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FOREWORD

FOLLOWING a suggestion made by the Colonial Office in July 1945,
Professor Frank Debenham paid a six-months visit to Northern Rhodesia,
Nyasaland and the Bechuanaland Protectorate, to survey the water
resources of those territories, and in the accompanying report he reviews
the existing position as he saw it and furnishes his recommendations on
problems which appeared to him to be of particular importance. On his
journey back to the United Kingdom he was able to pay short visits to
Tanganyika and Kenya, and his report contains short chapters referring
to the position in those territories and in the Uganda Protectorate.

The report throws much light on a subject which is likely to be of
great importance in the future to the Governments of the territories con-
cerned, and about which relatively little has hitherto been written. The
report has still to be considered by the Colonial Governments, and must
therefore be regarded as merely expressing the personal views of an
acknowledged authority on this particular subject.

COLONIAL OFFICE,
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D ‘e sake of simplicity the recommendations in the body
report may be classified under the heading of General

I _ articular. Of the latter some relate to specific problems,
Hydm " (Tri 1 up Lo major and minor, while others concern methods of treat-

ire River 1o Mmc!m which may be common to any or all of the Territories,

GENERAL RECOMMENDATIONS

r a great part of the African plateau the rainfall is
quate in amount but awkward in its scasonal incidence,
He object of much of the development of water resources
t therefore be to conserve or at least delay the run-off

A, Litonows, Savmva

’ L_' Nyasa (Survey ng the dry season. The means recomumended for
¢ River) hieving this aim include the encouragement of indigenous
rest, the placing of cheap check-weirs at the headwaters of
eams, the gradual introduction of village-scale reservoirs
d the treatment of damboes (marshes} so as te reduce the
ODESJA s by evaporation.

he emphasis is on the small scheme of conservation rather
than the large, on construction work carried out Jargely by
ocal African labour rather than by contract, and on the
nculcation of a sense of responsibility towards water supplies
n the part of the African pative authorites.

An ideal village project is outlined as a basis for such local
chemes. These are, on the whole, long-term measures, and
can comte into being only slowly, The short-term plans for
Irilling and well-sinking in each territory are fuily supported,
ut suggestions are made as to using a small and mebile type
f drill for reconnaissance work i siting bores.

For sandy or alluvial country the use of a jet-drilling outfit
:in a mobile form is strongly recommended, as also is the idea
‘of horizontal jer-drilling into water-bearing sands and alluvial
anks. Suggestions for the treatment of “sand ™ rivers are
ade in the text and in an appendix. This form of conserva-
on of the slender supplies of arid and mainly pastoral
istricts is considered to be of prime importance, deserving
rong encouragement. For areas of higher rainfall the im-
ortance of the dambo as a natural reservoir is underlined
and suggestions as to their treatment are collected in an
appendix, Methods of improving the yield of springs by
simple and local means are treated fairly fully. On these
minor points the aim has been to describe those which can be
undertaken by settlers without any engineering knowledgc
and by native groups with occasioral superv:sxon by a
technical officer or by a district officer,

* The need for more data as to water resources is very great
and recommendations of two kinds are made with this in
ew, The actual observation of rainfall, river discharge,
can be carried out fairly casily by residents, either
fAcials or settlers, and a pamphlet describing such observa-
s was written for the Northern Rhodesian Governiment,
hich has printed it. This has been made available to the
Governments of other territories.

For major projects it has been the rule thar visiting
cengineers have had either to carry out elementary reconnais-
sance surveys themselves or to make wide assumptions before
drawing up their recommendations. It is suggested that for
uch projects this waste of a professional expert’s time can be

,—1

o Chambes; Cr‘om'rzg)

{RITORY

ug N gorongoro en

ANDA

t. Scott {Kitui, Embuy,
s Archer’s Post Garba
Thomson's }"'zlls

4. (Kampala, Entebhe
3, Fort Portal)

t with Col. And
ake Chala) naerson

SUMMARY OF RECOMMENDATIONS

avoided by encouraging small expeditions of junior engineer-
ing, geology or geography students to make the reconnais-
sance surveys of a hydrological type.

PARTICULAR PROBLEMS

Certain major problems concerning water were given special
but brief priority.

Nyasaland. The cause of the “cyclical” rise and fall in
level of Lake Nyasa receives fult treatment. The problem of
remediai measures has been undertaken by expert engineers
and this report does nat contain recoremendations under that
heading. Certain supplementary measures are outlined,
however, which are not alternatives. Similarly the control of
the Lower Shire River has been fully reported on by Mr.
A. E. Griffin and such. recommendations as appear in this
report for that arca are supplementary to his findings.

Northern Rhodesia. The periodic flooding of the Bang-
weulu Swamps was the subject of a ten-day tour, and theories
as to its cause are outlined in general terms. A fuller recon-
naissance survey is recommended and a programme for such
a survey is fully set our,

Improvements to navigation on the Upper Zambesi were
examined in a brief trip. The substance of a special report
on this visit is included, but in general terms only, since a
further and much more thorough investigation by pro-
fessional engineers has now been communicated to the
Colonial Office.

A projeer for the development of hydro-electric power in
the Gorge of the Kafue River is described with a strong
recommendation for an engineers’ survey. The fully surveyed
scheme for the Kariba Gorge was seen, and it is important
that the alternative Kafue scheme, which is likely to give
much cheaper poewer, should be examined before it is too late,
Kenya. The development of the watershed of the Uaso
Nyiro River reccives some netice. The recommendatons
made are supplementary to those of Dr. Dixey in his earlier
report on the Northern Frontier District; they relate to the
possibility of piping supplies for watering points.

In the Taveta district certain recommendations concerning
the reclamation of irrigable land at Lake Jipe are made, also
an outline scheme for the use of the large body of water in
the crater lake of Mount Chala.

TRAINING FOR WATER CONSERVATION

Strong recommendations are made for establishing courses
of training for Africans in the simpler constructions required
for water development. The psychological value of a measure
of self-help concerning water supplies is stressed throughout
the repart. An outline of the scope for these training courses
is given in the section on the Bechuanaland Protectorate.

The value of demonstration schemes in the treatment of
water is underlined, provided that arrangements are made for
Africans from other but similar areas to see the demonstra-
tions. The suggestion is exactly analagous for water to what
is already done for agriculture.



INTRODUCTION

THIs REPORT contains a broad survey of the water resources
of less than one-sixth of Africa. It examines in outline the
general problems of development of those resources and
occasionally plunges into detail on special metheds of atrack-
ing those problems, or on individual projects.

It would be easy to regard that as the whole object of a
pleasant eight months’ visit to those somewhat remote
corners of the Empire, but it would not satisfy. No one can
regard the development of resources from the narrow view-
point of immediate and local benefit alone, ieast of all should
a geographer, since he is supposed to be able to view the
world as a whole. Planning on any scale must have its proper
place in the world setting or it will merely repear the mistakes
of the past, mistakes which by encouraging prejudice, or
breeding jsolationism or cut-throat competition have helped
to make the first half of the Twenticth Century so gloomy
and so ominous for the future.

1t is obvious that these who called for this report had the
broader picture in mind, and it wilt be as well if the readers
also, some of whom will be called upon to guide this develop-
ment, should share that picture and be fully aware of its
background while they themselves are painting the detail into
the foreground.

Leaving international problems of the pelitical type out of
the question for the moment, there are two basic facts in the
world today which are vital. They are a rapidly increasing
warld population and a serfous lag in the production of the
basic needs of that population, food in particular. No amount
of political bargaining will alter those fundamental facts and
there is no ultimate remedy except a drive for increased pro-
duction and its corollary, improved methods of distribution.

The trend towards this state of afairs has not passed
unnoticed. One has merely to instance the writings of Sir
John Boyd Orr and Sir Alexander Carr-Saunders, to quote
only British abservers, but the world as a whole has perhaps
been taken unaware and is at the moment feeling rather
frustrated and confused in consequence.

The immediate reaction is for the more fortunate parts of
the world to make sure of their own food supply and control
of immigrant pepulation, but the ultimate effect will have to
be world planning and development on a2 continental scale.
Nor can this world production be based on world philan-
thropy, for there is as yet no such thing except in the minds
of the few, and it will have to be planned in the main upon
the general economics of supply and demand, on barter in
the widest sense and in spite of bickering ideologies and
occasional narrow naticnalisms. We must take the world as
we fing it, because we are in a hurry, and do the best we can.

The first step is awareness of the position, and an under-
standing by the man in the street, who ultimately votes for
or against this development, that the plea for United Nations
action for peace; for food, for the “ securities ' in general, is
not just idle theory but a prime necessity if disaster 15 to be
avoided. He must be wld in blunt terms that the population
of the world has increased by more than 25 per cent since this
century began, that the present world food shortage s not

just the result of the six years of war, and that the under-

nourishment which he himself is beginning to feel has been
chronic in many countries outside Europe for centuries. He
must further be told that it is the white races alone, and
particularly the Anglo-Saxon peoples, who are not increasing
in numbers and be reminded sharply that Englisk-speaking
peoples comprise both the United States of America, the
richest nation in the warld, and the British Commonwealth
of Nations, which is spread throughout the world,

If he is to be frightened in this way by a vision, all too real,

of the hordes of Asia increasing and food supplies falling
behind that increase, the man in the strect should also be
comforted by the reflection that there are still undeveloped
spaces in the world and that these are to 2 large extent con-
trolled, cither actually or economically, by the two nations
which hitherto have shown by practice as well as precept
the best appreciation of the situation, the British and the
Amecricans, closely followed by the French,

It is the Northern Hemisphere of the world which is
experjencing these pressures and shortages and where satura-
tion point in many parts is rapidly approaching. In the
Southern Hemisphere, Java alone is about to suffer in the
same way, as a penalty for providing the most alarming
instance in the world of rapid increase in population. Partly
owing to her favoured climate and soil, but more still to a
beneficent rule by a European nation, she has multiplied
tenfold in little more than a centary and doeubled her popula-
tion in the last fifty years. It is the Southern Hemisphere
which contains most of the spare land and it must therefore
assume the duty of assisting the Northern.

Broadly speaking, one might call Africa and South America
the subsistence continents in the sense that over the greater
part of their area they are providing a living for their own
inhabitants and not much more. This s less true of the
temperate zones of those continents than of the tropical and
subtropical, where it is hard-to refute the allegation that those
are the * take-t-casy " parts of the werld. Tuis there that, on
the whole, the inhabitants find subsistence level casy to reach,
especially since Furopean administration or infiltration has
mollified their worst ilis, tribal wars, disease and backward
practices. There, too, lies isolationism in its most proncunced
form, independence of the rest of the world for the basic
needs. Ithas indeed been the policy of most of the administra-
tions of these areas to preserve the countries for their own
population, to keep them free from immigration and economic
struggle,

A time of world need has now arrived when that policy
must be reviewed, when no people can be allowed to be self-
sufficient and nothing tnore, when in the interests of the rest
of the world they must be induced to join in the drive for
production, It is a pity that it should be so, that a change of
tempo if not of outlock should be impressed upon the
established system of trusteeship, protection or temporary
occupation which is characteristic of several of the preat
nations in their tropical dependencies.

This regret must apply in particular to the British rule in
Africa which, in spite of wilful misunderstandings by other
nations, has set an example in the treatment of backward
peoples which is entirely new in world history. That example
will endure but it must develop, for world pressure is
imminent. The nation has already reversed Cecll Rhodes’s
concept of empire as heing based upon * philanthropy plus
5 per cent return ™ into “ philanthropy which will cost 5
per cent, with little prospect of any return”, The principle
behind the Colonial Development and Welfare policy
remains, but it must ke on a new aim as well—namely,
progress in production for a world in need.

To admit, as we must, the cxistence of this external pressure
of world events upon our colonial empire does not involve
any real change in policy, but it does mean a tnore rapid
implementing of our policy. Such changes as will be
necessary are more in the nature of stronger directives to the
native peoples. Unfortunately the world cannot wait for them
to choose slowly whether they will join in the productien
market beyond subsistence level, whether they elect to be
citizens of the world as well as of Africa. Guidance need not




;cive in any unpleasant sense, but it will have to be
ect than in the recent past until the African himself
tes the benefits of coming fully into the world system
. Itis not only that he cannot afford to remain outside
istem, but he will come into it with several initial
ges, such as cheap land, reasonable water supply and
¥:| _crop-growing climate, which are ata premium in other
f-the world, and these gifts can be offset against his
‘hackwardness, his difficalt communications and his
low standard of hcalth. Under proper guidance he
ldmately claim a very respectable place in the statistics
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imsigration from the crowded sections of the world
d be fatal and would not afferd any real remedy for
sangeston.

he immigration of capital is another matter and does not
iire earncst thought. Capital is essental where large-
projects are concerned. There is no reason why judicious
ning should not enable capital o secure the returns it
t have as inducement and yet advance the welfare of the
icans at the same time, Naturally the administration will
e better terms with capital than in the past, when con-
sions were made for purposes which seemed justifiable at
e time but were apt to grow out of harmony with pelicy
er on.

This bricf outline of the position of Africa with regard to
rld tendencies must suffice as preface, Tt need be taken
either as a warning nor as a threat, but it must be an ever-
esent background to cur consideration of water resources,
ich are one of the several prerequisites to the increased
rodaction for which the world is calling. We may define
s production as mainly that of raw materials if we include
cod in that category, and though water resources do include
ossibilities for industry that is not the first need, except for a
rtain amount of processing of raw materials.

‘Most of the raw materials and all foods are biclogical
roducts and have a dircct relation to such things as the area
f land available and the water supply which can be applied
) that land. This relation is not altogether responsive w
athematical calculation, though in a thoroughly surveyed
untry such as England it is possible to caleulate the total
roductive capacity. In Africa there is a number of factors,
ch as the varying character of the soils for instance, which
impair any estimates of this kind, Yet some such estimates
ust be made as the different types of survey are concluded,
which that of water resources is but one, and these will
have to be based on the very comphicated relation between
area of Jand available on the one hand and such factors as
water, labour, trensport, etc., on the other.

“In the meantime we can say at once that Africa has already
he potential ability o preduce far more per head of popula-
fon than it needs for its own use, and could continue to do
0 whilst keeping pace with its own expanding population. Tt
s in fact so far from saruration either in population or in
roduction that the cyes of the Northern Hemisphere are
aturally turned upon it as a potential source which is not
eing developed at a rate commensurate with the world’s
emands upen it.

“Lord Hailey, in his “ African Survey ”, has pointed out
hat Africa’s share in world trade is very small, being about
er cent onlv for the continent south of the Sahara, whereas
s population is well over 8 per cent. [ts production is in fact
bout the same as thar of Oceania, which has only one-half
£ 1 per cent of the world's population,

Such comparisons, while they are impressive, are not con-
usive; in other words there are many reasons for Africa’s
mall share in the past, some of them being incontestable.
Nevertheless the broad conclusion of *African Survey * is
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that development has been slower than necd be, and that lack
of knowledge combined with a measure of indifference have
been two causes of the delay. The survey itseif began to
remedy the first and pow the sharp reminders of war and
world shortages are removing the second.

Such are the fundamental reasons, or some of them, for a
closer survey of water resources of a portion of Africa. The
raw materials and food which are the basic shortages in the
world at preseat are, in the last analysis, the product of the
soil, sunshine and water. Africa has land and sunshine 1o
spare, the question is whether she has the third essental in
sufficiency and available at the right place and season. The
answer of this report is that potentially she has the necessary
quantity of water, but that without artificial aids it cannot
be used with full efficiency, since much of it is awkwardly
placed as to both scason and locality, Labour and capital are
thercfore needed for the development of the water resources,
with adequate planning and supervision,

It is impossible to resist the conclusion that lasting benefit,
both to Africa itself and to the world, can only come if 2 fair
and reasonable combination of those three requirements,
Labour, Capital and Direction, is arrived at in the general
plan. Labour must come from the African himself and he
must have due rewardd and a sense of partnership. Capital
must, for the present, come from external sources, mainly
European, and it must get its dividends, whether it be public
or private capital. Direction must remain in the hands of, or
be fully controlled by the administration, and it must in the
end be paid for by the production.

Such tripartite division of effort and responsibility is
nothing new, and there are many examples of it on a smaller
scale, examples providing experience with which to avoid
the pitfalls and misunderstandings which beset the path.

The main responsibility lics upon the Directive zuthority,
for it is that which invites the co-operation of Labour and
Capital, and its first task is to acquire the information and
draw up the plans. For that task it has the aid of the Celoniai
Development and Welfare Act and it is as well that readers
should credit the eriginators of the colonial development
policy with wisdom and foresight. At a time when much
publicity was being given to “ Five year plans” of other
nations our own authoritics were quietly conceiving a scheme

which is only now being tardily understeod. First there were
broad appreciations of the possibilities, of which *‘ African
Survey ” was the outstanding example, Then there were
more particular surveys in great number, of which this report
Is but one, and many more are due. Welfare and develop-
ment have long since been started in parallel with such plans,
and the British taxpayer has, perhaps unwittingly, already
contributed rowards great and promising advances in Afriea.

Throughout the territories there is an undercurrent of feel-
ing as between Burcpean settlers and Africans on the question
of the occupation of land and consequent use of water
resources. This feeling js practically absent in Uganda but
reaches an unfortunate climax in Kenya, and since it affects

the plans for water development, it requires some mention in
this report. It is an admittedly difficult subject, and not one
for detailed discussion by a visitor, nevertheless its reper-
cussions upon a water policy may be profound.

From the point of view of world progress and the general
opening up of Africa to play its part in world affairs, the case
for General Smuts’s conception of a backbone of white settle-
ment in Africa is a good one. Where there is a fair field and
ne discriminatory legislation there can be nothing funda-
mentally uncthical in such a juxtaposition of white and black
occupation, and probably Africa would be far more backward
than it is were it not for the pioncer settlers who have
indirectly as well as directly advanced the native attitude to
progress considerably if but slowly. In any case the process
of establishing a ridge of white settlement has gone too far
now to be recalled, so that policy must concern itself in the
future with demarcating privilege rather than allotting it.



Sooner or later such privilege will include water resources
where now it mainly concerns land. There can be few clashes
of interest over small schemes of conservation and irrigation,
since, as the burden of this report attempts to prove, any
development afong such lines makes for the improvement of
the country as a whole and downstream inhabitants from the
white occupied uplands should benefit considerably. Schemes
on the large scale, which are bound to come, are in a different
category, since they are liable to deny water to downstream
inhabitants in some degree cven when compensation water is
allowed for. On the other hand since, in most of the terri-
tories, the lower lands are in the occupation of natives, it is
they who will benefit most from such schemes provided that
the dual or tripartite principles mentioned above are followed.

