would imply that
farmers would have to sell their produce at
lover than Maun prices and would have to pay
i additional P 50/t for transport to
Consequently the return to
frrigated and non. -irrigated farming alike
wild considerably be reduced once demand of
local markets is met, unless the market price

| m the production area i subsidised by the

lovernment,

If ene compares production costs and returns
2100 ha irrigated unit in the first 1 o000
M to be developed with those of a similar
it in in the next 3 000 ha, the difference
I considerable; the first unit would have a
"tern {0 management and development capital

of about ten times more than that of the
second upit, i.e. in the order of P 52 DOO
versus P 5 000.

A rather similar situation applies to
vege tables and citrus where market prices and
thus farmers’ incomes would drop considerably
if more than 200 ha and 100 ha, respectively,
were taken into production.

In other words, either the market prices have

to be subsidised to allow large scale
commercial irrigation and food crop
production, including corresponding
employment opportunities or irrigated

agriculture, must be limited to about 1 000
ha broad area crops and 200 ha vegetabie plus
about 100 -ha citrus with an emplioyment
opportunity for 350 permanent workers and 200
to 600 casual workers each day.

WATER RESOURCES DBEVELOPMENT
GENERAL

A large number of engineering components have

been considered in many combinations to
develop a system which best would meet
potential future demands. The components

include outflow supplementation schemes and
outflow regulation schemes.

To simulate the water balance of the swamps
{inflow and rainfall) versus outflow, (losses
and storage) a computer model was developed

during the wid-1970's. Evaluation of the
model prior to this study is described in a
report by Dincer (1985) who also participated
in this study to refine the model on the
basis of additionmal Ffield data through
calibration.

Other technigues in flow simulation have also
been used during the study including multiple
regression  techniques to predict annual
volumes of delta outflow.

The water balance model was used to extend
the outflow records of the delta to 54 years
{1933-1986). The flow regime af the Boro has
been used not only because that regime
currently appertains; but it is also the most
conservative one with which to assess water
yield to compare alternative potential water
resources developments.

FUTURE WATER DEMANDS

Patential water users are much the same 25

but demands per user
if water was
large

present water users,
would increase considerably
readily available in sufficient
guantities.
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SIJUALION PROJICT Reservoir Sukwane 1 Bara
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] Kelapo I Irrigation
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1
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Oryland crap ha 3150 1 3 &%0 3 150 3 350 3 150 J 350 LIR1 ]
|
Irrigation ha a5 1 200 1 400 | too 1 Joo t Joo £ )00
| 1
Haun Water Supply resitricted avallatle irom reservole Vo rost years
Lake Kgami supply Myratba Iyre/s4 AAyrs /54 | tByrs/sd S0yra/sa $lyrs/54 S2yry/ia
|
Riparian supply Nyrs/54 Iyrs?5d yra/54 | Adyre/S4 A9yra/54 Syri/Sd SOyrs/si
1
Oraps [Bapipi) supply iyrss54 lyrs /54 no supply yrsssi 49yry/5¢ S2yri/54 3yri/s
{
! t

TASLE | PRESIHE AND POTCHIIAL WALLR USC Wi1n BIFFCACHT LEYELS OF DIVILDPHCHT
CAYIHAGYS }
Other Wirrs:
I. LUlvestock: no adverse impacls on Vivestock, lepraved qualily of Tife for slockmen near to turface water suppiiet,

2. Others: tmproved opportunities for Flsheries, Lourism, and an improved quality of Vife for reservolr dwellers.

Considering its overall importance,
Felzpo attempts have to be made for provision
of 7.5 MCM for the lake in years when

ME]EDO should be flooded Dr‘EfETab'fy in the Kunyere is expected to have no aor

August with an estimated 10 000 m*/ha %o : very little outflow,
saturate the soils to a depth of about
2.5 m within two months of inundaticn e. Fisheries, livestock, tourism would al}

thvs allowing seeding in QOcrober and
continuous crop orowth with assistance
of szasonal rainfall, The earmarked f. Downstream Water Users.
5 000 ha of flood melapo oy 1%94 would
thus require a minimum of 50 MCM if

benefit from water storages.