10

The case 15 less simple where the amount of water availal
is limited or where tapering rivers are concerned, as in th
vicinity of the highlands of Mounts Kilimanjaro and Keny
which are considered more fully in their respective section

A certain amount of redistribution of population is calle
for in various patts of the Territeries, and fortunately
African is not steadfastly averse to such mass movin
provided that the beneft is clearly demonstrated and that
is handled with care. The great hindrance to a reasonabl
distribution of population is the presence of the tsetse fly
belts otherwise available, particularly in Tanganyika Terr
tory. Research on that problem is possibly the most importan
of all the prerequisites to a more satisfactory occupation o
the spare lands of Africa.
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fIIPORT ON THE WATER RESOURCES OF THE BECHUANALAND PROTECTORATE
ORTHERN RHODESIA - THE NYASALAND PROTECTORATE - TANGANYIKA TERRITORY
' KENYA AND THE UGANDA PROTECTORATE
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PART 1
THE GENERAL PICTURE

one tropic to another and back again each year. A strict
climatologist would not care to ascribe the rainy season so
directly to the overhead sun, but for our purpese we may
assume the connection, however indirect it may be in fact.

circumsTances and the needs of the territories of Central
d Fast Africa are sufficiently diverse to require a separaie
ction for cach one. Yet there are several factors of general

accupation of

p[ication which may be reviewed at this preliminary stage
a3 to form an outline sketch of their common background,
¢ is hardly necessary to add that the development of water
esources depends at least as much upon this background of
hysical, économie, social and even political factors as upon
their actual abundance, .

“We are dealing with a section of Africa which, except in
ertain localities, is but littie past the pioneer stage, where
development is nearly all to come and where a wise choice
s to the direction of such development can still be made.
Yet, if the field of opportunity js wide the burden of respon-
-sibility is heavy, for we have, even in Africa, warnings of
“countries where hasty and individual develepment has
- brought disaster, where marginal lands have become desert
and rivers have ceased to run, or where present profits for
the few have ruined the future prospects of the many.

On the other hand, there are shining examples, again in
Africa itself, where a wise foresight and a bold policy have
tarned. desert into garden and brought both prosperity and
unity to communitics which had never before dreamed of
the opportunities at their door.

- development, yet we must carefully note the differences in
aim, in climate and in people before we speak glibly of
T-V.A. or Murray River schemes. If analogies are to be used
they must be chosen with care; China and India should be
more readily quoted than the large temperate countries, and
even there the basic differences of race and intelligence must
be emphasised.

Whilst on the subject of warnings we should recall that the
engineer, although he is perhaps more responsible than any
man for the water development of the pioncer countries and
has indeed changed the face of Africa already, is not the only
man to be called in to plan. His training and his outlook
enzble him to perform miracles with nature, but it is man
who is to benefit and only the student of man, the admini.
strator, can be the final judge of what should be done, For
that he must weigh the advice of many other specialists
before he calls in the engineer, and amongst these are the
economist, the physical geographer and the social anthro-
pologist.

Fortunately for the pace of progress there are administrators
who combitfe in themselves seme of these specialities, who
can see the picture clearly and as a whole, but they are rare.
For the rest of us there must be drawn some general outline
of all the factors which control this fair ficld of opportunity,
even though each of us, according to his outlock, will lay
emphasis in different places.

THE CLIMATE

Ranging as they do from 5°N to 25°5, the territories with
which we are concerned experience what is usually, and
somewhat loosely, called a * tropical * climate.

The term is misleading in so far as it calls up a picture of a
climate dependent mainly on latitude, whereas, as we shall
sce, the effect of other factors, such as relief and aspect,
constantly overrule the influence of latitude.

Yet, subject to these more local factors, we may expect the
tendency of the tropics to be present, namely a rainy season
lagging somewhat bekind the sun in its apparent path from

From other continents we have much to learn in water.
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It means, of course, that wwards the Southern Tropic,
that is to say, for Bechuanaland Protectorate, the Rhodesias
and Nyasaland there will be only one rainy season. Nearer
the Equator there will be two rainy seasons, often called
the *“ Long Rains ” and the “ Short Rains ™', and these affect
the East African territories.

Accordingly we shall expect to find that in the more
southern of our six territories the real difficulty is to bridge
the long dry season by conserving the water received in the
other part of the year. In the East African terrivories this
difficalty is rarely so pronounced.

Besides its connection with the passage of the sun, the rain-
fall is associated with the oceans and their prevalent winds.
Broadly speaking we may say that the Indian Ocean affects
in dominant fashion the rainfall of the intermediate four
territories, while at the extreme ends the Adantic effect is
appreciable,

So we find that Bechuanaland (and the south-western part
of Northern Rhodesia) shares the dryness of the west-facing
desert belt, characteristic of all continents in that Jatitude.
Similarly, Uganda benefits from rainfall which in past
appears to come from the Atlantic air cireulation as well as
from the Indian Ocean.

The particular aspect of Climate with which we are con-
cernedt 1s the Rainfall, the ultimate source of all fresh water,

No one who knows the drier parts of the United States or
Australia can fail to be impressed by the total fgures for
rainfall in these African territories. T hey are, for the most
part, well rained upon, if not always well watered. Tt is true
that the total amount of rain falling in a year is, for man’s
purposes, far less important than its frequency and its seasonal
incidence. In other words, the critical factor is the length of
the dry season rather than the intensity of the wet season,
Nevertheless, in an enquiry of this kind it is instructive 1o
find eut the total amount of water which falls on the land,
however ill-distributed it may be throughout the year, That
is the ultimate source of our water and if it is really deficient
no amount of ingenuity wiil turn it into a water resource or
fund upon which to-draw,

For such a calculation the number of rainfall records in the
territories is inadequate both as to distribution and number
of years. Consequently the figures quoted below may be as
much as 20 per cent in error, but even so they give an
illaminating result, We can give them here in such a form
as to provide a picture of the quantities with which we are
dealing.

Thus, for all the territories together, the depth of water
falling on the surface in the year averages about two feet,
ranging from over three feet in wet Uganda down to one foot
in dry Bechuanaland Protectorate. This quantity of water is
represented by a square lake of 100 miles side and 300 feet
deep, or by the volume of water in the Victoria Nyanza if
we take its average depth as about 100 feet,

Such figures do not of themselves provide us with more
than a vague idea of quantity, so we may view them in
another way. If we convert the same figures into a form
which represents the number of gallons falling on cach acre
in the year, we find that it is nearly one million gallons for
Uganda, while at the other end of the list comes Bechuana-
land with a quarter of a million gallons.




These pictures are unreal in the sense that they are averages
over large arcas which have considerable variations within
those areas, but they do illustrate the statement that most of
the territories are well served as far as quantity of water
reaching the ground is concerned. ’

A more useful general figure would be the amount of
surface water running to waste cach year, for it is this fraction
whicl: is, to some extent, available for use. In countries
where evaporation is high, relief is strong and the soils are
often very porous, this fraction is somewhat variable and
uncertain. There has, however, been considerable study of
this run-off percentage in Africa, particularly by Dr.
Kanthack of johannesburg, anc we can allot percentages for
the different territories with some degree of confidence. In
this way we arrive at the following table, which uses the
convenient unir of an acre-foot. An acrefoot is the volume of
water which would cover an acre to the depth of one foot,
and is rather mare than 2 quarter of a million gallons.

Volume of Run-Off Water

% Percentage] Volume in Volume in

allotted millions of millions of

| acre-feet gallons

Uganda f 9 5,000,000
Kenya 17 4,500,000
Tanganyika 41 11,000,000
Nyasaland 5 1,500,000
Northern !

Rhodesia 32 J 9,000,000
Southern

Rhodesia 7 : 2,000,000
Bechuanaland :

Protectorate 2 i 660,000

The purpose of such z table is served i it shows that on
the whole these African territories have considerable water
resources, some fraction of which is available for develop-
ment. We might go further and say that, excluding certain
dry areas in Kenya, and Tanganyika Territory, and a large
part of Bechuanaland, the territories are exceptionally well
favoured with water resources as compared with other
similar large areas in the world. It is therefore not the total
amount of rainfall which presents the problem but rather its
seasonal distribution, and the aim must be to conscerve it
so as to make it available for use over the dry scason,

Here again mere rainfall data are both meagre and
misleading since they are subject to wide variations just
where they are most vital, namely in marginal country
where a few inches of rainfali more than the average may
spell prosperity and a few inches less means disaster, We
must therefore beware of averages, since grass, crops and
stock: cannot live on averages. In more settled countries
therd is a sufficiency of data to compile Reltability of Rain-
fall figures and diagrams, but these are as yet rarely available
in our territories. It is thercfore a case of hoping for the
best year but preparing for the worst on which one must
base plans for water development in these more difficult
areas. In the more fortunate districts one must do the same
thing in expectation of flood years, design of constructional
work being based upon the worst flood to be expected.

Nor are cycles of wet years or dry years as yet of much
value as guides, for in the present stage of climatology their
relation to external factors which are predictable, for
instance sun spots, are little understood. As long as fore-
casting even the daily weather is still fairly uncertain, it
would be folly to depend upon forccasting of seasons, Yet
wiile the actual figures for rainfall variation are sparse,
there are other guides to the type of climate of the past
which are becoming more valuable as knowledge of them
increases.  Probably the most important of these is the
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indigenous tree-cover, which does indeed live by averages,
Planning thercfore need not wait unduly for more climatic
data, though it must be cautious.

Seasonal variation in rainfall is of great importance and
we may say that its study is in hand, but in some ways the
receipt of water is less important in our resources book-
keeping than its loss. Hardly has it arrived before it begins
to disperse by running away in streams, sinking into the
ground or disappearing into the air, processes which are
sometimes more picturesquely described as:

(i) “ Run-off * (loss by surface streams).

(if) “ Cutoff 7 (loss by percolation).

(it} “ Fly-off ” (loss by evaporation).

Reliable figures for any of these are rare, and such as do
exist are almiost staggering In their variation, For instance
the “cutoff” on Kalahari sands or some Tanganyika
limestones or some Mt. Kenya lavas may be over go per
cent of the rainfall, while on certain granite areas of
Northern Rhodesia it may be less than 10 per cent
Variations in evaporation losses may notr be so wide, but
they are certainly less measurable and less noticeable. They
are peculiarly important in that they have a very direct
effect on surface vegetation and shallow impoundings (such
as the “pans ” of Bechuanaland) so thar the influence of
cloud and wind may quite upser calculations based on
heavy but short rainfalls.

Data on these peints are therefore more difficulr to
procure and far more local than those for rainfall, yet are
of prime importance, and must appear ir the accounts,

As one might expect over so wide a stretch of country,
the climate is full of Jocal surprises, Some of these are due
to the mountains producing rain shadows on their leeward

_sides, of which the classic cases are Mts. Kenya and

Kilimanjaro wheré, at precisely equal altieudes but on
epposite sides of the mountains, the rainfall may be up to
70 inches on the south-cast and down to 15 or 20 on the
north-west. There are other and larger areas of low rainfall,
especially in Tanganyika Territory, due to the same cause,

‘These areas of rain shadow are now recognised and can
be allowed for in planning, but the uncertainty of the date
of onset of the Rains and their sporadic characrer in the
first few weeks are at present quite unpredictable, The
planting of certain crops, and in some cases even the
preparation of the ground, has to be dependent on the
coming of the rains, If they are late the whole crop may
be jeopardised by the reduction in time for its growth, a
frequent cause of famine in Bechuanaland. It is almost
equally disastrous to have a false start for the rainy season,
to be foliowed by partial or cven complete loss of the crop
by wiiting when it is young, a fairly common occurrence in
Nyasaland.

As elsewhere in the Tropics the early part of the rainy
season is apt to take the form of very heavy focal thunder-
storms. Phenomenal rates of fall scem possible almost
anywhere and may do an cnormous amount of damage,
The record for 1946 scems to go to the vicinity of Fort
Johnsten in Nyasaland where, in February, 10 inches fell
in some 22 or 15 hours and so floeded one short section of
the large Shire River that it flowed in both directions for
some days, downstream as usual and also upstream back
into Lake Nyasa. In December of the same year a fall of
26 inches in 40 hours near Zomba was even more disastrous,

The significance of such visitations for the water engineer
is that he must in all cases smdy to make his designs for
the most violent conditions, and allow a far larger factor
of safety in all his construction. In England it is usual to
assume a “ design-storm ” of three-quarters of an inch per
hour, that is to say designs are made on that basis, The
data for Africa are so incomplete as yet and the area is so
wide that similar figures are useless, so that local memory
is almost the only guide, Whereas in England the expec-
tadon of a rate of fall exceeding ome inch per hour is




een 10 and 15 years, in parts of Nyasaland it must be
cs' than onc year,

o serious is this frequent occurrence of phenomenal rates
fall that special precautions must be taken in all small

3y averages.
ore climatic

ortance and srks for conserving water in streams. To the visitor it
1e ways the surprise to find the spillways beside dams to carry off
arees bo‘_’k' ste water appaently Jarger than the original stream bed
re it begins ist have been. Instances of sudden floods coming down

i\ into the

. comparatively smail sireams are innumerable in Africa, and
which are

¢ hgures measured during one incident witnessed by the
jter give it special interest. Crossing the Mwampanzi, a
ort but steep tributary of the lower Shire in Nyasaland,
‘mid-morning the discharge was 150 cubic feer per
ond. At six in the afterncon it was measured again and

JLicE:n:thciz ave a discharge of 2,500 cusecs, the result of a storm over
, g the headwaters of the river,

anganyika

¥er 9o per
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per cent. xcept for the coastal sirips of Kenya and Tanganyika
wide, but “Territory the whole of our area is part of the great African
ble. Thcy latean, that is to say most of the land is more than 3,000
ery direct feet above sea level, and this fact carries important
ings (such ‘consequences. Mere elevation does not, of itself, increase
fluence of the general rainfall to any marked degree, in fact it often
based on tends to localise rain and w0 produce awkward rain-shadows

in the lec of the higher land masses. Yet it does produce

fhicult to an amelioration of the climate as to habitability and reduces
L, yet are the evaporation by lowering the temperature.  From the
‘counts, point of view of man, and particularly of the white man,
" country, we may conclude that Africa is fortunate in not having 2
¢ are due vast low level tropical area like the Amazon basin where
* leeward man has hitherto been almost powerless against vegetation
nya and and disease.

but on The fact that most of the rain reaches the ground several
be up to thousand feet above the sea produces interesting con-
o on the sequences from the point of view of the water-engineer,
“ rainfail, It gives him what he calls “ command ™ or his irrigation
1 cause, and power schemes, that is to say he is able to lead the
and can water where he needs it by the aid of gravity. On the other
thf: date - hand it preduces high gradients in the rivers and denies
v in the * their use as prime avenues for communication. Except in
le, The _a few special cases there can never be navigation canal
ven the systems on any large scale, and this is a disadvantage which
on the far outweighs the value of “command”. That does not
op may mean that canals will not be built; indeed for the bulk
owth, a products which Africa can most easily produce at ics present
almost stage every opportunity fer canals must be seized, but they
season, “will be expensive to construct and to operate in comparison
he crop with those of other countries.
rence in The great plateau of Africa is due in the main to at least

) one Jong period of time in the geological past when the

e rainy surface was levelled oft by crosion approximately to sea
wnder- level. When it was raised again to its present elevation, not
Falmost suddenly or 25 a whole it should be remarked, it became
amage, what is known as a peneplain, or rather a series of peneplains.
of Fort ‘That is to say, the twps of the hills in any one area are
1es fell approximately at the same level, being the remains of the
tion of original low level surface, while the rivers, rejuvenated by
ms for their clevation and increased gradients, have been busily
1 back cutting out sharp V-shaped valleys and even gorges,

fall of Broadly speaking, therefore, the pattern of the higher
strous, country now available for man consists of comparatively
igineer wide upland areas of rather poor soil separated from 2 series
ms for of narrow but moderately fertile valley bottoms by steep
factor slopes where cultvation has to suit itself to those slopes
sual to -and where the rivers are apt to be rapid and intractable for
*h per conscrvation, and mestly intermittent and seasonal. Where
.The ithe streams do have a moderate gradient, that is on the
Lis so .uplands and in the broader valleys, the tropical climate has
emory produced features of the utmost importance to man, namely
tXpec- swamps, and these will be considered in detail later on.
wr s

The African platezu cannot be fully explained in quite
such simple terms as we have here used, but, neglecting
most of the complications, we must mention yer another
geological episode which has profoundly affected the relief
and therefore the drainage.

As it happens every one of the territorics shares some part
of the extraordinary longitudinal depressions in the land
surface which are known collectively as the Great Rift Valley.
The singular noun is somewhat misleading since there are
many rifts or faults, and many secondary: valleys either
parallel to the main linc of the rift or branching off from
it. The rifts are directly responsible for all the major lakes
with the exception of Lake Victoria, the only farge tropical
lakes in the world, and they have determined the direction
of drainage in their vicinity, A more important result still,
from man’s peint of view, is that these breaks were
assocated with a prolonged series of voleanic eruptions, not
yet completely quiescent. These have produced soils which
are beneficial in some areas and very porous lavas in others
which are the reverse of beneficial.

These and other effects on the water resources are so
widespread over the territorics that they claim our further
attention, We cannot follow the geologists in their debates
as to the precise origin of the faults and fractures of the
crust which have produced the rife valleys, Yer we should
note that the process has been going on for a very long
time, even by geological standards of time, Beginning,
possibly, as far back as the era of our Chalk or Cretaceous
the slow relieving of earth pressures over these thousands
of miles has lasted to the present time. The occurrence of
cccasional tremors shows that there is stiil movement, and
indeed this activity is often quated, somewhar unwiscly, as
a reason for not undertaking large construction works on
the lakes and rivers, The movements therefore began long
before the appearance of man and, as Dr, Leakey is show-
ing in Kenya, man adapted himself quite easily to the slow
but monumental changes of relief going on under his feet.
The popular conceprion of sudden vast sinkings of the
erust and catastrephic eruptions producing,. the phenomena
we now observe is therefore to be modified, inasmuch as the
process was a gradual one over very long periods, which
no doubt had its livelier incidents.