If there were to be a reservoir near

watar supply in the molapo ares fs Maun, riparfan releases of about 42.5
properly regulated and not supplied at MM would be reguired at Samedupi
random.’Supp1y could be through back-up sufficient for the flow to pass Rakops.,
water from the Boro outflow into the Should there be a second reservoir

upper  Thamalakane or  tprowch  the
Xasanare channel, taking off from tine
Boro River about 13 km upstream from the
Soro-Thamal akane confluence.

downstream near Sukwane 14 MCM releases
would be required from that reservoir to
meet these dgownstream riparian demands.

. g. Maun Domestic Water Supply.
River - bed farming would mainly be
foregone if the river valleys are used

The present water supply system to Maun
for the water storage, only 150 ha would

from groundwater is barely sufficient to

be affected. meel tne requirements of the current
population {19 coo peaple}. The
Irrigation estimated population growth rate would

result in+an dincrease to 55 GO0 peaple
by the year 2010, requiring some 2.5 MCH
Lo be withdrawn each year from 3 surface

Annual water requirements for broad area
craps with a cropping intensity of 140%

have been caiculated at 11 M{M per 1 000 waler storace because indications are
ha. An additional amount of 4.7 MCM per that groungwater is Timited in
year would be vrequired for 200 ha availability,

vegetables and 100 ha citrus.
h. Orapa Mine.
Lake Ngami

ra—
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At Present, without other water Storages
than Mopipi Teservoir, the flow down the
Boteti shoulg amount to 180 MM to 250
MM Fo supply the mine with its current
Fequirement of ahout B MCM/a.

There are indications that

her i future
Mmining operations may result

in double
that amount, about 15 MCM/a in another
5 years time (1992).

ALTERNATIVE SUPPLY FROM GROUNDWATER
8. Maun Domestic Water Supply.

At present Maun's water supply is from
groundwater. Boreholes  constructed
during the last 12 to 15 years along the
Thamalakane have not met expectations
and have mainly been taken out of
production whilst a new wellfield has
been developed in recent years on the
Shashe River, Indications are that
available aquifers are Timited in extent

and depth with deeper aguifers
Containing saline waters. Although
further  groundwater exploration  is

required, all indications are that Maun
will have to draw from surface water in
future and a water treatment plant wil]
be reguired.

3. Orapa Groundwater Supply.

During the first year of its operations
(1972), surface water supply via Mopipi
Reservoir failed and emergency
development of groundwater was started.
During the last five years of drought,
groundwater exploration was extended 1in
somewhat  haphazard  manner. Pumping
depths are in the order of 180 m to 200
m which makes this source of water
considerably more expensive than pumping
from Mopipi Swamp via Mopipi Reservoir.
In addition, the groundwater quality is
very poor and fails to meet the

standards of the World Health
Grganisation,
Present groundwater reserves are

estimated at 150 MCM sufficient to meet
current demands for another 35 to 40
years, or if demands double as expected,
for about 17 to 20 years. As has been
mentioned before, the surface water
Supply under present conditions is only
sufficient in 31 out of 54 years and in

23 years of such a sequence, other water
respurces or alternative mining
Operations are required. Re-organisation

of present groundwater use and extensive
exploration to establish
available groundwater reserves will have
to be undertaken before g decision can
be expected on the mMeasures reguired tp
guarantee water supply during the mine's
productive life estimated at well over
100 years.

OUTFLOW REGULATION SCHEMES,

Without regulation schemes no real
improvements can be made to the utilisation
of the delta outfiow. The relatively flat
topography does not allow for water storages
other than in the river valleys proper which
are  rather narrow apd shallow. Three

potential, reservoirs are considered and have
been investigated.

4. Maun Reservoir.

The concept of this  reservair was
conceived during previous Studies
(UNDP/FAD, 1977), and wouid involve
damming of the Boteti River at Samedup {
Drift, approximately 18 km downstream of
the bifurcation of tne  Nhabe and
Thamalakane Rivers. Water would backup
inte the Thamalakane River as far as
Shorobe and in the Nhabe River as far as
Toteng, where another dam would be
required to prevent outilow -to Lake
Ngami .
The Full Supply Levet {FSL) is constrained to
EL 934 to avoid flooding problems in Maun.
Another structure would be required in the
Thamal ak ane just upstream .of its confluence
with the Boro River to control unwanted
flooding of the molape arez, The Sstructure
would consist of ; Targe gated bund, the
Thamalakane Control Structure, which would
regulate the flow to the molape area.

At FSL 934 the reservoir would have g storage
Capacity of 175 MCM or without the upper
Thamal akane River, above the Contral
Structure, a volume of 153 MCM. The Minimum
Operation Lavel (MOL} of 920 would leave 17
MCM of storage inactive; some of this water
could be used for citrus and vegetable
irrigation in the Hhabe River area bed - the

bulk could bhe reserved for Maun domestic
water supply.

b. Kunyere Reservoir,
Another possible but not ideal damsite

exists on the Kunyere River near Toteng
Just abave the confluence of that river
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and the Hhabe. A dam with FSL 934 m
would cireate a reservoir with a storage
capacity of 134 MOM. two purposes were
envisaged:

- to supply irrigation water to the
Lake Ngami irrigation area, in
particular for tne first crop
{hugus 1-December).

- 1o contrel the water level in Lake
Ngami to a maximum of 920.5 thus
preventing too high a rise of the
grounowater table and subseguent
hazards in the irrigation area,

The reservoir would be very large in

area in relation to its shallow depth
and wouid lose much water through
seepage and evaporation, thus ~being
rather ineffective.

€. Sukwane Reservoir,
A potential damsite is located in the

Boteti River near Sukwane, approximately
20 km upstream from Rakops. A dam with
FSL of 915.0 m would give an active
storage of 55 MCM in a relatively narrow
valley with a Tenath of about 120 km.
Tnis reservoir could supply the Orapa
mine by means of pumping through a
pipeline to a reduced Mopipi Reservoir
or holding pond {4 MCM to 5 MCHM). Supply
by gravity is not feasible because of
adverse topograpnical conditions.

OUTFLOW SUPPLEMENTATION SCHEMES.

The drregular delta outflow would leave
sto-age reservoirs nearly empty for several
years, in 2 years out of 54 no outflow would
occur at all. Several schemes have been

conceived in the 1970's to supplement the
natural outfilow from the delta by means of
engineering works. Two schemes vere
considered  attractive, the Lower Boro
Dredging Scheme and two Bunding Schemes to
prevent water wastage in the Xudum/Xwaapa

area. These schemes have been considered in
detail during gur study and others have been
investigated.

d. Lower Barc River Improvement Scheme.

During floods water is ponded on both
sides of the Boro wupstream of the
kKunyere Fault. In the early 1970's the
Anglo-hmerican Corporation drecged about
15 km of the Boro River to iap this
resgource, however they did not succeed
in enlarcing the river up to the fault
Tine in the early 1G70's.

Detailed investigations have shown that
water becomes trapped well upstream of
the faultline because of low channgl
capacity and river improvement . Works
would be reguired over a length of about
35 km. Once completed an enlarged and
imoroved channel would increase the
outflow to between 45 and 55 MCM in
most years. This scheme is very
attractive, has few adverse
environmental impacts and detaiied
design and contract documents for its
implementation have been prepared,

b. The Xudum/Xwaapa Bunding Schemes.

These schemes envisage a series of bunds
in low spots between Bokwi and Beacon
islands and along a ridoe of dry land up
to the Matsibe river. Several of the 27
bunds involved would have to be gated
L0 prevent flow into the Xudum/Xwaapa
area in years with low flows into the
delta. In normal and high flow years the
gates would remain open. Detajied
investigations have shown that in low-
flow years the diverted flow would have
to traverse extensive areas of shallow
swamplands where it would be lost to
evaporation unless a channel was made
from the Xudum to the Kiri River and on
to the Boro.

The remaineder of these bunding schemes
comprise two bunds with gated
structures in the Xudum and Xnabega,a 12
km Jong cross channel from the Xudum to
the Kiri and additional river
improvement works of the Lower Kiri to
discharge the flow into the lower Boro.
This scheme is known as the Xudum/Kiri
Cross-Channel and would yield about 45
MCM in dry years with a variation from
10 MCH to 70 MCM.