Similarly we must avoid accepting the rift valley scenery
as seen in and pictured from Kenya as typical, Here are
the most striking developments, where there are twin rifts
and a sunken area between with volcanoes in ir, the perfect
text-book example. More perfect examples still are hidden
from us under the Lakes, Were Lake Tanganyika emptied
of its water, for instance, we should find ourselves looking
down a mighty chasm from 3,000 to 6o0c feer decp, 50
miles wide and more than go0 miles long. Lake Nyasa
would be litde less striking, and their bottoms would be
up to 1,000 feet below the level of the sea.

It is these grand manifestations of fracture and sinking
which gave rise to the name of the Great Rift Valley, so
aptly chosen by Dr. [. W. Gregory. Yet in other parts the
same forces have produced rather different results and these
have affected the draimage no less than the symmmetrical

type. A common modification is the disappearance of one
of the twin faultings so that the depression is unsymmetrical,
and one looks over a single steep cscarpment, as at Lake
Manyara in Tanganyika Territory. It must be realised too
that the fault or line along which fracture has occurred is
rarely single. Usually there are a series of parallel faults so
that one reaches the bottom of the rift by a series of giant
steps. These are apt to be tilted away from the main
depression forming small unsymmetrical valleys with a
steep slope on the side facing the rift and a gradual slope
up to the rim of the next parallel escarpment.

This local structure, which is most pronounced in Kenya,
has the effect of reducing the arca of watershed for the rift
valleys, the divide being close to the escarpment. Further,
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since one side or the other of the valley is liable to be in a
sain shadow, the general effect is that the sunken portions
are apt to be dry arcas. Owing to the irregular sinking of
different sections there are many aress of inland drainage
to salt or brackish lakes. More important to the pastoralist
trying (o find underground water beneath the porous soil,
the salt is not confined to the visible lakes but is apt to
permeate the water over large areas where the seepage has
been slow, or where in the past there has beén no free exit
for the underground water at all.

Speaking generally for the rift valleys of Kenya and
Tanganyika Territory, the country tends to be dry and is
adapted mainly for the pastoral industry. This is balanced
to a small but very important extent by the occurrence of
volcanoes in and close w the rifts, from the large calderas
of Menengai, Suswa and Ngorongoro, to the most massive
type of true craters such ag Meru, Kilimanjaro, Kenya and
Sattima. The marked local effect of some of these moun-
tains on the rainfall will be discussed in the individual
Teports.

it is indeed difficult to get away from the effects, of one
kind or another, of the Great Rift Valley on all of the
Territories. It is a dominating factor over the drainage.
Ever where there is no very clear evidence of faulting, the
pattern of the rivers seems to be connected with the direction
of the stresses which produced the actual rifss. Thus it is
generally considered that the Luangwa River valley in
Northern Rhodesia is a subdued section of the rift valley,
and it is easy to continue this theory to fit the curious north-
eastern direction of flow of the Zambesi upstream from its
junction with the Kafue. The same line can be continued

_further south-west to find a somewhat thin explanaton for
the shallow depressions in Bechuanaland as far as Lake
Ngami,

The imagination of the geologist is easily spurred to
draw in further stress lines, For instance, onc can be
drawn to follow the line of the Chambesi into the Lake
Bangweulu swamps and out again by the Luapula, The
same line continued from Kapalzla at the extracrdinary bend
which turns the Luapula towards the Congo, passes over
quite inconsiderable higher ground to fit the upper Kafue
exactly, and this river does not sweep round to join the
westeast drainage pattern unul it has reached its “hook ”.

Whether this game of tracing drainage to the rifts is
really profitable does not concern us, but it is of some
impertance to note, from the map folded at end, that the
drainage pattern is peculiar and, while in parts such as
Northern Rhodesia it is highly favourable for water supply,
it is quite the reverse in others such as central Tanganyika
Territory.

THE LAKES

The patter.x'zxof the lakes of East Africa is due in the main
to the Rift Valley fractures, with the extraordinary
exception of Lake Vietoria, a large but very shallow lake
perched in some insccurity on a vast warped upland area
between the two great arms of the Rift Valley series.
“ Insccurity ” js but z relative term and refers mainly to
two somewhat intriguing possibilities which nature, or even
man were he so minded, could bring about. It has often
been pointed out that a comparatively shallow entrench-
ment at its south-castern corner could empty the whole lake
towards Tanganyika Territory, Similarly, a deepening of
its present outlet at Ripon Falls of a mere 50 or 100 feet
would empty it towards the mouth. It would be equally
simple from an engineering point of view to raise the outlet
height at Ripon Falls and make the lake a still more
efficient reservoir for the whole Nile system.

In this scction, however, we are concerned more with the
mass effect of the large lakes than with possible beneficial
or disastrous alterations to them. A natural query is as

to their possible effect on climate and this we are as yet;
unable to answer with any certainty. We can say that the
evaporation from these large surfaces of water must
ameliorate the temperature considerably, and it might be
possible to calculate in round figures the amount of such
effect, That, however, is of less interest than the possible
effect on the rainfall in the vicinity of the'lake and here we
are on most uncertain ground. It is probably safe to say
that there is such an effect, but that it is rarely a significant
one. One might arrive at such a conclusion by considering
what would be the effect on the supply of water vapour to
the air above it if Lake Nyasa, for instance, were replaced
by an ordinary valley which passed on the water from its
existing watershed  withour impounding. We  should
remember that marshy land probably loses more water to
the air than a clear water surface, and that the actual
surface area exposed to evaporation after a shower would
be preater from the ups and downs of a valley than from
the flat surface of the lake. Under those circumstances one
would expect no very marked difference in the totz] amounts
evaporated in each case.

The most obvious mass-effect of the major lakes is that
they are vast reservoirs of water. We might caleulate the
amounts of water impounded by each of these reservoirs,
but such figures would be of no value, for we must remember
that a reservoir in the utlitarian sense of the word
“reserves ” only as much as we can wke out of it. That
means that a reservoir only impounds as much useful water
as we can run out of it by its outlets or channels. With this
aspect in mind we see that the deep lakes of Tanganyika
and Nyasa arc exceedingly wasteful reservoirs, impounding
vast amounts of water of which only the upper score or so
of feet can be used, Quite apart from that, ne reservoir can
supply more water than runs into it, so that even if we were
able to use the bottom water of those deep lakes, we could
only do so in the sense of expending capital.

Nevertheless these lakes are most valuable assets, even if
we can only count the surface water as true reserves, and
they exceed the dimensions of any man-made dam in
existence. Since they are all at considerable heights above
sea level we can regard them as potential power-sources as
well as irrigation reserves. Either use depends on command,
that is to say it can only serve areas lower than the outlet,

A reservoir of any kind has a very definite secondary use
in addition to actual conservation. Its value even in absorb-
ing heavy flood rains may be very high in countries with
tropical storms, but it is greater still in storing the wet
season rainfall and letting it out slowly during the dry
season. The lakes have other more specialised values varying
in the different cases, such as a source of economic fisheries,
and as an aid in transport and communications, both of
which will be mendoned under the individual territories
concerned.

There is one feature of the lakes which has gained them
a certain amount of notoriety and that is their changes of
level over periods of years, There is naturally a certain
range over which the lake level varies during the year
owing to the scasonal rainfall. In addition to this annual
range, which of course is itself variable, a kind of cycle
appeared to be in operation according to which the lake
would rise for a period of years and then would f2ll, the
total range being considerable. When the carlier figures for
these cyclical changes of level were first assembled it was
concluded that the cycle was meore or less universal and
therefore attributable to some cause common to all the lakes.
Various possible factors, including the cycle of sunspot
frequencies, were brought in with doubtful suciess as
explanation. As more extended data became avajlable it
became Increasingly difficult to prove that the different
lakes were “in phase™ in their cyclical changes of level,
This lack of harmony, together with a much closer study
of the lakes themselves, has now established the fact that
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e majority of cases the changes arc not cyclical in the
sense of the term, but are due to the opposing and
hly balanced effects of erosion on the one hand and the
th of tropical swamp vegetation on the other. This
atly affects the outlet of the lake, as in the cases of
es Nyasa and Tanganyika, but in a special case, Lake
gweulu, it affects the inlet in a curious way because that
e :is for the greater part a vast swamp. In yet another
, on a far smaller scale, in Lake Naivasha, it appears
e duc to alteration in the underground seepage below
lake, The known variations of rainfall, in something
e nawre of a cycle, do of course appear in the curves
hange of level, but they cannot account for the very
de range of level.
Naturally such changes, even if they were truly cyclical,
st prejudice most sericusly the economic value both of
shores of the lake and of the valley of the outlet river,
h exposed to perieds of flooding followed by periods of
water.
The prime necessity, therefore, before any long-term uses
ay be made of these vast natural reservoirs, is first vo find
it the precise causes of the fluctuations and secondly to
nstruct some form of control for the stabilisation of the
ke level, Possible means of carrying out such surveys and
outline of measures of control are dealt with in this
gport in those sections relating t0 Lake Nyasa and Lake
angweuli.
In the long run, whether the future of territories with
ghts over the lakes lies in agriculture or in industry, the
sources provided by these great reservoirs must be devel-
ped.  Such developments should be foreseen in outline
if- not in detail, especially as in almost every case there are
political and judicial reasons for international agreement on
¢ form the development should take.
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VEGETATION

The influence of vegetation on water resources in providing
natural conservation and extending the period of run-off is
most pronounced in Africa, and in my own view its
portance is constantly underestimated.

In any climate the vegetation ultimately serikes a natural
balance with the rainfall which the land receives, more as
10 its seasonal occurrence than as to its total amount, a
balance which man must recognise and not disturb without
a full understanding of the consequences. This balance is
a more delicate one where there is a long dry season and
the vegewtion is therefore slow growing and xerophytic, a
type which is very common in Africa.

One may say generally that perennial vegetation will
adapr itself to such water as it can get on the average
during the year. This means that areas with a long dry
eason will' have a comparatively sparse tree cover even
where the total rainfall is high. Consequently, on such
reas, the proportion of the rainfall run-off will tend to be
high and short lasting. This applies to a large part of
= Northern Rhodesia. Conversely, where the rainfall s well
istributed, as in parts of Uganda, a rain-forest type of
over is produced, which grows all the year round and is,
oughly speaking, adapted to use practically all the rain it
cceives, A dry-type forest cover therefore has to some
xtent a surplus of water running away in the wet season,
hile a rain forest tends to arrest more water than is really
eeded for its growth.

For grasses the process is in the opposite direction in dry
dson country, The first rains bring up the herbage which
tows fast and forms some degree of mat which conserves
he water in the soil and makes the most of it, at the same
me extending the peried of stream flow. Left to itself
Tass continues this effect throughout a great part of the
Ty season, but if burned or overgrazed it Jeaves the soil

exposed to high evaporation and to such crosion as scattered
thunder showers can easily initiate,

The above is merely a restatement of facts which every
pastoralist knows or should know, but it leaves out the
most important feature of a great part of Africa-—namely
swamps—that is, more or less level areas covered by water-
loving vegeration. These have different names in different
parts of the continent. They are called “vleis™ in the
Union and Southern Rhodesia, * damboes* (plural of
“ dambo ") in Nyasaland and Northern Rhodesia, “* mbugas ”
in Tanganyika Territory, and * swamps™ in Uganda and
Kenya. Their origin is much the same as that of the
ordinary swamp of temperate regions, where a low gradient
allows vegetation to establish itsclf which further clogs the
drainage and spreads the swamp, The famous * muskeg ™
of the Canadian lakelands is due to the same thing on a
larger scale. What is different in the African picture is that
the rate of formation is so mwuch more rapid, and by
consequence the nccessity for an inital low gradient so
much less, Many of the damboes of Northern Rhodesia,
and even more noticeably the swamps of Kigezi in S.W.
Uganda, have such an astonishing gradient that it seems at
first glance that they cannot be swamps in the sense used
in temperate climates. In Nyasaland they have a special
word-—a * dimba "~for what may be called a dambo with
a sweep gradient. These dimbas may occupy the whole
length of a valley and are only slightly less impressive than
the steep swamps of Kigezi.

The arca covered by these swamps is accordingly much
greater than one would expect from a consideration of the
rainfall figures above. ‘The proportion of area under
swamps ranges from up to 25 per cent in parts of Uganda,
through 20 per cent on muchk of the plateas district of
Northern Rhodesia to 5 per cent in parts of Southern
Rhodesia and the Bechuanalend Protectorate, They are, of
course, the natral conservation features of the country and
are largely responsible for the perennial character of the
minot rivers and the comparatively steady flow of the
major rivers, As such they are a vital factor in the water
resources, but unfortupately they are also fertile and
easily drained, and much of the disastrous change in agri-
cuitural land in the Union {s directly due to the incautious
draining of its swamps, there known as “ vleis 7.

There are ways of using much of the dambo soil for
agriculture and its water for general purposes without
seriously affecting its storage value. These will be described
in the detailed report on Northern Rhodesia, where
individual farmers, under the guidance of agricultural and
water development officers, have already begun some
successful schemes, and in an appendix at the end of this
report.

The prime importance of vegetation in the preservation of
water resources cannot be dismissed with the above notes,
which are mainly descriptive, and we should consider it
more closely at this stage since it affects all the territories
in greater or less depree,

In the past the “shifting cultivation ™ practised by the
natives did not affect the natural conservation very much
since it allowed 2 reasonable period of regrowth, Similarly,
their practice of burning off large areas of dry grass, while
it hindered the formation of a dease mat and a good layer
of humus, was sufficiently dispersed originally to be a
comparatively slight factor, The native could not, for lack
of krowledge and twols, attempt drainage of the damboes
or serious deforestation in rain forests. The coming of the

white man to Africa has made both these alterations of the
natural balance feasible and has moreover increased both
the general and local density of native population so that
their methods of cultivation and grazing are now affecting
the vegetation cover to a noticeable degree. The danger of
thelr more intensive use of fires, shifting cultivation and
interference with slopes has long been recognised and
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control of one kind or another is being introduced. The
dangers of the largescale draining of damboes and
deforestation, introduced by the white man, seem to have
received less attention, partly because the effects are obscure
enough, and slow enough, to permit people to differ in
opinion as to their being dangerous at all.

While both swamp draining and the cutting down of
forests arc disturbances of the former balance between
vegetation and water supply, there is a fundamental
difference between them which must be appreciated. This
difference lies in the fact that the artificial drains of a swamp
can be artificially blocked again and the original state
recreated in a very short space of time, One can therefore,
to some exient, experiment with a swamp, conscions of
being able to put it back should the experiment turn out
t be dangerous. The forest on the other hand, even in
Africa, cannot be recreated except at considerable expense
and over a long period of years, and one can only experi-
ment with forests at grave risk. In other words, swamp
draining is a process which is reversible at short notice,
while deforestation is only reversible aver a long period.

The swamp, as we have scen, is an entirely natural
conservation of water, due in the main to the rapid growth
of vegetation which arrests the drainage, It therefore, as
stated above, tends to prolong the peried during which
water will drain from it into its associated stream and thus
extend the time during which that stream water is available
during the dry season. To that degree the infiuence of the
swamps has been highly beneficial while the land has been
sparsely occupied by man. Indeed it has been proved only
too disastrously that to remove all swamps leads to a number
of evils, not the least of which is the rapid run-off of the
rainfall which must then be countered by large and
expensive schemes of artificial reservoirs.

On the other hand we may well ask whether the natural
undisturbed swamp really makes the best use of the water,
in fact whether a degree of disturbance of nature’s balance
is not only valuable for economic reasons but even desirable
in order to save water.

Considerable work has been done on the amount of
water used by growing crops and transpired by them into
the ajir. Much less work has been done on the effect of
plants growing in standing water or waterlogged soil.
Such experiments as have been made have reference nrainly
to conditions in temperate climates, though India has
provided data which are applicable to Africa. There
appears to be no absolutely conclusive answer to the
question whether a swamp loses more water to the air than
would an equivalent expanse of water, yet there is a strong
tendency in such experiments as have been made to suggest
that jt does. That is o say, it seems that the protection
from wind given by the grasses to the water in which they
are standing is quite outweighed by the extra surface for
evaporation provided by the grass leaves themselves. In
shallow water with swamp vegetation the loss of water may
be as much as two-and-a-half times as rapid as for water alone.
While this is not quite the same thing as a dambo in which
maost of the water is below the surface in the peaty mat, it
scems highly probable that such a swamp does lose an
excessive amount of water to the atmosphere.

That provisional conclusion leads us to another query
which must be answered as far as possible. Does the water
vapour thus provided by the swamps affect the climate and
the local rainfali? If it does then clearly the wholesale
stoppage of this source of water vapour may have serious
consequences, Again the answer is far from absclute of
conclusive. One may clear the ground for this controversy
to some extent by saying that where the rainfall is oro-
graphical, that is induced by mountains, or where it is
monsconal, that is conveyed from the oceans, the effect of
local swamp evaporation must be quite insignificant. On
the other hand, where the rain is mainly of what is called
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the “instability " type, that is to say, due to the lo
disturbance of a delicate balance between upward mov
meents of the air and its degree of saturation, it is possiblf
that Jocal evaporation may assist in upsetting the balancef
This type of rainfall is commeon and perhaps even dominagj
in Uganda, a region of swamps, and will be dealt wi
more fully under the section dealing with that Protectorat

1f these suggestions as o the relative effect of swampf
draining are sustained by further experiment it means thy
under contrel, & great deal may be done with the Africay
swamps, both in using their fertile soils and in saving more
water from the thirsty atmosphere. This would
particularly the case in the longimdinal damboes of
Northern Rhodesia and the dimbas of Nyasaland. Vagt
areas of swamps such as those of Bangweulu, Lukanga and’
the Kafue Flats, to mention only Northern Rhodesian
examples, merit a different kind of treatment, both on
account of their size and their function. In some aress,
notably in Barotseland, the whole cconomy of native life
depends upon the annual fooding of the large swamps. Such
enlightened swamp dwellers will casily. learn such refine
ments as the white man can add to their present practices,
and indeed they must do so to cope with their steady increase
of population. Possibly the word “refinement” is hardly
the appropriate one in this conncction, since a great deal of
the development of swamp arcas will depend on the muass
removal of the dense vegeration, some of it anchored, some
of it afloat, which has come to reserve for itself the name
“sudd ™, derived from its place of maximum extension, the |
upper reaches of the White Nile.