¢. Xe Flats Chapnel,

altgrnative w0 tne Xugum'Kiri
investigations were mage
te imorove one of the Beoro PRiver
cnanneis is the %o Fli2ts. This is an
arga of very.flat topoorapny where the

As  an
Cross-Channel,

Boro disintegrates into a maze of small
cnanneis and where large volumes of
water are lost due to evaporation. A
properly designed and constructed

cnannel of about 15 to 23 km would yield
about 50 MCM im dry years {variation of
40 MCM to 70 MCM) and would be very
efficient in  increasing the oael:a
outflow without seriously affecting the
extent and depth of the perma2nent
SWamps.
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Other Supptementation Schemes,

A number of

Supplementation schemes have been
considered, the most important being one
to  suppiement the

other outflow

outflow gf the
Santantadipe River,
The Santantadibe and the Gomoti have

both been regarded for decades as dying
rivers. -Peopie rety on the Santantadibe
in particular for water supply
throughout all the year. It is thought
that a small breach in the right bank of
the Ngegha River near Leteteme tso Isiand
Could restore reguiar flow _into  the
Santantadibe. This could be tried on an
experimental scale and water movement
monitered under strict control.

Transfer fram Panhandle.

An option which remains open for* future
tonsideration s tg transfer water
through 2  bypass channel  from the
Okavango River at Sepopa where water is

abundant all year through. Because of
its abundancy, the effect gn the delta
would be small a1 though the detta

outfiow would be reduced,

The scheme would be expensive but the
channel could supply water to better
50ils along the western fringe ‘of the
delta (if available) and would be of
far-reaching regional significance. It
has not yet been considered in detail at
this stage of the study.

RESULTS OF SYSTEMS SIMULATIONS.

System simulations have been undertaken using
I Sé-year seguence (1931-1985) of synthetic

reservoir
viing  a

inflows,
computer

which were
model of

synthesized
the delta

Wiibrated with the current Tow-flow regime

sevailing in the Boro.
1]
§ twence and
W “'Ought periods which were experienced in the
i0's and 1940°s.
ttnt, which occurred during the two years
lHU-IBdZ,
Kturrence of enly once in
o, that if the Borg reverts
" flow regime some time in future,
Rt woyid
;rﬂ!nble to its converse.

The Tow-flow regime
through the synthesized
includes the prolonged severe

persisted

Note that a non-outflow

has an estimated probability of
250-300 years.
to & medium of
the
imoly an over-design which is

™ following criteria for system perfermance
Wt been selected:

1. Melapo.

The largest area out of the 5 000 ha
earmarked for development which can ba
supplied most years.

2. Irrigation,
Less than 203 of crops grown should be
susceptible to crop failure because of
water shortage; citrus should have a
virtually guaranteed water supply.

3. Maun Water Supply.

To be guaranteed in all years except
when there is no outflow from the delta
{once in 250-300 years),

4. Orapa Surface Water Supply.

Should be interrupted as infrequently as
possible,

Resuits of the system operation studies
are summarised in the attached table.

[=F]

Without the Project.

Little improvement if any in relation to
Present  sitwation, irrigation from
Jagoons may increase to about 200 ha,
Maun water supply to be based an the
largest lagoon to be found in the area.

b. ¥ith the Project : Maun Reservoir and
Lower Boro Improvemen®.
This system configuration assumes Orapa
Mine chooses to continue to r2ly upon
groundwater or other alternatives.

In this configuration a total of 5 500
ha could be irrigated, somewhat reducing
the average annuval area of flood molapo.
Construci ton of  Kunyere Dam  and
Reserveir would only increase the
irrigated area with another 500 ha to
about 6 000 ha.

The above mentioned alternatives, b. to
d., all include sufficient water for
Maun Municipal Water Supply, riparian
releases downstream to Rakops and supply
to Lake Ngami.

HYDRAULIC STRUCTURES.

design and
structures

prel iminary
hydraulic

Investigations,
costing  for  al}
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envisaged have been completed. The
investigations have included geatechnical
investigations of foundations and
construction materials through drilling and
laboratory tests and topographical surveys.
Main conclucions reached are that there is
sufficient cltayey material in the river beds
near propesed damsites for dam construction.
The delta is a seismically active area and
Structures must be designed to resist
earthquake loadings and possible foundation
liguefaction has been taken into account.

Structures required for Maun Reservoir would
include dams at Samedupi in the Boteti and at
Tozeng in the Nhabe River and the Thamalakane
Control Structure.

Samedupi Dam, about 8 m high, would be 2 clay
dam covered with rock (riprap, comprising
selected pieces of silcrete from the river
bed). The dam would have a wide enough crest
to allaow vehicle traffic in both directions.
In addition to a low level outlet, -four
radial gates would be included in the
structure to pass the floods without
considerably increasing the reservoir water
Tevel at Maun,

Toteng Dam would be about 12 m high to be
constructed with a clay core and calcrete
would provide supparting shoulder material,

,Hand placed silcrete would protect the
upstream face and gravel surfacing the
downstream face. A carriageway across the dam
and 2 gated outlet work would be included in
the works,

Thamal akane Control Structure would consist
of a low earth bund and a concrete control
structure equipped with two manually operated
radial gates. A crest width of 10 m will
allow vehicular access across the bund.

Designs have also been made of a dam in the
Kunyere just upstream of its confluence with
the Nhabe River near Toteng. The dam site is
not ideal because of the depth of sand
overlying clay layers in the river bed
requiring a cutoff of 12-14 m deep slurry
trench filled with bentonite.

The height of the bank in the river bed would
be 11 m to 12 m reducing to about 5 m across
the left bank terrace and to 3 m on the right
river bank,

Kunyere Reserveir would be connected by means
of an open channel with Maun Reservoir. A
gated control structure would allow control
of flow in both directions and to the Lake
Ngami irrigation area.

Several other structures have been design
to feasibility study level including gatee
bund structures for the Xudum/Kiri cross.
channel and the Xasanara diversion structure
on the Boro River. )

Detailed design and contract documents haw
been prepared for the \Lower Borec River
Improvement works, including 36 km of
enlargement and channelling of the Lower Bory
River,

In accordance with the Terms of Reference,
surface water supply for Orapa was assessed
in less detail., Investigations showed thati
dam on the Boteti River would be feasible. An
8 m high dam would be sufficient, and could
be constructed with a . ¢lay core . with
calcrete supporting shoulders. An outlet pipe
and radial gates to pass the floods would be
included in the works.

Because of the extreme flat topography
between Rakops and Mopipi, a gravity supply
canal cannot be realised. Water would have to
be pumped from Sukwane Reservoir through a
pipeline to a small holding pond at Mopipi
and from there through the existing pipeline
to Orapa. Other options were considered but
proved to be more expensiva,

{ost estimates have been prepared for the
verious works considered:

Million Pula

Samedupi Dam

‘Toteng Dam

Thamalakane Structure

Lower Boro River Improvement
Xudum/Xiri Warks

Yo Flats Development

Kunvere Dam and Channel

L BRL LU LT FURY ; Y o N N
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Surface water supply to Orana would be more
axpensive:

Million Pula

Sukwane Dam 4.7
Pumping Station and Pipeline 33.2
to Mopipi
. 38.2 million

If Orapa mine water demand doubled in about 5
years' time, another P 14.3 million would be
required to increase the size of the
pipeline. A pipeline from Samedupi Dam to
Orapa would cost in the order of P 95
million. The above cost estimates do not
include compensation costs for land use lost
duee to flioocding in the reservoir areas which
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is estimated at p 1.5 million for Maun

Reservoir and P 2.2 miltion for Sukwane
reservoir,

ECONOMIC EVALUATION

Various costs have to be compared with
benefits, which comprise agricultural
benefits, fisheries, tourism, Maun water
supply, Orapa water supply and a number of
intangibie benefits, e.qg. increased
regularity of supply to Lake Ngami ,

The agricultural benefits included in the
first instance are the agricultural vajye
added from an average of 3 200 ha flood
molapo, 1 000 ha broad area irrigation, and
300 ha vegetables and citrus.