We have seen already that a very large area of Africa is
covered by swamps, and where the water is decp the
vegetation is called “ sudd . Its most imposing constituents
are Papyrus and a giant Phragmizes reed, but there are hosts
of other species belonging to this extraordinary plant
association,

We must ask ourselves therefore what purpose, good or
il}, is served by having these deep swamps clogged by sudd,
and how far its removal should form part of the due
development of the water resources. The answer appears
to be that in one ser of circumstances it is useful as it stands
as a giant check to too rapid a run-off. The writer was
unable to see the Lukanga swamps, but they certainly delay
the flow of the Kafue and in effect they smooth out the
flood curve in what is possibly a vital way for the inhabitants
of the lower parts of the river. If that be so then caution
must be observed before any interference is undertaken.

The Bangweulu swamps would seem to be an inter-
mediate case where a certain amount of clearing of sudd
for navigation channels, fshing sites and so en is clearly
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sudd Is in the Caprivi Strip and to the south of it. Here
thin fores

two tnajor rivers, the Okavango and the Linyand (or
Chobe), lose themselves in hundreds of square miles of
dense swamp, much of it floating sudd. Their combined

discharge is not far short of that of the Zambesi jtself, yet Under
its value t mankind is almost nil. - hightened
It will be remembered that 2 preat controversy has raged STesources
in the past over theories as to dessication in the Upper has been,
Kalahari. Livingstone found Lake Ngami a wide if not a has‘ied o
very deep lake; it was a mere pond a few hundred yards their prac
long after the wet scason of 1946. There is anple evidence and over-
on the ground that the Makarikari " Lake” and the In the
Mababe depression have been filled to their brims at various growth Is
times in the past. Livingstone himself accused the Victoria forest tyy
Falls of having robbed these lakes of their former supplies, AC strean
Professor Schwartz called in cycles of dessication and other gislatic
causes such as local siling. A most excellent expedition in r-?"}“" 1
5 we

1925 under Du Toit made a survey of these areas with a



1o a giant scheme for using Zambesi water to fill some
these depressions and irrigate others.

is perhaps somewhat presumptuous for one who has
“only the edges of the Okavango and Chobe swamps to
est that what is required if these things are wo be
fed out is not giant works of construction, weirs or
rages, but giant works of destruction of vegeration,
ing channels through for the water again to run into
lakes and valleys as of old. In the writer’s opinien there
o nced to ascribe this apparent dessication to earth
ements or a change of climate or any other remote
g. It is rather to be considered as a major instance of

:ven dominany
be dealt wig

Sdavn:%fi of same kind of * cycle .” as has caused the changcs'of
saland. {in Lakc'Nyasa, t}.mt 5 1o say the growth of vegetation
Lukanga an hich itself induces silt dc‘posman and causes stagnation
n Rhodesia ‘the water over such a wml? area that pracuc?ﬂly all the
ent, both o scharge of those two rivers is lost by cvaporation. If the
. some areas ocess were left to itself there would presumably come a

me when a succession of high floods or some other cata-
ophic event would force a main channel open for a period
hen the depressions would fill again as in Livingstone’s day.
Further consideration of what might be done is given in
he section on Bechuanaland. It is given space here merely
o emphasise in the strongest terms the overwhelming impos-
tance of swamp vegetation in Africa,

The function of forests in the preservation of water
esources scems to have been the subject of a certain amount
f debate in Africa and needs clarification,

“In the first place there is a surprisingly small proportion
f typical dense rain forest in the territorics with which we
are concerned, mainly because of the well defined dry season
hich prevails, All types of forests, hoth dense and sparse,
 left to themselves will establish 2 balance with the available
ater throughout the year and will adapt themselves by
wyarious means—sparseness of growth, size, season leafage,
c—to the wer and dry seasons. Consequently on the
plands the trees are more resistant to drought and more
arse than in the valleys where the soil water is available for
a longer period, but they stop at the damboes, where water
is too abundant and the soil too acid for trees. Immense
areas of all the territories are occupied by this comparatively
thin type of Brachystegia forest, varying in tree-height accord-
ing to the amount of water available and permitting varying
amounts of herbage 1o grow between the trees. It is too sparse
to make use of much of the heavy rainfalls in the wet season,
and aithough it does conserve water to some extent and check
the run-off its value in that respect is not overwhelming. It

of native life®
wamps, Such
such refine
ient practices, |
teady increase |
it” is hardly
great deal of ;
on the mass
chored, some
elf the name
xtension, the

of Africa is
is deep the
* constitients
ere are hosts
linary plant

ose, good or
zed by sudd,
of the due
wer appears
I as it stands
writer was
ctainly delay
oth out the
: inhabitants
hen caution

ertaken. can  be, and is, removed for pasturage and cultivation
€ an inter- provided simple precautions against soil erosion are taken.
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n is clearly example of such country, the rainfali being from 30 to 5o
la flow and inchkes annually but having a long dry season. In such places,

river, An and there are others in MNyasaland, Southern Rhodesia and
1 from the even Bechuapaland, a regular cultivation or pasturage
of jt. Here economy probably conserves soil water better than the original
inyanti (or thin forest with its hard floor and sparse undergrowth. It
e nijles of may rob the smaller streams of some of their volume, but it
r combined “should not affect their period of flow very seriously.

Under the management of Furopean farmers or cn-

i itseif, yet
ightened natives there should be no harm done to the water

¢ has raged -resources by deforestation in such areas. Harm can be, and
the Upper as been, done where a concentration of native population
de if not a “has led to 2 wholesale destruction of the forest combined with
dred yards “their practices of firing the grass, cultivation on steep slopes,
Je evidence “and over-grazing,

In the valicys, and especially close to the streams, the forest
rowth is denser and locally is of the “ impenetrable ™ rain
forest type. This steip of forest delays the run-off, protects
the stream banks and furnishes a small amount of big timber.
cgislation has attemapted, with partial success only, to
ve ot its destruction by the natives,

As we proceed north and reach the zone of double rains,
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the density of the forest increases, reaching a maximum on
the higher mountains where the precipitation by hoth rain
and mist is fairly persistent throughout the year. It is these
denser forests which are the subject of so much debate as to
their effect on water resources, the arguments being briefly
on the following lines,

The plea of the forest-minded man js that the dense growth
delays run-off, protects the soil and generally exerts a steady-
ing influence on the water supplies. He may even assert that
the trees attract the rain, but here he is on more debatable
ground. The argument of the agricultural or pastoral man
is that the forest uses an undue share of the rainfall and there-
fore starves the plains below. If he is indiscreet he is Iiable
to add that the same areas under grass would be of greater
beneflt, as shedding more water,

It would appear that, as in most cases of violent opposition
on such matters, botl: sides are right in some degree in the
cases which they select as examples.

Turning to cur balance of nature again, it is probably
correct to say that in a wropical climate with continuous pre-
cipitation the forest vegetation will use all the precipitation
it can, its limits being only those of ground space and light,
It will tend to withhold and use all the lighter forms of pre-
cipitation, mists and light showers, and only pass on those
heavier rains which it cannot use. In that sense it does rob
the plains of some of the stream water, but there are two or
three points which must be noted. One is that it is not the
timber trecs themselves which are the chief robbers, but the
dense undergrowth and quick-growing vines, so that a con-
trelled forest, if that is possible, will not use more than a fair
share. Another point is that on such steep slopes with heavy
rainfal} the rate of run-off is prodigicus unless it is checked,
and the floods which the dense forests help to prevent would
be of little value to the plains uniess controlled by artificial
means further down.

The proposal that such forests should be removed and
replaced with grasses appears to be peculiarly unsound.
Apart from the almost inevitable seil erosion which would
result it would be very difficult to establish pasture grasses.
There weuld be a constant battle with thickets of brush, the
natural association in such a situation after deforestation,
and the water relezsed would almost certainly take the form
of frequent and disastrous floods,

The fact is that the disputants on both sides are constantly
referring to a small area where their conclusions may be true,
and applying them to a large area where they are not. It is
true, for instance, that some of the quick growing exotic
trees, such as eucalyptus and wattles, use an excessive amount
of soil water. These, if planted where the rainfall is marginal,
must rob the lower lands of a significant amount. On the
other hand, planted where there is a high local rainfall and
replacing a denser and even ore thirsty original under-
growth, they may be of the greatest value to the plains below.

The very fact that it must be the local eircumstances over
comparacively small arcas which must govern judgment
cnables us to leave the debate merely outlined at this stage
for further treaument in later sections of the report. One
must, however, record the facr that in other parts of the
world it has been found that deforestation almost always
adversely affects water resources. It is in any case most
unwise to be rigidly dogmatic when dealing with large areas
under varying conditions of climate, relief and soil. The all-
forest policy may be just as dangerous as the no-forest policy,
and the all-exotic timber enthusiast may produce more
positive harm than the no-exotic man who wants to leave
things as they are. What is needed, of course, is further
experiment, and this we may leave in the capable hands of the
forestry and agricultural departments.

There is, however, ene type of experiment with vegetation
which belongs more to the water engineer than to any other
specialist. It is & pity that we do not know more about the
effect of water plants on the evaporation of the water in which




they live. This, as mentioned above, is important, but a smail
section. of the same enquiry is still more important—namely,
what means might be employed to reduce the evaporation
from the surface reservoirs in Africa. The amount evaporated
in a dry season may casily run up to five feer and more, and
this, for the shallow reservoir which must be the rule rather
than the exception, is often half of the total conserved,

The need for seme cxperiments in African conditons is
therefore manifest, and enquiries showed that a few had been
made in Kenya, but without any conclusions being reached.
The measurement of loss by evaporation on a ficld scale is by
no means simple, but it is far from impossible, and the fol-
lowing suggestions are made in the hope that more water
engineers will interest themselves in the matter.

Ogdinary marsh and shallow water vegetation almost cer-
tainly induces a greater total loss, but this is Jargely because
that type of plant enormously increases the surface area
exposed to the air. For flatleaved plants, such as the lotus
lily, the case should be otherwise. Thearetically the transpira-
tion from a living leaf cannot be as great as the evaporation
from a water surface where the arcas of exposure are the
same. How much less it may be is the subject of the chief
experiment which is required. No doubt there will be other
difficulties in introducing any plants which trn out to be
successful as moderators of loss to the air, bur we do not yet
know that such plants exist. The small floating plant known
variously as the Nile cabbage or the Shire cabbage succeads
very well in covering reservoirs in the Eastern Province of
Northern Rhodesia and is said to be useful in clearing the
water of matter in suspension. Being cabbageldike in
miniatare it may bave so much cxposed surface that its
transpiration docs equal evaporation, but if that is so it should
at least be establiskad by experiment,

For smaller reservoirs some more artificial means of
reducing evaporation may be the reward of rescarch. Fine
pumice has been tried without any marked success, but that
is hardly surprising since pumice would increase rather than
decrease the area ol water film exposed to the air, What
is required is a greasy (i.e. water repellent), non-toxic dust
——something like lycopedium powder-—which would form a
thin film over the surface. Several substances suggest them-
selves for trial, such as powdered bark, powdered bitumen,
soot, etc. There is a series of what are known as *“ polar
compounds ', mostly derivatives of waxes and resins, which
are used in stabilising seils for roads, such as Vinsol, which
may be cbrained in either liquid or powdered form, and these
should be tried. A promising line of enguiry would be the
use of one of the ordinary solid waxes to be melted and
sprayed into the air over the water to fall as tiny pellets or
wax dust. Finally those heavy oils, which are almost insoluble
in water and form a skin only a few molecules thick, might
be tried.

Such artificial methods might only be applicable to the tank
typé of reservoir for the watering of stock, as they might be
inimical o plant, insect and fish life. A smail section of the
tank would be protected from the Hoating skin for the stock
w0 drink from. It is in places like the N.F.D. in Kenya, the
Masai plains of Tanganyika and parts of Bechuanaland that
some such device would be extraordinarily useful if it
reduced the loss by evaporation t© a reasonable degree. A
comparatively short series of experiments under natural con-
ditions in those places would cost very little and might well
produce valuable zesults.

THE USE OF WATER RESOURCES

Having reviewed the main natural factors affecting the water
supplies—the climate, the relief and the vegetation—we may
now consider the objects to be kept in mind in this survey
of water resources,

These territories are all, in varying degrees, at a stage when
a number of concurrent factors renders it essential to take
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stack of their positon and needs with regard to water. These
factors may be social, such as the rapidly increasing popula- £ low
tons; economic, such as the world need for a greater supply B = stag
both of raw materials for industry and of foodstutls; politicai,
such as the impatience of other nations; even strategic reasons
impinge ot the subject.

‘Whatever choice the reader of this seport may make from
amongst this array, it is to be hoped he will realise that the }
development of water resources is only one of a number of
lines along which advances must be made together in unison
and in harmony. To the African administrator this must be
fairly obvious; to the Englishman at home it may not be so.
Thercfore it is not idle to put an illustration or two in proof, Tun
We may start almost anywhere in the list of needs and arrive
at the same chain of mterrelated activities, all of which are
muually self-supporting, none of which can be omitted
without jecpardising the attainment of the goal.

Do we start at the need for a beter distribution. of a rapidly
increasing population? Then we immediately call upon the
doctor to improve the health condirions, who calls upon the
agriculturalist to find better soil for better crops, who calls
upon the water engineers to find water over a wider area,
who calls upon the veterinary people to free fresh country
from tsewse fly, who call upon education people to convince
the natives that keeping cawle mainly for * bride price  is
foolish, and so on down the line. Better health, housing,
communications, watcr supply, education—where all seem
fundamental who shall award priority? Yet first things must
come frst, 2and sound judgment and planning must pravide
the sequence appropriate to each district, water supply in one,
communicztions in another, and so on. Such planning can
only be wise if there is a full appreciation of the whole aim,
and this applics especially to the allotment angd development
of water resources.

We may therefore spend a litde time in analysing the
broad purpose so far as water is concerned.

One might begin by repeating that the general and overall
aim is to find & use for all the water that reaches the ground.
This does not mean that no water should be allowed o reach
the sca, for in places there is navigation to be served, and in
any case that is an impossible feat where there is heavy
seasonal rain. One might paraphrase the exhertation to make
two blades of grass grow where one grew before by saying
that for all the intermittent streams of Africa the aim is to
mazke them run for two days where they formerly ran for
one. Conservation of one kind or another is therefore the
general theme, but there are priorities in the uses of water
which must be considered before the plan of conservation can
be decided upon. Water for domestic use, for man and his
animals, has a clear priority, It is not merely that villages
are at present sited only near surface water, neglecting areas
which would be useful but for theis lack of water, a neglect
which in many places, especially amongst the pastoral tribes,
isa prime cause of misuse of the land. There are at least two
other reasons why the domestic water supply must have
development and control, and perhaps the first of these is the
prevalence of diseases directly due to a shortage of water in
the dry season when the African, whether he likes iv or not
—and it js true he does not seem o care very greatly—must
use water which has all the concentration of germs and salts
and soilings which a drought can prodace.

The second reason is ultimately an cconomic one. The
amount of mar power, or more accurately, of woman power,
which is used in fetching water for human consumption over
leng distances is prodigious. Morcover, the African is by
nature a cleanly person, more so than many of the Oriental
races at all events, and when water is scarce he not only
reduces his washing but combines it with his drinking needs
at the same water hole in a way which outrages European
standards and must assist in the spreading of disease. .
Centuries of such customs in the matter of watexy have
hardened him te these practices and tradition has to be over-



e, but until that is done the economic output will remain
ow. A measure of compulsion may be neeessary in the early
ges and should be faced. In the philanthropic sense, and
umazely in the cconomic sense, the provision and improve-
ment of domestic water supply should therefore be a first
arge on the funds available for water development
The second aim should perhaps be the general increase of
ood production, whether in arable or pastoral arcas, which,
ince both grass and crops are seasonal, seems a difficult or at
st a very long-term process. It amounts to taking STEps to
reasc the quantity of water in the ground availabic for
Jant growth, or in more scieatific terms, to defaying the
un-oft and raising the water mble, that is to say the depth
t which there is frec water in the soil. Many ways of
ffecting this are available, such as bewer cultivation, contour-
unding, surface dams, cte,, and these will come in time no
oubt. The point raised here is that their immediate and
ocal effect is not the only or even the best reason for an
active campaign for these means, especially for the small
reserveir. The controlled use of swamps comes under the
‘same heading,
As scon as we approach the subject of jrrigation we find
ourselves forced w distinguish between projects for European
estates and those for natves, a subject which is dealt with
more fully later. Here we may say that the opportunitics for
irrigation in Africa are abundant, on both the large scale
and the village scale, The large scale projects vo be considered
in the not too distant future will be maintained with the
caution that their feasibilty is likely to depend far less on
the water and the ground than on the markets for the products
and the transport to enable them to reach those markets,
Village scale irrigadion will deperd also, but to a less extent,
on economic factors, for the native even when taughe the
main principles of irrigation will not use them for his own
ood, which he can raise by seasonal rains, but only if he
“has the urge to grow a surplus for other markets. That he can
“learn the art of irrigation has already been proved, and the
~difficulty will uitimately be rather that of controlling his use
‘of water in that way than of persuading him of its value.
» In the same way there is plenty of scope for the extraction
“of power from the streams all starting several thousand feet
“above sea level. On the large scale it is a matcer for Buropeans
and the difficulties are almost entirely those of ecenomics,
-not of construction. On a minor scaie the use of water power
should gradually appeal to the native, though the initfative
“will have to come from the women’s side. It is quite extra.
“ordinary tw the European to see so much power tumbling
‘downhill to waste, when the time women spend in pounding
their corn is quite comparable with thay spent in fetching
water, Yet the native is conservative to a degree and it will
‘be hard work for some district commissioner to cenvince him
that with very little ingenuity, mainly in carpentry, he could
make the stream by his village grind the communal corn,
His first answer will be that the women will then have nothing
o do, but when the ecopomic pinch comes, whether in the
form of dependence on consumer geods or of an increasing
~density of population, he will probably follow the example of
other races and use such gadgets as he can buy or contrive,
%o give him more carning power,

Such developments deserve encouragement and example
- because the use of streams for power usually means conserva-
tion in some form and the more conservation there is the
-~ brighter the future of the country as a whole.
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METHODS OF DEVELOPMENT

21t is not generally realised what powers of control man
+has over water or how much choice he has in jts development.
He may, for instance, aitm at arresting-the rainiail in the soii
tself by contour furrows, by dry farming and other devices.
He may prefer to hald it in surface reservoirs from which
e can draw at will and under the influence of gravity,

Finally, he may decide to rely on underground natural
reserveirs and obtain his water from wells and bores.

To some extent onc may call these three methods of
conservation the Long Term, the Short Term and the Im-
mediate methods, provided they are not considered to be
alternatives, since they should be parallel, There may be
extra empbhasis on one of the methods, however, according
to circumstances and needs, and in any policy of development
the choice of emphasis must be considered.