Reservoirs would allow for fisheries tg be
developed on a commercial scale and tourist
growth would accelerate in the Maun area.

Surface water supply to Orapa would have two
main advantages, 1t jis expected to be cheaper
than groundwater in the Tong run and would be
available for most of the economic 1ife of
the mine, whereas the presence of adequate
groundwater has stili to be explored.

Maun Reservoir alone would worsen the present
sttation of supply to Orapa and as such its
t0sts would exceed the benefits. For Maun and
Sukwane Reservoirg together with the economic
rate of return is calculated at 13.6%, and at

1.9 when the Lower Boro River Improvement
¥orks are added.

M increase in irrigation area to 4 000 ha
wuld reguire the Xudum/Kiri or Xo Flats
development and would have a rate of return
of 112, However, the expected drop in market
prices at Maun would imply that irrigated
wriculture would financially be vnattractive
W farmers or the Government would have to
Swesidise broad area crop production under
Irrigation at an estimated cost of p | 000
per hectare per year.

RELININARY CONCLUSIONS

sed on the reported findings the programme
i development would appear to be:

= Construct Samedupi Dam, Toteng Dam.
Thamal akane Contro] Structure,

- Promate improved flood molapo farming in
Boro/Shorobe area. .

- Promote commercial irrigation of high-
value  crops, such  as  citrys and
vegetables, to the limit of profitabie
marketability, e.g. by smallholders under
Co-operative management.

- Allow development of large-scale
commercial irrigation up to about 1 000
ha adjacent to the reservoir. Continue
investigations in other parts of Botswana
to locate more efficient areas for targe-
scale production of broad-area crops,
i.e. " more fertile s0ils . with Jower
production costs.

-~ Investigate technical feasibility and
socio-envirommenta) impacts of Sukwane
Dam in detail,

- Investigate alternative suppty  from
groundwater for Orapa mine.

- If no adequate groundwater alternative,
construct Sukwane Dam  and pipeline to
supply Orapa and implement Lower Borg
River Improvement Works.

- As  agricultural production increases,
examine feasibility of processing
facilities such as grain mills, oit
crushing plant, and vegetable processing
in Maun. where appropriate, encourage
such facilities.

Al in all, a cautious programme for
develapment of the Southern Okavange water
resources is pProposed. Projects which may
turn out not to be of benefit to the pation
and the region, e.g. large scale irrigation
on thousands of hectares in the Maun area are
not recommended. A country cannot become
self-sufficient in  food crop  production
overnight and the risk of failure should not

readily be accepted unless no other argas
with better soils are available in Botswana,
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PAPER 10 : DISCUSSION

OKAYANGO WATERS - How do we use it best - MR.
S. RAADSMA

C. MOLOSIMA - Department of Water Affairs

My first question concerns seepage, does it
vccur and on what scale is water lost into
the groundwater system around the Okavango,

Secondly, with regard to the Shashe
boreholes; 3 Study conducted by BRGL
concluded that these borehote levels would be
Towered 1f the Shashe River did not flow for
2 years. This indicates some hydraulic
continuity between the preduction boreholes
and the Shashe River, [n that case, what is
the scope for the artificial recharge of this
wellfield by the transportation of water From
the Thamaga River?

On the subject of dams, will these affect the
water supply of settlements downstream and
have pravisions been made to overcome water
shortages, should they arise?

S. RAADSMA

Your first question refers to the lpss of
water from the delta to groundwater, Studies
conducted in the 1970's
recharge of groundwater from the delta could
be shown -tg occur., There have been
suggestions that some water may move through
the groundwater system along folds, either in
4 northreastern or south-western direction.
However, figures now avaitable for the water
balance of the delta indicates that mast of
the less from the system is due to
evaporation and gvapotranspiration with very
littie loss to groundwater.

On the question of the Shashe wellfield, I
think I am correct in stating that wp to 150
m  per borehgle Per day can be produced
without any recharge for 2 years. Four
boreholes are in production which brings the
total capacity which can be taken from the
Shashe wellfieid at 500 m° per day. At the
present time, water {s pumped at double that
rate; which has resulted in 4 considerable
draw-down and causing much concern. As the
Shashe River did not flow last year, there
was very little, if any, Jlocal recharge.
Upstream 1in the Shashe valley there is5 a
natural sill which effectively prevents
surface flow from the river towards the
wellfield, The removal of this 5111 could be

indicated that ng

considered and this would probabiy enhance
recharge of the downstream wellfields.