Before the war the task in front of the usually inadequate
staffs for water development in Africa was to produce a water
supply for individual communities, mostly native, wherever
the need secmed most urgent, and by the quickest methods.
The pressure on the stafls and their equipment was such
that the immediate programme, mamly for providing bores,
lefr litde dme for long term policies, though in most cases
these were outlined and appeared as reports to be followed
up as circumstances permitted.

That urgency for the immediate production of water
supplies has not disappeared; it has in fact been increased
by the long hold-up due to the war. The drilling pro-
grammes, to take only one side of water supply technique,
have grown longer than ever and the tardy reappearance of
equipment and technical stafl has been one of the main pre-
occupations of water engincers in all parts of Africa, Yet in
spite of this urgency, and partly because of it, there is need
perhaps for an expansion of the general plan of development,
aided by the increased grants, and possibly for a change of
emphasis on the different methods of conserving water out-
lined above.

Speaking gencrally, therefore, the emphasis in the past has
been on the drilling of bores and the sinking of wells, both
tapping natural sources, not creating new ones, There were
adequate reasons for this choice at the time, and indeed the
programmes must by no means be reduced but rather
amplified. Yet the value of other and more constructive
methods of obtaining water is such that their case must be
fully stated.

Apart frem the water of permanent rivers and lakes, which
is there for the taking, we are concerned with a comparison
between underground water, which is naturally conserved
and has to be found and tapped, and surface water, which has
t be conserved by artificial means.

The advantages of deep-seated water obtained by bores are
obvious enough. The supply is normally pure and potable,
it is constant and relable and it is protected from surface
pollution. The shallower water obtained from wells is not
so purc or reliabie and is often subject to surface pollution.
Nevertheless, a geod well is distinetly comparable to a bore.
They are also comparable in the expense of sinking and
maintenance; indeed, In Nyasaland, the records show that
bores are cheaper than wells.

Water from small surface reservoirs can never be as pure
as bore water under African conditions, though it can be
made satisfactory for human use without very much difficulty.

The relative capital costs are not easy to estimate, but for
equivalent yield of water the bere hole is probably at least
as expensive, to which must be added the cost of maintenance,
pumping, etc., which if capitalised will usually deuble the
initial cost.

Comparisons of this kind between surface reserveirs and
bore holes are unsatisfactory because they should not really
be alternatives, Where there is a stream of sufficient dis-
charge, even if intermiteent, a surface reservoir is the cheapest
method of supply. Where there is no stream there can be no
other source than a bore or well. Africa has vast stretches
where there is underground water and where only bores and
welis can furnish it, so the programmes of sinking must go
on. It also has a very large number of small streams with
sufficient flood discharge {or a dam, and this should aot be
allowed to run to waste,

There are two paramount reasons for a large increase in
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the number of surlace dams or weirs. The first is a social or
perhaps a psychological one. The African has become
accustomed 1o the white man doing things for him which he
cannot imitate, and the bore hole with its pump is one of
them. Ir is to him an entirely Government mechanism,
towards which he feels a minimum of responsibility, and in
which he has no part. Tt is not that he is idle and likes water
to be provided for him; it is merely that he cannot join in
the operation of drilling nor can he really understand the
source of the water since he cannot sec it. Now he can under-
stand a surface reservoir, and with very little supervision he
can construct ene, and thercfore he can very soon be taught
to acquire responsibility for its maintenance. It becomes a
communal property for the village in a way which the magic
bore hole never does.

Anather but more subtle advantage of the surface reservoir
may, in the long run, be of the utmost benefir to the country
as a whole. We have seen that the quite adequate rainfall
runs away because it is seasonal, and the first thing is to check
that run-off, especially in the upland districts. Every surface
reservoir holds up from twice to five times the volume of
water that is actually visible, since it raises the water table
in its vicinity, and the first effect is to extend the time during
which the stream runs during the dry season.

Anyone who has net experienced heavy scasonal rain or
scen upland streams flooding in the rains and bone dry for
the rest of the year is apt to think that any reservoir would
rob the downstream inhabitants of water and would cause
the stream to run dry even carlier. He founds his ¢pinion on
the type of dam seen in more developed countries, where
the aim is o impound nearly all the water of the stream, and
not on the type suitable for Africa, which is really a weir or
barrage designed to pass the greater part of the flood and
conserve only a fraction of it. It is in fact often a surprise
even to the European engineer to find that every weir he puts
in along a stream helps rather than mits the weirs below
it and that what was an intermittent stream becomes a
perennial one. The weirs must, of course, be designed in
accord with the flood discharge, and if they are buily for
extensive irrigation this gencral benefit to the stream lower
down may not take place. A reasonable amount of irrigation
is usually possible, because again it is raising the water table
and some of the water comes out again into the bed of the
stream.

The general conclusion, thercfore, is thatr while the boring
and well-sinking. programmes must continue, they should be
backed by a schedule of surface weirs to be built mainly by
the Africans themselves under supervision, These weirs,
ranging down every stream bed in steps or series, must of
course be under control to sec that they are used properly,
are maiatained, and do not bring such evils as malaria in
their traim. That means that nearly all the technical services
are involved as a team in the development.

To sketch a model scheme, which in its entirety Is im-
pdssible in any one region, is apt to be disheartening to those
who try to realise it in practice, Nevertheless, the outlining
of such a scheme is often the clearest way of describing all
its component paris. We will, therefore, attempt such a
description in relation to 2 definite valley, or type of valley.
In the southern part of Northern Rhedesia there is a large
number of rivers similar in type to the Maramba, flowing
past Livingstone, the Kaleya, near Mazabuka, or a larger one
still, the Magoye, Sowing past Monze. These are sclected as
types only because anyone going by road or rail will see them,
and in point of fact onc of them, the Kaleya, has aiready had
some such treatment as is about to be described, but under
private European enterprise. They are all liable w be either
tapering or intermittent streams, either vanishing in the dry
season or flowing only a few miles from their parent springs.

On the watershed of the smallest and dryest of these three,
the Maramba, some 40,000 million gallons fails during the
rains, of which some 2,000 million runs off, This run-off,
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properly distributed, should give a discharge of about six
cubic feet per second throughout the dry season, which would
supply 300,000 people or head of stock with ten gallons per |
day, What happens in fact to this river is that it is in heavy
fleod for from: two to perhaps four months and then it tapers
ofl w complete dryness or a succession of muddy pools.

The model treatment of such a valley, only about twenty
miles long in the case of the Maramba, would be to begin
with z small check weir from half a mile to a mile below
cach of its many sources (probably frem ten to twenty or so
in number, including its tributaries). These would be of the
roughest type of rock-with-earth, with a spiliway to prevent
their being washed away, and could hardly cost more than
£20 10 f30 each. They might in time tend to silt up and
form small damboes, in which form they are almost as useful
as check weirs. On the main stream, at suitable sitcs and
intervals, rather more impressive earthen weirs with spilk
ways would be constructed, costing perhaps an average of
£300. They should be something like one and a half miles
apart or according w0 the lecation and number of villages.
Bach of the weirs would be surrounded by a village forest
reserve where wood could only be cut by permission and all
access to the water by animals or man would be prevented.
The village would be supplied, under the best circumstances,
by piping from the weir—under the worst, from a small well
dug in the stream bed some hundred yards or so below the
weir, or from small tanks or ponds enlarged in the stream
bed as it became perennial,

The cost of such development would depend on the
available sites for the weirs, suitable material for them, and
other factors such as labour from the local people. A rough
calculation from examples of such weirs in other parts of
Northern Rhodesia would put it at abour £30 each for the
headwater check weirs and f300 for the main stream weirs.
Allowing twenty of the first and ten of the second, the total
cost comes to about /4,000

That such treatment and such results are not mere arm-
chair fancies is proved to a great extent by pointing to certain
examples of partial treatment of the same type. Private
enterprise in the Kaleya valley itself has already proved that
check weirs and main stream weirs will render a stream more
nearly perennial, even though in that case there Is irrigation.
In the small valley of Chilanga near Lusaka the same thing
is being proved, as well as the efficacy of weirs buile by
natives under supervision which is not highly skilled.

The important elements in such treatment of a vailey
stream. are first that the valley should be treated as a whole,
cach weir planned and sited in relation to the entire scheme,
and secondly that, as far as possible, the valley inhabitants
should be brought into the work, made to feel responsible for
the weirs and for observing the simple rules as to the use of
the water, cleaning of the weirs and supply tanks, etc.

There is indeed not very much in the constructional part
of such a scheme that is experimental and it is hoped that
the Government may select some small valley in a native
reserve and develop it along these lines as a demonstration.
The experiment is in fact far mare a sociai than a physio-
graphical one, to see how far the African can be persuaded
to join in it and maintain it without constant control from
the white man.

Tv will be realised that the larger the valley and the siream
therein the more expensive would be the treatment. For
instance, the Magoye River, over sixty miles long, would
require large works. In such a case, of course, the main
stream would hardly be tackled at all, but oaly the tributaries
running inte it. Even better examples of suitable valleys for
such comprehensive plans occur in the Eastern Province, but
the writer is not so familiar with the Jocal conditions there.

On the whole the emphasis here is on the necessity for
many small and cheap weirs on small streams, rather than for
a few large and costly oncs on large streams. The more the
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“streamns are weired the more likely the larger streams
become perennial.

ere is a secondary consequence of such weir treatment
h will be appreciated by the agricultural expert but may
e fuily realised by the layman and therefore deserves
stion. All scasanal crops depend on the depth below them
e water available for their growth, that is how far the
have to go to reach the vicinity of what is known as
ater table. The water table follows the side of & valley
characteristic curve which is well below che surface on
higher ground and reaches the surface at the stream bed,
is ranning, as shown on the left-hand side of the diagram.
jere is a weir in the valley, this curve of the water table
ill:be flatter, as shown on the right-hand side, and the strip
ground available for crops will be much broader. The
er'thus raised in level in the soil seeps down gradually
th into the weir and into the stream bed below it, and it is
is scepage water which is the main cause of the stream
_:'oming longer and stronger than before the weir was there.
Tt is cbvious that such a policy as here outlined, of a large
imber of small weirs, cannet be put into immediate effect,
¢ can it cover large areas for a long time to come. It is not
nly a long term policy, and consequently somewhat suspect
y those who call for quick returns, but it is also an expensive
olicy unless the cooperation, and largely voluntary
o-operation, of the natives is enlisted. This aspect is dealt
with later in 2 special section, but it deserves just as close
ttention as the physiographical aspect, since it is 2 vital part
f the whole scheme of development.

" Certain arguments against this form of widespread con-
ervation, which might more properly be called arrestment,
ill appear and some may be met in advance. The most
rgent is tha the sile brought down in the annual floods will
oon fill the weirs. There are two answers to that, the first
eing that a reservoir filed with silt must not e written off
s useless, since it still holds ane-third of its eriginal supply,
‘and as far as raising the water table and arresting flood water
conrrcerned, it still functions in the main as before. The
‘second answer is that the checking of silt in the small head-
‘water rock weirs is partly the purpose of the whole scheme
-of development, which is to reduce soil erosion as well as to
furnish water supplies.

. Another and rather more serious argument, since it clearly
has a sinister weigh, is that surface water in the wrong form,
that is, in shallow stagnant pools, is a most fertile breeding
Place for the Anopheles mosquito. This is dealt with in a
section on the medical aspeet of water development.

There are other pares of Africa, particularly in Bechuana-
land, Kenya and Tanganyika territory, where the porosity
of the stream beds and the rate of evaporation quite prevent
such ideal schemes of stepped weirs of surface type. In such
areas the streams run strongly for a short period in the rains,
to be measured in days only in some cases. Here there can
only be a’pastoral industry, supported by local crops in
favoured places. ‘The object of development then becomes
the provision of stock watering points, spread over as large an
area as possible to distribute the grazing, which is usvally
" geod in quality but sparse in quantity.

These more uncommoen conditions will be best discussed in
" detail under the territories concerned, but a few general
remarks may be useful at this stage.

The first is that for a pastoral economy with its sparse
population, often nomadic, the actual amount of water
required is small, but it should be dispersed and it should
be protected as far as possible from heavy evaporation and
loss by sinking into the porous ground, Here, then, the bore-
hole should come into its own and programmes of drilling
should be vigorously pursued. But where the bores have to
~ be deep and costly, especially near the sandy rivers so
characteristic of this type of country, a method of sub-surface
- catchment offers considerable possibilities. Cheap conserva-
tion of sub-sand water is discussed elsewhere in the report,
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There is another method of providing water points for
stock in districts which have neither underground water for
bores nor sand rivers for reservoirs, and where surface tankage
is rapidly lost by evaporation, and that is by piping water
from mountain streams or reservoirs on large rivers. At first
sight such a method appears to be a very expensive and
inadequate one, but certain hopeful elements in it should be
stated, to be applied to any particular case which might make
it a suitable one.

In Kenya, Tanganyika and to a less extent in Bechuana-
land, there are many places where the streams rising in
mountainous areas of goed rainfall run out on to the arid
plains and gradually disappear. They are known as tapering
rivers. Their water must be counted as almost completely
lost to man, nor is there any way of preventing their disap-
pearance, which is as much by sinking into the river bed
as by evaporatien. We therefore have the sorry spectacle of
streams running perennially in their upper sections with a
discharge of several cubic feet a second, which have rotally
disappeared a fow miles lower down.

Now a How of one cubic foot per second provides
sufficient water (at ten gallons per day per beast) for no less
than 50,000 head of catde. If there is a suitable gradient, such
as 200 feet in a mile, this quantity of water can be delivered
by a five-inch pipe, from which smaller pipes would take off
to distribute to the points of delivery over the area required.

It is easy to get lost in figures which cannot be applied in
practice, but we may pursue then a little further to show the
order of expenditure that would be required for this one
premise of one cubic foot per second flow,

Fifty thousand beasts would require about 1,000 square
miles on the thin grazing of such country, so we need water
points over a belt, say 40 miles long by 25 miles wide. The
40 miles of piping would not need to be five inches in
diameter all the way so we might say its average cost, laid,
should be between /1,000 and £z,000 per mile, a total of from
Lao,000 1o [Bo,co0, at first sight a prodigious figure. This
is, however, merely a capital cost of something like [1 per
beast spread over the life of such a pipe, which sheuld be
about twenty years. The cost of 1s5. per beast per year for
water, during which it drinks abour 3,000 galions, would not
he at all excessive under ordinary pastoral conditions of
production for sale.

The conditions under nomadic native methods are far
from being ordinary, however, and we must leave this
somewhat ideal figurc to be used as a basis for application
to actual conditions. It does at least show that piping for
water points is not completely ruled cut on account of cost,
particularly as the method provides for a minimum of
waste of water and assists in the grazing rotation which is
so badly needed in native management of catdle.

The case for bore water supplies over the same area for
the same number of stock would be somewhat as follows.
We should have to make the rather generous assumption
that bore water could be obtained suitably spaced at an
average depth of 200 feet and at a rate of not less than 500
gallons per hour per bore, Allowing also a proportion of
50 per cent successes in drilling to this resulr, we should
require 20 bores costing about 1,000 each. Arriving at a
rough figure for the cost of pumping and maintenance, we
might capitalise this at fx,000 per bore, These are on the
whole minimum figures and under the best conditions as
to underground water supplies. The total for the area of
some {40,000 is less than, but at least comparable with, the
total for the piping scheme,

One might summazise by saying that for Kenya and
Tanganyika conditions such piping schemes are worthy of
closer cxamination. For Bechuapaland, where the bore
water is closer to the surface and there are few mountain
streamns, there is probably little merit in piping.




THE ORGANISATION OF
WATER DEVELOPMENT

The development of water resources has for a long time
past received considerable priority in all the territories, but
they have differed a good deal in their organisation for
carrying it out,

In some cases the Public Works Department has been
responsible for all water development, At the pioneering
stage this was an entirely practical approach, since the
Public Works Department, for its other activities, had
much of the machinery, the workshops and the transport
which are required for the constructional work involved.

In other cases the reconnaissance section of water
development was given first importance and the whole
organisation was handed over to the Geological Depart-
ment. In yet others the responsibility was shared, or there
was a subdivision of the Pablic Works Department for the
purpese. Other departments were constantly concerned in
the water resources, particularly Agriculture, and either
their schemes were put through by such means as they had
to hand or they had the work done by the department
whick had the tocls and the men.

This diversity of organisation for the same general
purpose was natural encugh in the circumstances, and as
usual the machinery of organisation was on the whole less
important than the man who controlled the machinery.

Yet there are good reasons for the fact that most countries
do, at a certain stage of progress, tend to create a special
department to deal with water reconnaissance and supply.
Southerr Rhodesia #s an example, and it is now heing
followed by Tanganyika Territory and Northern Rhodesia.
The best of these reasons is that it makes for more efficiency
to keep a tool at work on the job for which it is made rather
than to alter it continually to suit.other jobs. The highly
trained geologist and the constructional engineer have
shown themseives capable of dealing with drilling pro-
grammes and siting of wells and so on, yet they do have
to switch themselves on to ore deposits and building bridges.
They are unable to give their undivided attention to either
aspect of their duties, So a natural step in the evolution of
government machinery has been the creation of a separate
and more or less independent department for Water
Development. There is some danger in the frequent use
of the word “independent” in such a connection, for no
Government department is independent in the full sense of
the term and least of all one which deals with Water
Development, & matter which closely concerns every other
department. It may be independent for purposes of account-
ancy, equipment and personnel, but in every other respect
its main object must be close co-operation with and mutual
dependence on the other departments.

The Particular value of a separate department for Water
Development lies in the fact that it must cover three rather
different aspects—Reconnaissance, Construction and Policy
—which are so intimately refated that it is more efficient to
have them under single direction. Moreover its field of
operation is clearly defined, and its interlocking with every
other department is so obvious that co-operation with them
should be almost automatic. It is, for instance, not easy for
an administrative officer or a European farmer who wants
an investigation of his villages or farm for underground
water to go to a Director of Public Works engrossed in
a house-building programme, or a Geological Director busy
with a survey for mineral resources. He will recefve atten-
tion of course, but it wiil be divided attention and there will
be delay while the houses and the minerals have their turn.

A Water Development department therefore has a clear
field, and it is also a very full ficld, especially in Africa,
where so little has yet been done, Tt would be of little use
to cutline either its organisation or its exact duties in this
report, but it might be as well to outline its scope, both to

justify its establishment and 1o underline the nature of its f o
responsibilities as well as the type of work required.
A certain section of its work would be under the general S of ©
heading of Reconnaissance. The immediate duties of z | :
reconnaissance unit would be the search for underground
water, and the siting of bores and wells. These will call at
the least for a man who is trained in geology and at best
for another trained in geophysical methods of finding
water-hearing strata, It should also have a mobile experi-
mental boring outfit as part of its equipment, an.
A second duty of the unif would be the scarch for sites ifari €N!
for surface conservation which involves measurement of
the discharge of streams and a considerable amount of rapid
mapping and levelling. Normally the areas for surface
conservation schemes would not be those scheduled for a
drilling programme. It would, however, be frequently
concerned with reports on the treatment of swamps and.
for small irrigation schemes. It therefore calls for a man | g
with some training in physical geography, geology and
surveying, and with some experience of dams, drainage and
irrigation works on a small scale.
As a background to these reconnaissance duties there
would be the very important activity of a general hydrological
survey of the whole country. Except in very favourable “ng
circumstances it would not be possible to ailot staff for thic
fundamental task, which in the long run would save so
much time and expense in planning development, and would
provide so much information for other technical depart-
ments, It would therefore be a piccemeal activity, compiled
at headquarters for the most part from the data of the feld
parties. Since very few countries in the world as yet possess
anything approaching a hydrological survey it may be as
well to explain that it is nothing less than a complete survey
of all the water resources. Rvery item of measurement in
the field, suck s depth of water table, yield of wells and
bores, discharge of streams, proportion of run-off, etc, is
coliated into maps or liste of data, so that there is inform-
ation for any form of development, including even 1 Ti
navigation and hydro-electric power. !
The reconnaissance units would provide the data and
sites upon which the division of the department concerned
with Construction would act. The actlvities of this division
; . . L ~she
are fairly obvious and it would carry out the drilling and
wellsinking programmes, the smaller conservation and
drainage works and indeed all hydraulic works except : éh
those of a size and duration requiring the employment of ¢
a contractor. The steff would include a civil engineer
capable of designing such works, but would consist in the
main of a number of experienced foremen and supervisors,
and smal] teams of natives with some training. Most of the boy
conservation, draining and irrigation works would be done
by local natives under the supervision of one or two members
of the staff, cither European or native, according to the
magnitude of the task. This division would need to have a
maintenance and repair workshop for its more technical
equipment andfor a working arrangement with the Public
Worles Department for the services of irs district workshops,
The Headquarters Division would have certain specialised
activities besides the obvious ones of Direction, Planning,
Records and general Administration. Two important ones |
will be mentioned. '
It should include a section which is cccupied with the
training of natives, a subject which is dealt with more fully
in a later section of this report, and one which is possibly
the key to the ultimate steady progress of the native
population. A less impressive but very vital activity would
be carried out by an Experimental section, probably under
the immediate direction of the Head of the Department.
The necessity for such a section will appear from the
reports on individual territories, where evidence is given
of the need for new methods of approach to the unusual
conditions ruling in Africa, whether this concerns the mode



Securrence of water supplies, the nature of local materials,
apabitities of the native population, or even the effects
evaporation, transpiration and porosity peculiar to each
trict.

One suspects that on reading the above, a Director of
cuitment will wonder what kind of 2 technical officer
to select for waork which covers such a wide field. The
tis that for water development as it stands at present in
ica there is no direet training, no label which a man
carry denoting his fitness for such work. The hydraulic
sgincer, who is 2 kind of civil enginecr, is not, as such,
"man, for he has usually acquired his experience in
|ding dams, canals and irrigation schemes on a large
weale in countries where the reconnaissance work has long
% been done. Nor s the mining engincer any more ape for
e post. The geologist does understand the reconnaissance
rt of the work but is new to the engineering part. ‘The
cicultural specialist may be the best guide as to the uscs
Fito which most of the water is to be put, but he too would
have to learn the other sides of the business, There is no
uch thing at present as what might be called 2 * hydro-
ogical” engineer, who would combine the knowledge of
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cld save so Since that is so, the next best thing for the recruiting officer
, and would o do is to select cither a physical geographer or a geologist

nd give him a year’s practice at water engineering, or a civil
ngineer and send him to learn the reconnaissance side of
ts work in a geological or geographical department.

In the meantime the water development organisations will
ontinue to sway their geologists towards engineering and
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tg even “The prevalence of a group of diseases in Africa which are
s data and either directly, as in the case of dysentery, or indircetly, as

dn the case of malaria, dependent upon water, makes it
-necessary that the medical aspect of all water development
should have the closest attention,

The co-ordination of the medical and the water services on
this matter is of prime importance, and it has not always been
the case in the past. On the other hand, the medical
‘authoritics have often been the first to give support to plans
for a safe water scheme, whether for human or agricultural
use, It is not unreasonable to conclude that the special
‘emphasis given in the past to securing water supplics from
bore holes has been due to the fact that except in very special
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e technical ticular benefits to § ined f 1 face methods
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In this general section we can only consider the broad

:!;Sc(ii}?szz . principles 'of this vital'co-orflixlation. '
Planning, The main types of infection to b.c dlSC'L%SSCd are probably
JNE Ones those of malaria, hookworm and bilharzia. The sources.of
-all of these are well known, and the appropriate preventive
1 with the © measures flrft'corlnpamtwcly simple on a small scale, but
more fally quite prohibitive in expense wlzelrc large arcas are cgncerneql.
is possibly 'I.“o some cxtent the preventive to all three _d1seases is
the native drainage, yet we have scen already that severe drainage of all
vity would .-surfacc? water would bc. dzsastmus. w© the country as a wh?lc.
bly under ?E‘Afnca is to expand in population ﬂ‘nd general prosperity,
epartment. iris cssenFlal thz‘u: the general water policy bcl thfit of increased
from  the _conservation, c1th(:1_' by natural or b'y artificial means. It
. is given femains to be considered, therefore, in what way this con-
 unasal serv'anon can be arranged to meet the requirements of
) hygien
the mode ygicne.

In anti-malarial practice, for instance, it is now established
that if the water is open to wind action, if it is more than two
or three feet deep, and if its surface is kept free from reeds,
the Anopheles mosquito larva will succumb. The use of
certain smatl fish, such as the Gambusia, is also a valuable
deterrent,

Now it is far casier to see that these requirements are met
in a surface reservoir than along an extent of a stream which
has pools and stagnant sections with marsh under natural
conditions. Again, the value of the quick-growing eucalpyt
in Ttaly and other malarial countries appears to be mainly or
perhaps entirely due to its capacity for using very rapidly
any surface water near its roots, Consequently the practice
of planting cucalypts close to the overflow sections of any
reservoir will reduce that source of casual water for mosquite
breeding. This has been shown by the anti-malarial work in
the vicinity of Ndola in Northern Rhodesia.

In general, it should be far betwer to have all surface water
draining into a reservoir which can be controlled than to
leave it scattered in pools and swamps over teo large an arca
to be under inspection, To that extent the medical authorities
would welcome surface reservoirs.

Bilkarzia and hookworm, on the other hand, arc due to
contamination of the water used for drinking and washing,
for which the fouling of the surface water by the unhygienic
habits of the native is largely responsible.

Quite apart from the campaign for latrines and other
obvious reforms, there is a need for denying general access
to surface water by man and stock. This is not an easy matter
to arrange, but it would be less difficult if ali or most of the
water for human use were in a reservoir or directly derived
from one.

This question of protecting the main water supply from
general access was discussed with a number of administrative
officers, and it must be confessed that the majority of them
considered it would be difficult to introduce, They agreed
that it was highly desirable but that it would depend very
much on the local headman concerned. Probably mere
mjunctions or “tabus ” by themselves would be of little
avail, in their opinion, but if it were made easier to get
water or do their washing or stock watering in specially
allotted places, then the desire to go w the main reservoir
would disappear,

With these difficultics in mind a scheme was drawn up
involving the the co-operation of the medical, agricultural
and forestry authoritics, as well as the administrative
service, and put to them ecither individually or collectively
for comment. It had to be an ideal scheme, rarely attainable
in practice because of local variations in topography, water
supply, ete. The opinions cxpressed by the officers con-
sulted varied widely as might be expected, None would
accept it as a whole but most would admit that certain
elements of the scheme were practicable while others were
not, in the Jocalitics they knew. On the whole a majority
were interested in it as a plan o be considered, and a few
were genuinely anxious to attempt something of the kind
in a selected place as a test. Actual figures were preferred
to a mere general scheme, though estimates of cost of the
labour required had to be omitted since they would depend
oi: focal circumstance and particularly on the lay-out of the
stream, the village, the native gardens, ctc,

In the writer’s opinion the main value in sketching such
an ideal scheme lay in the discussion and interest it evoked,
and even when the comment was adverse it often led to
some constructive amendments, The crux of the problem
lay, in almost cvery case, in the type of native concerned,
and while the administrative officers rarely said outright
that their people would fall in with the standard scheme,
many said they would like to have a tial.

No apology is offered therefore for detailing the scheme
here.




Village water supply: standard scheme

A village of about 100 persons with oo head of stock is
taken as a standard unit for calculation, It is situated on
or near an intermittent stream, such as is so common i
Northern Rhodesia or Nyasaland, which floods in the wet
season and degrades fo a string of pools or disappears under
the ground in the dry season.

The water requirements for a dry scason of say 200 days
would therefore be about 1,500 gallons a day, allowing s
gallons and 10 gallons per head per day for man and beast
sespectively, totalling 300,000 gallons for the period, Three
hundred thousand gailons of water would be the run off
from less than 200 acres with a rainfall of 25 inches in the
rainy scason, so quite a small side valley would have an
ample catchment.

This quantity of warer is quite small by comparison with
normal surface reservoirs, but we can represent it by a dam
which is about 50 feet broad by 200 feet long with an
average depth of 5 feet, having an embankment which is
12 fect high at its maximum. This does not allow for
evaporation and seepage, but neither does it include the
large amount of water held back in the soil at the sides of
the dam, these two quantities being taken as roughly
balancing each other.

The amount of carth to be excavated and placed as an
embankment would vary with the site bur may be taken
at an average of 400 cubic yards. A man can deal with from
one to three cubic yards per day with native tools, hoes,
baskets, etc.,, depending on the nature of the maserial,
length of carry, etc. Ar two cubic yards the actual cons-
truction would therefore occupy 10 men for 20 days or 20
men for 10 days. Allowing for some difficulty in excavating
the spillway, ferching antbed for the core, etc., we may say
that 20 men could construct the dam in a formight. It
would therefore be a village-scale operation if supervision
were provided, and would be done in the dry scason when
there was little or no water in the stream bed. On a
favourable site the above quantities would be very subs-
tantially reduced.

It should be recalised that the actual amount of labour
required is comparable with that which is constantly
provided by the men of the village for clearing land for
their shifting cultivation. Nor is it any more skilled,
provided that it is done under some supervisor, native or
European,

The finishing layers of earth for the embankment would
be taken from the edge of the future reservoir so as to
easure that there should be litde or no really shallow water
at the edge. This decpening of the sides is actually more
easily done during the dry scason as the water shrinks from
its maximum, Also the mud depositced on the banks in this
way raises them and makes them less suitable for the
host-snail- of Bilharzia, while the bench thus formed is an
appropriate site for planting cucalyptus some 10 or 15 feet
from the water’s edge.

To make the dam dificult of aceess to man, stock and
game some form of *zariba™ or thern fence would be
necessary in the first place, to be succeeded by thorny or
hedge plants m due course, Further, an area round the
reservoir of some fifty acres would be declared a village
forestry reserve so that ne timber would be cut except by
permission and young growth would be encouraged,

We now have the reservoir reasonably protected from
pollution and misuse, and the lay-out of the rest of the
scheme would be somewhat on the following lines.

Since no people or stock must go to the dam, some
method of drawing off the water is required. Ideally this
would be by a pipe through the embankment; a one-inch
pipe would be large encugh for the urit chosen, and about
6o feet would be needed. It would be bedded very carefully
in rammed clay (ant bed material) while building the
embankment.  Alternatively it could come through the

upger three feet of the embankment and be used as a syphon,
It would empty into a smali furrow or leat running down
the side of the valley to the village. This leat should have
a drain just above it to catch the storm water and should
be lined if the soil were very porous. The sheaths of
banana leaves make a good temporary lining for a small
flow such as this, but rammed ant bed or flat stones in clay
would be more permanent. Since a leat means a certain
amount of maintenance, which is not a strong poiat with
natives, it would be better in most cascs to have enough
piping, say 200 or 300 feet, to bring the water ail the way
from the dam.

Should the conditions put all piping out of the question,
one would fall back on the scepage from the dam. In this
case the embankment would be purposely made to allow
scepage, using coarse material, from gravel down to heavy
boulders, at the downstream toe of the embankment. The
scepage would then be collected and run into a leat leading
down to the village just above the eriginal stream bed.

At the watering point the leat would discharge down a
bambeoo or a banana leaf sheath or a hollow trunk so that
the pot or *“debbi” could be placed under it, standing on
a flat stone just above the washing pool or as near it as
convenient. No water would be allowed to escape into
stagnant pools, but-all would be led to a watertight washing
poot made by digging a hole of suitable size, lining it with
at Jeast six inches of ant bed and cmbedding stones in it,
the largest on the top,

From this pool the water would again flow through a
trough or rough fume to wherever the stock watering
poing was. This might best be above the true stream bed so
that the annual floods would not disturb it This pool also
should be dug so that it is not too shallow, and have a deep
foundation of stones to prevent undue fouling by mud
{It would perhaps be o much to expect the indigent
African to hollow out 2 log, something in his canoe style,
from which the stock would drink and from which the
water would run clear away to the stream bed, but it should
be considered.}

All this part of the work could be done quite thoroughly
and permancntly by our 20 men in onme or two days,
including fencing off the washing poel from stock.

The scheme could be varied from the above within fairly
wide limits, but as it stands it is intended to be cheap and
within the mechanical capacities of the native, to fulfil most
of the medical requirements concerning malaria, and
reduce the possibility of the nematode worms breeding.

The existence of swamps near villages is apt to be a sore
point with the medical authorities, since they are often the
worst possible sources of Anopheles, and any compromise
which can be arrived at berween the water resourccs
engineer and the anti-malaria officer is worth discussing.

Leaving really large damboes out of the question, it is
possible to devise a fairly simple scheme which should be
of value to the village and at the same time minimise the
malaria risk to a great extent.

Most damboes have a gradient, though it may be slight,
and are composed of peat upon clay. An occasional dambo
is due to a rock bar checking the drainage, but most have
been formed by the clogging of the origiral channel by
vegetation which, as it grew and thickened upon its dead
self, expanded the dambo upstream. The soil is naturally
porous though it has a proportion of clay and grades into
the typical black-cotton soil. The dambo is never uniformly
level and the real home of the mosquito larvae is in the
shallow ponds which are scattered over the surface for a
month or more after the rainy season. If these can be
drained the rest of the water under the surface is of no
danger to hygiene and serves the purpose mentdoned else
where of keeping the issuing stream flowing throughout
part or all of the dry scason.

The partial drainage of such a dambo, say uvp to a few
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Ired acres, is merely a matter of digging, and of very
igging at that, towards the end of the dry season.
general principle is a tank at the lower end and a drain
the centre, with herring-bone drains off it if necessary;
any dambocs the tributary drains are h1rdly required,
oil being sufficiently porous.

e tank should be shallow, say three or four feet, both
ase in dlggmg and because the clay bottom must not
Pxerced 1ts size depends rather on the size of the dambo,
ince it should have a secondary purpose in providing

. the larger the better. Referring o standard figures
_g@am a tank 20¢ fect long and 150 feet wide would provide
“sifficient water, with the drains, for a reasonable supply
ﬁsh. To dig such a tank, involving about 3,000 cubic
ds, is a fairly prolonged task, say the labour of too men

a fortnight, but its permanent value and comparative
dom from maintenance when dug is a counter-balance.
e sides are shaped to a onc-n-onc slope, so that the water
ill everywhere be too deep for the mosquite larvae.

f the dambo has a steep gradient, the tank may fili and
verflow at the lower end, while if the dambo has very
itle slope, the water level may tend to sink rather low in
e dry season. For both eventualities the remedy is a small
rain to the exit of the dambe. This must have a sluice,
hich can either be of wood of ordinary pattern or consist
erely of sods thrown in or cleared out according to
hether more or less water is to be allowed to drain away
own the valley.

Such treatment of a normal dambo should have three
neficial results. The drainage of surface water into 2 deeper
nk should deny breeding places to the Anopheles for most
if not all of the year. The land ncar the edge of the dambo
ill dry out sufficiently to grow crops, and finally the tank,
f iargc enough, may be a source of protein food. At the
same time the dambo does not part with its general value

a reserve for the run off of the streams below it,

It should be clear thercfore that conservation of surface
ater in dams and tanks can be so arranged that it acts
ther as a preventive of discase and would receive the
pport of medical authority,

The case is not so simple for irrigation projects, yet these
must ultimately become a feature of African agricuiture if
i£ds to keep pace with the expansion of populatien and the
rowing of marketable crops. On the other hand this is a
oblem which has had a great deal of attention in the past
d needs no special reference here, From the point of
ew of malaria the worst crop is rice, yet it is one which
will appeal to the African who is suitably situated with
pard to water. Something may be done in the form of
injunction against planting rice nearer to a village than
specified distance, but it would be difficult to see that such
0 ordinance was carried out. For ordinary irrigation
Iso an injunction against jrrigation at night would be
elpful, but™this too needs a degree of supervision which
nnot be arranged except in a few favourably situated
ocalities,

For the ardent irrigating engineer there is some comfort,
fa sorry kind, in the assertion of many of the doctors that
hat there is greater menace from a single stagnant puddle
nside a village than in an acre of fooded ground away
om it

The full development of water resources touches the
epartment of health at almost every point and requires the
osest co-ordination of effort and understanding of aim on
¢ part of the doctor and the water engineer. There are
agnificent examples of such close co-operation between
calth and administration within a single district in a
tritory where the social welfare of the natives has had the
eatest benefit. There are also instances in melanchely
ontrast where there have been strong divergences of
pinion and appeals to higher authority, which rarely
nows the Jocal conditions, for a decision on priority, This

is sometimes due to the personalities concerned, but more
often it is induced by the tendency to work in closed
compartments without mutual information as to the policies
and aims of each section.