In answer to the guestion about the effect
of dams on downstream water supplies; our
simulation calculations include 42.5 miltion
m’ to bring the flow at least past these
downstream villages. So, there should not be
any lack of water in the downstream area
although there will not be sufficient water
to bring to the HMopipi swamps.

D. PARRY

Having worked on the Okavange Water
Development Project, 1 realise that the Terms
of Reference restricted us to the southern
end of the delta, but I would like to make
the following point: Mr. Raadsma refers to
the instability of the delta channel and its
water flows and the possibility of a channel
from the top of the deita. Recent research by
McCarthy et al and Ellery and Ellery an the
deita functioning and sedimentation, has
indicated that sedimentation is the main
determinant of the hydrological regime and
therefore the ecological functioning of the
defta. The only area with a chance of long
term stability of more than 100 years fis
found at the top of the delta, It therefore
appears that the removal of water above the
delta would be a sgunder development and
probably ecologically preferable to that of
taking water from the bottom part. Ancther
plant ecologist, Biggs, in 1979 did a s tudy
of the Okavango Delta and came to the same
conclusions. Why is not more emphasis placed
on this means of utilizing water in the delta
rather than continualily discussing
manipulations of water at the southern end?

CHAIRMAN

The water is required at the southern end of
the delta. The cost of transfer by canal or
pipeline from the panhandle would
approximately equal Botswana's current annual
water develepment budget and is thus not a
realistic investment at this moment in time.
At present, therefore, we are looking to the
peripheries of the delta where, hopefully,
our interventions will  have as little
environmental i{mpact as possible although
recent researches have indicated that some
impacts will be more serious than were first

anticipated.

M. MAINE

Has the possibitity of purchasing water from
2 neighbouring country been considered?

109




ey

%

CHAIRMAN

The subject of major transfers of water is a
very long term issue resulting in a mammoth
undertaking costing billions of pula. The
international discussions could take many
years to resolve. It is hoped to do a pre-
feasibility study of the pessibility of a
major transfer of water either from the
Chobe/Zambezi and/or the Dkavango in the near
future.

I. MUZILA

The Qkavango Delta is a source of water that
tan possibly be wused for development and
other human needs. The result could be that
all the water from the middle of the delta
would be drained by man-made canals flowing
from the middle of the delta directly to the
industries. It is crucial that measures be
taken to maintain the lower fringe channels
and thus conserve the delta area as tourism
generated in the Okavango Delta region is of
importance to the Botswana economy.

[}

5. RAADSMA

Envirommentalists are carefully moni toring
the proposed channel of +the Boro River
Improvement Works to ensure that it will not
leave a scar on the landscape. This is why a
direct channel or dredging has not been
proposed; instead there should be some
clearing and entargement of the existing Baro
River. As the environmentalists will not
3llow any further advancement into the delta,
it is wunlikely that a channel will be
dredged from the lower Boro River to the
panhandle in the foreseeable or even in the

uvltimate future. The idea of a by-pass
channel 1{s attractive, but it may have
envirommental impact complications which

would have to be considered. Tourists are
visiting the area more and more and there is
a2 greater danger from an overflow of tourists
than from destruction of the delta by an
outflow supplementation scheme.,

I. MUZILA

The delta appears to be shrinking. Forests
are developing in the north-eastern regions;
papyrus is invading the Gomoti River and the
Mboroga River is almost dead. Why cannot the
flows in these non self-flushing channels in
the lower fringe be restored?

CHATRMAN

At present there is a flow restoration
project being impiemented, funded by the
Netherlands governmenit, _for which we arve
extremely grateful. The aim of this project
is to restore the flow of water to the Malopo
area and to the flood recession farming
regions in the Gumare area.

As Mr. Parry earlier pointed out, by its
nature of being a delta, the channels within
it are not stable. These can be improved, but
may require continual improvement becavse the
delta is such a dynamic system and this is
what makes the hydrology so complicated.