LEGAL ASPECTS

It is almost a truism to say that the older a country, or the
more ancient its civilization, the more tangled is its water
law. Conversely, the younger the country the simpler should
be its ordinances regarding water, but this can only be so if
legislators have taken early and wise decisions.

Most, but not all, of the territorics with which we are
concerncd have already framed Water Ordinances or passed
Water Acts which are well suited to the circutnstances of
their present state of development. One might cite the Water
Act of Southern Rhodesia as an example which, in the main,
aims at simplicity and justice, and except in certain minor
points scemns admirably adapted fo that country’s nceds,
Northern Rhodesia has for long had a Draft Ordinance
which is now being amended in certain respects, while
Nyasaland is about te frame one to suit her own special
circumstances.

Since none of these can be really final, even though altera-
tions are apt to introduce complications, no apology is offered
for a section on the legal aspects of the development of
water resources. It can hardly amount to more than com-
ments by an observer who has had no legal training, yet who
has had enough experience with water resources in different
countries to be aware of the pitfalls presented by either too
much or too little legislation. In a young country embarking
on widespread development of all its resources there is perhaps
nothing which can affect so deeply its rate of progress as a
wise or unwise law concerning water. In gcnerai, unwise

“cnactments are due more to the framers’ lack of close experi-

-t

ence of the manifold uses of water than to the oft alleged
preference of lawyers for the devious and the circuitous.

For a pioneer country the first requirement in a Water
Ordinance is that it should encourage the development of its
water resources and not hinder it its general tone as far as
possible should be permissive rather than preventive. At the
same time it must ace as a safeguard of rights, whether of
the native village or the settler or of the Crown itself. Finally,
it should be as simple as possible, and need the minimum of
machinery for its operation. It should be, in fact, the very
opposite of some water ordinances which bristle with clauses
deroting “ Thou shalt not™, which are ambiguous or cir-
cumiocutory in their language and which therefore invite the
law’s delays, counsel’s opinion, and litigation in general.

Some of these characteristics may perhaps be inevitable in
the laws of older lands where original ordinances have had
to be constantly altered to accord with changing circum-
stances, and yet are hedged about with ancient rights, sacred
customs and vested interests of all kinds. They should not be
necessary for countries which are starting with a clean sheet,

There are certain fundamental principles which should be
borne in mird in framing water law for pioneer countries,
the neglect of which has certainly been responsible in some
cases for awkward clauses.

The first of these is the distinction which, by its nature,
is inherent between water as property and land or buildings
as property. Although the ultimate source of water is rainfall,
whicl might be said to accrue to the land or which it falls,
the product is mobile and is immediately distributed by
natral means or even artficial enes and soon Jeaves its original
site. Consequently one cannot say that water belongs to the
land it is found on or im, at least not in the same sense as in
the case of seil, natural vegetation or minerals. To appreciate
that this natural characteristic of water may have considerable
force one has only to imagine the difficulties that would arise
i top soils carrying crops were apt to wander downhill from

‘one property to another.




This mebility, by the accidents of relicf, fissures in rocks,
or cven the absorptive power of soil, does in fact bring
greater water benefit o some lands than to athers. Since these
accidents improve the value of such lands, which appears in
the price paid for it, there has arisen the convention that
water may be regarded as part of the land property along with
soil, timber, otc. Minerals under the ground and the air
above it, have in the past often been regarded, in law, as in a
different categery to the soil and tmber, and it would appear
that water, as property, requires in practice a separate category
also in recognition of its quality of mebility.

It is this commonly accepied principle, that water may be
regarded as property attached 1o the land on which it lies,
which is responsible for much of the difficulty in framing
ordinances. It must be regarded as property in onc senise
sinee it has value, yet it is a property which may move away
to other land or be stopped at source. In virtue of this it has
somewhat the character of communal or public property and
this must be recognised in the laws which reguiate it

Some at least of the difficulties in framing ordirances can
be avoided if it be laid down as a premise that all water,
wherever and however it may occur, is the property of the
Crown, and that the Crown does not part with this property,
but only with “righrs of use”. Such rights have a value
which is somewhat similar 10 complete ownership in that
they go with the land to which they refer and can be bought
and sold with the land as *“appurtenances ” or “ enhance-
ments . Yet the scope of the rights can be defined
precisely in the ordinance.

In many water acts the definitions of “ private water ”' as
opposed to “‘ public water ” give rise to difficulties precisely
because water 38 in general moving off the land and can be
withheld to the detriment of the owners of neighbouring
fand which in nature would receive some of that water, The
use of the term * private water 7, in some of these cases at
least, seems to refer to access to water on private land rather
than 1o the water itself. In so far as this is so there is nothing
o be gained by the phrasc  private water 7, since lawful
access can be regulated in other ways. Morcover, the private
owncership of water must usually be accompanied in the
ordinance by abatements to that ownership providing that
if the water is not used heneficially by the owner the right to
use it may be conferred on others.

On these and other grounds, therefore, it is arguable that
an ordinance is simpler and more easily operated if it omits
all definitions of private and public water by vesting owner-
ship in the Crown.

All legislation governing the use of water must in some way
specify different categories of such use. In Africa the usual
categories arc:

1. Primary use—for domestic purposes, including domestic
animals.

2. Secondary use~—for irrigation purposes,

3. Tertiary use—for power and other industrial purposes.

<t

At the present stage of development of the territories these
definitions are probably adequate, but it is casy to foresee
circumstances under which they would have to be made more
precise,

For instance, primary use as so defined in relation to
domestic animals may be held o include herds so large that
they are beyond a subsistence value and are just as much a
means of profit as are crops under irrigation. On lands where
water is limited it might be necessary to specify more exactly
the Hmits of primary use for stock.

Similarly, the secondary use of water for irrigation must
chviously be related to the amount used and may require
further definitien distinguishing hetween irrigazion for sub-
sistence and irrigation for profit. Seme such distinction will,
in any case, be easier o regulate than that implied by the term
“ beneficial use ** which oceurs in some ordinances.

Such modifications of definition and further distinetions as

Y

to the use of water may be left to the foresight of those whe
frame the ordinances, and we pass now to a fundamentsl
corollary to the suggestion that all water should be the ]
property of the Crown.

Under the acts which define private water as giving sole -
and exclusive use to the owner of the land there is nothing to
prevent that owner from sclling the water, since he owns it |
while it is on his land. Usually the amounts of such saleabie i
water are so small as to need no specific treatment in the ac,
But there are cases, which may wel] increase in number,
where such ownership of private wazr for sale may be of far
greater value than the land on which it occurs and may even
reach the status of a monopoly. For instance, a large supply
of water from a spring (which is usually included as private
water) of from a mine is of great monetary value if it oceurs
near an urban centre, and some form of legal control i
required. If the water is defined as privately owned there
are difficulties in the framing of such control. On the other
hand, if all water is the property of the Crown the require-
ment of a licence to sell is implicit, and royalties or other
necessary congditions are automatically applied.

Considerations such as these occur naturally to a visitor to
these territories who has come from other countries where
water for secondary and tertiary use is almost invariably paid
for, and fully regulated. Such arrangemeats will come into
practice in due course in Africa and it would be as well for
the water legislation to foresee and prepare for them.

It sheuld be realised that such firmer control of water by
the Crown as is recommended by these means is not a
hindrance to the development of water resources, bur is
designed to bring such resources into line with others, such
as forests, communications, minerals, etc. All the territories
spend large amounts already on water development anj
should spend more still, but very little of it produces returns
in the form of water rates. A rate charged on the primary use
of water would be out of the question in noermal circum.
stances, but for secondary or tertlary uses it should be more
or less axiomatic; nor is it an abatement of the privilege of
ownership of land if the rate is fixed in relation to the cost
of water development and control by the Government,

There are two physical features in Africa which must be
kept in mind when the legal aspects of water development |
are being discussed--namely, the damboes, or swamps, and :
the sand rivers. It has been shown clsewhere in this report
that the treatment of swamps is one which requires firm .
control lest ill consequences follow, yet the typical dambo is
so small and so widespread in some territories that loca
inhabitants might easily copsider them as their own for any
treatment they desired. Permissive powers must therefore be
held by the Government as to such treatment, powers again ;
which would be easy to exercise if all water belongs to the
Crown, but inviting difficulty if it is regarded as private
property. In the case of sand rivers, on the other hand, which
usvally eccur in drier and predominantly pastoral couatry,
private ownership may easily prevent their proper develop-
ment as a source of water for stock far beyond riparian land.

Lastly, the legal aspect of water resources is closely bound
up with all the other relations affecting white seetlement and
native reserves. In some territories these water problems have
already achieved an unfortunate notoriety and they are likely:
to appear in all in due course. It is submitted that here again
the conception of all water as belenging w the Crown as
against that of private ownership should at Jeast simpli
whatever legislation is required w carry out the polic
chosen. It must be accepted that in process of time the nativ
will acquire the knowledge and experieace 10 use water fo
irrigation as does the Buropean and that laws must be frame
with that future development in view.

To the European sertier, who is usually energetic and far
secing enough to develop the water on his land, th
ordinances must lend encouragement in cvery way short o
granting exemptions from the fundamental restrictions. |
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s already been explained that in countries with a pro-
wounced wet season: every check weir or work of any kind
hich holds water back is in effect an improvement to the
nd lower down the strearn. Even irrigation projects when

ving sole ey are small in relation 1o the towl discharge of the basin

«wothing tl°' t as an improvement. :
¢ owns it A water ordinance should thercfore empower its board to
& saleable reward any enterprise which does in fact benefit the country
n the act -2 whole, while reserving in the background certain
number, nctions against those who work in the other direction,
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28 private he native tribes of the territorics differ so widely in habitat,

‘u Occl“r,s customs and in state of devclopment that it is impossible

;c:‘;trtc;l 1 o treat them alike under this heading. Some, like the Chagga
cre

f Mt. Kilimanjaro, were water-wise even before the white

the other n came to Africa; others are so backward that they seem to

; require- ave no glimmerings of common sense about saving or using
or other ;
water,

. “The suggestions made in this section must therefore be
visitor to pplicd not as a whole but only where there seems some
es where rospect of vatue to be gained.
ably }.md It has often been remarked that since the African has but
Ome N0 g recently emerged from an age when tribaj wars and slave-
well for aids were chronic we must not hurry him along roads which
- are strange to him; and that we should not expect those tribes
water by which are lacking in a communal sense w swing over to
515 él::: ; co-operative effort within the space of a generation.

i

- It is true that it is Jittle more than sixty or seventy years
since the population of much of Central and East Africa was
largely divisible into the two categorics, the Slavers and the
Enslaved, or more accurately, the Raiders and the Raided.
Even though this lasted at its most intense phase only for
ghout fifty years, its effects sank deeply into the tribal our
look and character. Yet to a visitor for the first time, who
had read of these unhappy results, the general impression is
that the African is, on the whole, willing to walk along the
new road, has already come some way and, in many respects,

ers, such
erritories
went and
§ returas
.Tl?:‘.l’y ase
circume-
be more
vilege of
the cost §

ent. needs little urge to hurry.

must be - It is sometimes said that the native needs more education
slopment before he can fully co-operate in what is really his own
nps, and salvation. It might be said-with equal force that in material
1s report matters such as the development of water resources, what he
res ﬁ”.n needs is more demonstration of what can be done and more
lambo is nvitation to join in, more emulation of those who have
wt Jocal zdvanced.

for any In the past it was usually necessary for the Government to
efore {')c o the quickest way to work in providing water supplics by
-Ts agaln ores, masonry lined wells, scaled-in pumps, and so on, all
s 1o the £ them beyond the capacity of the African and often beyond
ip\;l;iit{: his undcrsmndi“g'_ On(': cannot fully acccept the statement
+ _ ften heard that the native is lazy and complacent even over
Clountry,. {s scarcitics and is all too ready 1o stand aside and let
develop- Government ” provide his water. It may be suggested that
an land. e is at all events 1ot inherently so but has been constrained
¥ boung 1o lack co-operation because generally he is quite unable to
1ent an fo-operate in such works, except as a labourer. A stage in
s have evelopment appears to have heen reached when the native
re llkc})( aders, whether ranked by status or intelligence, might be
rC again given a far more direct encouragement to join in both the
r?“’“], fas tesponsibility and the practical operations.
Sumpliy There are two cogent reasons for this: the one guite a
: pOI.lCY material one—the reduction of cost—and the other a psycho-
¢ native logical one—the sharing of responsibility and appeal to their
!z;tcr fodk sense of pride and satisfaction, even if that sense be some-
siramed what Jatent,

; ¢ In this report there are recommendations for action on two
and far different scales which may be called the public utility scale
nd, the ~large conservations or drainings-—and the village scale. It
short of is on the village scale that it is suggested that more
ions, It éc.opeml—ign might be sought. With but a brief knowledge

of the territories I could not detail the exact means which
would be appropriate for secking that co-operation. | would
imagine, however, that there are always two main methods.
One is the personal appeal and advice of the district com-
missioner, backed as it has so often been with admirable
results by that delicate hint of “I shall be displeased if you
do not carry this out”, which has so often bencfited the
African in spite of himself, and yet does not offend by being
a coercion. The second method, alreadly proved 1o be an
efficient one in some fields, is that of example. If one head-
man or chief can be cajoled into some communal action which
is easy to sec and understand, and if others can he shown the
beneficial results, the spiric of cmulation or envy—for no
doubt both operate-——may well work wonders.

This suggestion is intended to extend beyond the excellent
method of native authorities and rative treasurics to be seen
in many places which, under advice,. originate and carry
through work which is paid for. Good as it is that method
s still apt to leave 100 great a gap hevween the people wha do
the work and the people who benefit, and to neglect the
natural inclination of a community to help themselves by
doing the work without any money payments. Most opera-
tions for water development benefit the whole community
just as obviously as does the cutling and maintenance of a
road, and where, as in road making, it needs nothing but
fabour and their own tools, it seems an ideal type of eperation
to be done on an entirely voluntary communal basis.

Nor is such a voluntary basis by any means a new thing to
most tribes, however much aflected they may be by the more
civilised attitude that all work should be paid for in some
degree. Hunting and war, for instance, have in the past been
largely comnunal, or at least without pay except by the spoils.
Whether the benefit of more and better water can be repre-
sented to villages as the spoils of work remains, I imagine, a
problem for the district officer. At least it should not be
treated as a new or foreign idea to the African, who is in
many respects in the same stage as we ourselves were less than
a thousand years ago, when village activities from harvest-
ing to hunting, from digging leats to improving routes, arose
as often from communal enterprise as from feudal commands.
One is indeed compelled 1o say that just as such concerted
action improved our national character in those days, so it
should operate on the native African who, now that the white
man protects him from war and famine, is all too apt to sink
back into an isolation and independence of village or family
which the world as a whole, and Africa in particular, cannot
afford to encourage.

Granted that the capacity for such communal effort be
there, though latent in him, the African does need advice
and, in certain operations, supervision. This naturally leads
to the consideration of the training of natives in all the
simpler operations required for water supplics, What is being
done admirably for agricultural advancement in several
territories should, [ submit, be done for water development—
namely the holding of courses of training in the ordinary
type of work required. This must gradually produce a
number of competent operators and supervisors wha, whether
they are ultimately employed by governments or native
authorities or merely return to their villages, would provide
a nucleus of water-wisdom and experience of the greatest
value. The cost of such training courses should be small in
any case since, while training, the classes are producing works
of some value, but it fs not a matter for profit and loss
argument, it is far too fundamental for that.

If we take, for example, the time-honoured method of the
native himself for water supplies—well-sinking—we find at
once that a comparatively simple training in the, to us, well
known methods of sinking weils through loose ground and
lining them, would quickly put the native in a different
world for his water supplies. It is almost incredible the
extent of land where water s known to be within twenty or
thirty feet of the surface by the native himself but which




H
i
{
1

experience has taught him to leave alone because he cannot
deal with the sand which inevitably rolls in en his work if
he sinks beyond a few feet. Well-sinking and well-steining
is a craft well within his powers, but it must be taught. The
same is cqually true of the smail-scale earth dam, which
indeed he could always build fairly well, but he could never
see that a dam without an adequate spillway is bound to he
washed away in the next rains.

Drilling for water comes inw a different category alte-
gether, but the very fact that there are now a number of native
capitios who have worked in drilling-crews and are capable
of putting down a simple bore-hole shaws what the native can
learn if he likes.

The waining courses under discussion would pot normally
include drilling, but be restricted to fairly short courses of
six months or so in wellsinking, contour ditching, small
welr construction, ete. There would soon be men from the
initial course with the capacity to go further and learn some-
thing about siting of wells, measurements of stzeam discharge
and setting cut work for weirs or irrigation schemes, or the
simpler uses of water as power. If possible the native
authorities should be closely linked with the training courses,
even to the extent of providing some of the money, perhaps
on wken terms only, for sending a representative to the
course, who would in that case return to the district and
become available as a foreman or miner supervisor of the work
being done under the authority.

In other words, the basis of the scheme is to provide a
number of reasonably qualified men for the development of
water resources by the natives themselves rather than to
preduce more and better teams for the Water Department. It
is in fact a step in the direction of enabling the native to help
himself instead of sitting back while the government provides
the water by its own magic means.

The psycholegical effect of calling upon the African to help
in working out his own salvation is not new or mysterious,
for it is evident already in other spheres, suck as coffee,
tobacco and cotton growing, in fisheries, and 1 a minor extent
in simple carpentry. Against these successes in participation
in the white man’s agsistance towards development one may
sct many cases where there has been next to no reaction in
that direction. The classic case is that relating to hand pumps
for well water. Most engincers in Africa will say that there is
ao known form of pump which the native will not break,
and that to design the unbreakable pump for native use is on
a par with squaring the circle. Before we join in the chorns
of blame for such a state of affairs and speak of a complete
lack of intelligence in the African, we should do well to
remind ourselves of our own failings over such things as
wireless receivers, The average wircless servicer or expert
will say precisely the same thing of the normal owner of a set,
that he breaks his set through lack of common sense as to
what a egndenser is for or what amplifying means, In their
differing degrees the reason for being clumsy is the same in
cach case. The average native woman, for instance, has no
conception of the principle of the lever and not much of the
wheel, so it will be merely amusement or variety for her o
turn the wheel backward, or overload the pump handle il
it breaks. Still further beyond her mental grasp is the idea
of suction bringing the waser up the pipe or the function of
valves; the whole contraption remains a white man’s magic
and if it breaks down there is o help for it, at least not frem
black brains and hands.