DR. PATTISON

There appears to be an inevitable pattern
developing, in so far as after the
Construction of the Maun reservoir, followed
by improvements to the jower Boro, as water
demands  increase for new devel opments,
inroads will be made further and further into
the delta resulting in a channel through the
middie. We think this gradua) progression is
almost foreciosing other options and we also
feel that ¥t is 2 rather blinkered approach,

M. TAADSMA

The Terms of Reference of this study clearly
indicated that the Government of Botswana
does not want to interfere with the permanent
swamps unless it is an absolute necessity and
environmentalists, will have the last word in
the total overall advice Lo the gqovernment,
Fears have been raised that the engineers
will proceed quietly from one step to
another, but ] am convinced that the
Department of MWater Affairs for the
Government of Botswana, and the people of
Botswana, are realistic enouah not to take
water at a1l costs and certainly not at the
cost of damaging the delta. The Okavango is
the only remaining inland delta in Africa and
there are very few such deltas in the world.

M. HATTLE

To put things into perspective, what are the
swamps worth per year in terms purely of
potential tourist income,

Secondly, if development and extended use of
the swamp water is envisaged, this can
obviously be done more effectively and
efficiently if there is some kind of pre-
warning of expected flows. Is there any
liaison between the Angolan and Botswana
Governments in terms of floods and rainfall?




S. RAADSMA

The value of tourists 1in the delta is
approximateiy 40 million pula per annum.

CHAIRMAN

With regard to your second question, efforts
have been made to make contact with Angola
through SADECC on 2 number of occasions and
although there are regular meetings on the
energy sector, there has not been any success
as regards water. For pre-warning on floods
and rainfall, we are dependant on a
permanently manned gauging station at Mohembo
which is in daily radic contact with Maun,

P. LARKIN

The problem of changes in the distributory
patterns was mentioned earlier. In the
1€30's, the Boro was not an active river
channel - a suggestion was made to block it
of f to prevent wasting water in that area. If
an investment is made in a dam at the end of
the Bora, an associated water demand will
develop, what if the Boro abandons that
channel? Must the Boro be re-opened, or
shouid the investment not be made 1in the
first place?

5. RAADSMA

Qur discussions have not inciuded a dam on
tha Boro; we have considered a dam on the
flotati, the main outfall of the delta. This
dam would catch any outflow coming from the
Themalakane. | have alse mentioned chanaes in
flow regimes in the past and in the future.
The Gamoti is a dying river; it is possible
that flows in this river and in the delta
#ili change again. Should this occur and the
Gomoti flows into the Thamalakane, the Maun
reservoir will catch this outflow without any
cost,

R. SEXWALE

.f foes seismic activity in the area contribute
3 15 an element in the proposed dam
tonstruction and how does this affect c¢osts?
Me the possible effects of such seismic
ativities considered in the long term, for
eaample, if the delta were to be tilted and
the water reversed its direction of fiow.

i
|

5. RAADSMA

Seismic activity has been taken into account
in the preliminary dam designs. Such activity
is strong; two years ago there were 82 very
minor tremors in the Maun area and this was
considered in the design of that dam. Because
of possible liquidation of sands beneath the
dam, certain stabilizing features must be
incorporated in the design, e€.g. the dam must
have a wider footing. The cost of such
modifications are perhaps in the order of
one-quarter to one-eighth of the total dam
cost.

In relation to the second part of your
guestion, perhaps the water wiil run
backwards, but all water will flow to some
base. '

H. HUNTER

For the Master Water Plan, it is important to
realise that the Okavango Delta is unique and
not only from environmental and ecological
aspects but also because it is the one area
in Botswana where it is very difficult to
disentangie water and land resources. An
integrated management pian must be devised
which will determine how the area is utilized
and how the water is used. I believe this to
be the role of the various ministries such as
Water Affairs and Local Government and Lands,
who must integrate government policies with
propar mansgament of the facility, The
Ok avango Delta accompdates not onty
irrigation, but also tourism, ecological and
environmental concerns and this must be
recognised at the outset. The master plan
must not only highlight these different
facets of the Okavange but also reflect
their intricate interdependance.
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