On the other hand, after seeing the craftsmanship of some
native carpenters and motor mechanics one is loth to accepe it
as an axiom that the African is unhandy and unintelligent
with tools and mechanisms. Obviously he can learn—why
then does he not begin to apply his learning to his village
life?

Here we come up against much more fundamental reasons
than mental capacity, and some understanding of them is
necessary if the development of water resources is to go

smoothly. Governments cannot go on for ever providing:
facilities for water to be misused by natives, nor is it wise w'’
plan large schemes, as for irrigation, to benefit the natives if
they are not going to accept the benefit,

At any sundowner party in Africa when the conversation
happens to light upon the subject of native ineptitude and

sher wor

lack of initiative, one hears a dozen reasons for it. We must he frequ
allow for the white man’s exasperation which drives him £ data
use unhelpful adjectives for the native, such as “ bone-lazy ™, ery helpl
“ primitive ”, “congenitally ham-handed”, and so on, gc calle
especially as the same white man in calmer mood will speak A scarc
of his hoys’ essential loyalty, considerable degree of honesty sritories
and occasional forethought. More thoughtful members of [ent, and
the party will qualify the African deficiencies by adding, uch’ as

“ Why should he work, why should he think, why should gy ¢ spe
he join in the mad scramble for progress? * Or they may | Nor is |
indulge in clichés such as ascribing it all to the essential con- ne mark
scrvatism of the native women, or to their chronic state of egurding
latent malaria or other discases sapping their wvitality, or e long

asserting that he is not yer grown up. The still more thought { speciali
ful will introduce historical and anthropological arguments, -IrI: coun
pointing out that the Bantu is still potentially a wanderer ttention

over the face of Africa, that he has not yet recovered from the ritories
sense of insecurity which made him a wanderer, cither war- ranches

ring or warred upon, or that he stll has the slave mentality. ‘e alw;'

It has to be admitted that most of these assertions have a uthoritic
measure of validity. They can be regarded as contributory ermit. Tt
causes in varying degree, and it is not for the passing visitor istributic
to enter the lists with any firm assertions of his own, yet he cation o
is able to cull something from such conversations and combine ased upc
the impression gained into a general hypothesis. e carnot To a ot
but observe that the African lacks the contemplative {facultics scords, ¢
of the Oriental; in other words, he does not sit and think, he xi;ectc’d
merely sits. His conversation with his kind is rarely wue any ree
debate, it consists of statements of fact, or fancy, and its object ecords
is to entertain rather than to convince. Nor has he the instinet ved tk;a
for business and love of barter that is so fundamental in the “There
East. The idea of amassing personal wealth is, on the whole, e more
foreign to him; personal property is something to him, and so ince ©
is family property, but on the village scale his ideas are more B o0
communal, The money fender or food hoarder of the Asiatic B 5 er
village appears to be almost unknown amongst the Banti - discha;
cither because such practices do rot appeal to him or because % (el an.
such a character would have short shrift. ores, -

To be {air one should not-think of these attributes only in hgin’eex
the ncgative sense of something lacking, for they imply nplet
something positive also, something kindly. He may not do ast Af
much thinking, but neither is he a plotter or an agitator; he | On th
does not haggle and hoard, but neither is he out for selfish bout
personal gain at the expense of others. He is, in fact, much another
more apt to share than to cheat, and his object in life is "uring
contentment, not competition, spring

We can apply some of these characteristics, with caution, | oon. .
to the question of progress in general as we understand it, f such
and to the development of water resources in particular. lso he

The African usually prefers to use his muscles rather than ‘Here
his brain; labour he understands and even enjoys in company, mely
but the idea of saving labour by a little ferethoughs or plan- or the
ning does not come naturally to him. The best illusiration “The
of that is the story of the contractor who bought wheelbarraws erritor
for his labourers only to find they carried them on their begin
heads, The women are even more conservative and it would ettlers
never occur to them to dig a furrow to bring water to the Pr
village to save their daily walk to the stream to carry water Sy
in their pots. On the other hand, if it occurred to someone Ti
else the women would appreciate the saving of labour.

The fact of the matter is, they have a reasonably erdered Fi
life, now free from warrings, and there is no particular urge T
to make it casier, or to make it pay better, However, the thin Re
edge of the economic wedge has been inserted, and when M

consumer goods are available the expectation is that the native
will want o become a producer in order 1o buy them. In




er words, what has happened in the more developed parts

carly ail the territories will spread to the villages away
m the railways and main roads, and then, but not till
ien, will the African want to be shown how to obtain more
ter for his stock and crops.

HYDROLOGICAL SURVEYS

ie frequent references throughout this report of the lack
‘data concerning water resources, however true, are not
ry helpful, and some suggestions towards a remedy seem
he called for.
A scarcity of measurements is inevitable in the case of
ritories which are still in the pioneering phase of develop-
nt, and is not primarily due to lack of official support so
ich as to a dearth of funds, of instrumental equipment
d of specialist officers.
Nor is it likely that in the immediate future there can be
y marked increase in the official means of measuring and
ording the data required, even where it is realised that in
_leng run it may save expenditure on a multitude of
fspecialist surveys,
n countries so dependent upon rainfall it is natural that
ttention has been paid to this aspect of climate. Some
ritories are reasonably equipped in the meteorological
ranches, others are only beginning, Climatic data, however,
fe always interesting and there is no doubt that the
dthorities are anxicus to extend their records as funds
ermit. It is not only a matter of funds, however, since the
isuibution of recording stations depends mainly upen the
cation of bomas or administrative centres, which cannot be
ased upon such things as the need for climatic study.
To a certain extent it is possible to say that meteorological
ords, especially of rainfall, are as comprehensive as can be
ccted and will steadily grow in number and value. In
any respects it is the collection and co-ordination of past
cords, including * unofficial * ones, that is 2 more urgent
eed than the amplification of stations,
here are, however, ather types of hydrological data which
re mare difficult to obtain and are of more immediate impor-
ce to any schemes of water development, These concern
th surface and underground water and, in one form or
wther, come under the general term of yield” or
discharge * of all types of supply, rivers, streams, springs,
¢lls and bores. Except in the last category, that of wells and
ores, which are usually proved or measured by the
ngineers who have sunk or drilled them, there is an almost
mplcte absence of discharge measurements i Central and
ast Alrica,
On the other hand, there is a great deal of local knowledge
bout water which is related o discharge in one way or
tother, such as the length of time for which a stream runs
uring the dry season, the number of people supported by
spring, the dates ar which game forsakes a certain area, and
on. Amongst.the serlers there are many shrewd observers
f such things and a large number of administrative officers
so become keenly water-conscious abour their districts.
Here, then, is a first step towards a hydrological survey,
amely, the collection of this information which can b had
r the asking.
The best means of obtaining such data must be left to the
rritory concerned, but the general suggestion is that it might
begin with a questionnaire, in simple form, directed to all
ttlers. It would ask for information on such matters as:
Private wells and bores and their yield.
Surface dams and weirs and their performance.
The duradon of flow of streams and estimates of
their discharge,
Fleod data.
The existence of springs and seepages.
Records of rainfall and climate.
Miscellancous information and suggestions as to
TCSOUICES.
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If this preliminary enquiry were conducted in a reasonable
way, explaining why the informadon was being soughy, there
can be litie doubt that the majority of settlers, whose
livelihood largely depends upon the development of water
resources, would give freely of their intimate local know-
ledge.

The assistance should, however, be mutual and there
should be sent with the questionnaire such data as were
already available concerning the district, in the form either
of a map or of a table of rainfall data. This exchange of
information should conviace the recipient that it was
co-operation that was being sought and net merely an
“official return” with all the implications of that term,

The enquiry should also ascertain how far the recipient
was prepared to continue or mmplify his observations on
rainfall, height of water table, etc.

The response to such a general appeal might not be
universal, but it would be very sincere in a large majority
and the results would be of considerable value. For the native
reserves the same general informatien would come in more
slowly via the district officers. A pamphlet recently printed
in Northern Rhodesia, entitled “ Notes on Water Recon-
naissance "', was written for the purpose of guidance in the
simple measurement of water resources, and if this were
distributed to officers and scttlers who asked for it their
interest in the matter would probably be further stimulated.

1t must be realised that the data thus obtained would be of
minor value until they were analysed and correlated, and
that means the services of an additional officer in the depart-
ment concerned. Even so, the scheme represents a very
inexpensive way of obtaining a great deal of information. In
that connection it should be remembered that during the war
many members of the W.R.IN.S. and the W.A.AF. were
trained in metcorology and proved very capable at the same
type of work as this would be. The coliection and analysis
of these water resources data might therefore be entrusted
to a woman, preferably a University graduate, who had had
some preliminary training in related subjects. Since the work
involves the use of distributional data on maps and some
knowiedge of climatology the officer required would probably
be found from a department of geography.

It is strongly recommended that the authority responsible
for water development in cach territory should consider some
such means of collecting the available data and thus using
the considerable amount of knowledge concerning resources
which is at present hardly tapped. If the officer responsible
for the enquiry were also allowed two visit the various districts
he {or she) would probably be able to spur the amateur
ohservers to further useful measurements. As the “ Notes on
Water Reconnaissance ™ cndeavours to show, therc is mo
reason why stream discharge measurements of real value
should net be made by anyone with a moderate amount of
ingenuity and with the simplest equipment.

In my tour of the different territories perhaps the most
striking thing was the existence of many specific problems
concerning water which could not ke tackled or even properly
outlined because of the lack of data concerning them. Some
of these are mentioned in the report, such as the recurrent
fiooding of the Bangweulu Swamps, the ‘ cyclical * rise and
fall of lakes, drainage preblems of the Okavangoe, navigation
problems on the Zambesi, and so on. The first necessity in
nearly all of these is a reconnaissance survey, and in the
majority of cases this survey does not call for highly qualified
engineers and surveyors in the first instance.

They involve visits of some duration to somewhat
inaccessible places by young men who will not be deterred
by difficulties and miner hardships, who have sufficient
knowledge to use survey instruments and make simple hydro-
logical measurements, who are interested and energetic and
who possess what might be called the expedition spirit.

Now these are qualities which are possessed by a propor-
tion of graduating university students o a marked degree,




and"in the recent past they have sought an oudet in short
expeditions of one kind or another, often to the polar regions,
which have been supported by university and college
authoritics as well as by the Royal Geographical Society,

Africa has already bencfited from slightly more senior
expeditions for specific purposes, e.g., fisheries, geology and
anthropology. In the case of hydrology, however, there is 10
one department which can be called upen, since it is not as
yet an organised subject in university curricula, yet the right
kind of man can readily be found from departments of
engineering, geology and geography. Such men should have
had sufficient practice in field observations of one type or
ancther, especially of the more rapid types of survey, to
enable them to turn very easily to the specific measurements
required.  Morcover, the benefiss would be murtual, since the
men are sceking experience in the field as well as an outlet for
their encrgy, while the colony requires preliminary figures
and reports for which they cannot spare their technical staff,
Gencerally speaking, the expediton would bring up-to-date
instruments and methods t the werk, while the territory
would furnish facilities as te transport and local help, and
in particular an officer who would be in charge of these
matters. The type of problem which might be attcmpted
varies very much, from what might almost be called
exploration standard down to something nearer a routine
survey, which in Africa cannot be called dull or humdrum
work.

Thus a hydrolegical traverse of the middle section of the
Zambesi Is urgently required, for a variety of reasons, yet it

‘is a task of some magritude and some hazard, not to be

undertaken lightly. With a good leader of local experience,
however, a small group of three or four men, properly
equipped with transport and instruments, could, in a single
dry scason, produce a survey and repert on potentialities in
avery satisfactory preliminary way.

At the other end of the scale one might mention as an
example the preliminary mapping and levelling required to
ascertain the irrigation possibilites of a small area such as the
Taveta district in Kenya, the Mlanje district of Nyasaland or
parts of the Ruaha watershed in Tanganyika Territory, work
which requires encrgy and interest rather than judgment
and expertence, and could be done in a period of two or three
months. DHscharge measurements of rivers would be one of
the regular duties of all these expeditions and they would
leave gauge stations at suitable points which could be read at
intervals by local peeple to extend the period of observations
in the way essential in all hydrological surveys.

The matter is already receiving some attention from the
Colonial Office end and the purpose of referring to it in this
report is to call the attention of colonial administrations to
the possibility of obtaining by this cheaper method the
kind of preliminary surveys without which no professienal
enginecrs can advise them fully on projects of water develop-
ment. One might go further and add that each territory has
amohjst its officers men who are themselves of the expedition
wmperament and who would make entirely suitable leaders
or local laison officers for a group of technical but inexperi-
enced visitors, If such could be seconded to that duty for the
required period there would be no risk that the real purpose
of the expedition would be subordinated nor of any
misapprehensions on the part of the African population as
w what was being dene,

One cannot omit reference to the part which can be played
by the central advisory councils on research which is in
process of establishment in East and Central Africa.

In so far as their function includes scientific matee
which are of wide extent and application, beyond th
boundaries of any one territory, their attention wou
naturally be drawn to such things as the co-ordination of:
climatological work, the inception of surveys such as the
one just menticned on the middle section of the Zambesi,
or even the more routine work of seeing thar information
on water resources obtained in one territory was available
to ncighbouring ones. :

In some of the biological problems, for instance, that of
the tsetse fly, the rescarch is so obviously appropriate ford
combined action that there can be no question as two th
propricty of its being co-ordinated and even controlled b
a central authority. The case is not so clear with regard ¢
problems of water development, which at first sight would
scem to be the whole duty of the individual terzitorie
concerned.

Yet there are certain aspects of hydrology which can
hardly be dealt with by a rechnical department in a colony, :
aspeets which come under the category of general research
and therefore should be dealt with by some central body,
It is not suggested that such a body shouid undertake .
fundamental rescarch, which is best left to large and wel
equipped organisations in Europe and America. On the
other hand, there are several problems of a general nature
which can only be investigated for Africa under African
conditions. One may instance such unknown guantities as
the reladve rates of cvaporation from water surfaces and
swarnp surfaces, the part which swamp vegetation plays ia
natural conservation, the rate of seepage in sand rivers, the
origin of “brak ’ soils and so on.

Again, the overriding importance of climatology in any
study of water resources might well be recognised by
having an officer attached to a central research body whose
whole duty was the interpretation of the meteorological
records of the associated colonies ampliied by special
stations, probably temporary ones, required w fill gaps in
the records, and a grear deal of travel.

It may be remembered that the Australian Government
for many years found very useful empleyment for such an
officer, who was called the Chief Physiographer to the
Commonwealth. His work on the climatclogy of Australia
and his deductions as to its habitability and rescurces remain
a standard of reference which is in constant consultation.

Other directons in which general rescarch should be
undertaken: could be mentioned, but enough has been said
pethaps to show that as the work of the advisory counceils
expands it will be found that attention to problems co
cerning water will be urgently required, -

A final word may be said as to the type of technical officer
required for assessing water resources. As already pointed
out in the chapter on Organization there is as yet no clearly
defined training for a hydrological expert. He may begin
as a geologist or an engincer or even a physical geographer,
and except for the fact that he must be a field scientist he
might have siill other origins.

It is, however, nccessary for him to have a wider view
than his original training would, of itself, give him, since
he is concerned not only with the existence of water, but
with its potential uses. He therefore finds himself called
upon to estimate social, economic and even politcal values
in his work, and these judgments may often be of greater
actual importance than his purely scientific training in
finding or measuring water,




itific matter
beyond the'
ation  would
ordination o
such as the!
the Zambesi,
- informatiop 4
vas available

1.
qui past several factors have tended to make the
ectorate less known and more remote than any of the
r territories included in this report. For instance, its
area, 275,000 square miles, which is exceeded only by
panyika Terriwry and Northern Rhodesia, and jts low
ity of population, less than one per square mile,

hen there is its inaccessibility by normal means of travel,
in this respect it §s almost unique, for the railway line
the Cape to the north passes inside its eastern border
nearly 400 miles, so that nearly everyone resident in
tral Africa has passed “through ™ the Prowectorate,
ngh orly ene in a hundred thousand has ever stopped to
e a look ar it. These who do stop find that eravel rowards
-west, away from the main read, which closely follows the
ilway, is difficulc for cars at any time and impossible at
ain seasons. The names which are used for the vast
ns which stretch away to the west as the passing traveller
kes his comforiable rail journcy are themselves dis-
juraging—"* The Ralahari Desert”, “'The Great Thirst-
nd 7, and so on, He is unfavourably impressed by the
equency of stations on the raitway line, the numerous
li bridges passing over dry rivers of sand, the rarity of
ve villages. Knowing that the railway line passes through
i most populous part of the country he wonders, with some
on, what measure of aridity and dreariness he would
if he were o go into the heart of the country. Neverthe-
s, the discerning traveller will notice many things which
ne him to amend his first impressions. FHe will be amazed
he luxurious growth of grass in the rainy scason and
ually surprised at the good condition of the stock in the
y scason when there appears to be no grass. He will
ance the scarcity of population against the fact that the
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ole, fairly busy, for Africans. Should he have the oppor-
ity to discover it, he would be most agreeably surprised
find a fair proportion of them able 1o speak and vnder-

1sultation, nd English, while if he met ane of the senior chiefs he
should be ght find himself listening to English as good as his own.

“will also make the correct deductions from the fact that
“sees very few white men in authority. Firstly, that the
ple are so law abiding thar & police sergeant may run
usands of square miles of country separated by 150 miles
m his nearcst district commissioner. Secondly, that such
carcity of white men in authority, especially on the technical
de, carnot be wholly intentional but is due o the lean
sources of the Government.
A

0, on his long journey from Mafeking to Francistown, the
server will note a number of brighter patches in an other-
ise somewhat monctonous picture. ‘The pleasant litle
wiship of Lobatsi with its surrounding hills and its impos-
g and efficient hospital; the welcoming atmosphere of
iberones with its fine littde hotel and the hint that enly
Tee miles away is the “ Camp ™ with a happy community
at least fifteen Europear families, the picturesque and
Opressive centre of Mochudi looking down on the almost
rennial Notwani River. The somewhat ominous name of
Artesia and its rather forbidding flamess will at least be
lightened by the thought that there is water below the
found if not above, while ar his next two stations, Mahalapye
d Palapye Road, he will notice something approaching a
stle of stores and centres for P.W.DD. Agricultural and
Vetcrinary depots, and will be duly impressed by the infor-
Mation. that thirty miles o the west of Palapye lies Serowe,
tputed to be the largest purely African town south of the
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Equator with a population approaching 30,000, At Francis-
towss he will detect a sironger element of settlers and miners
in the bystanders since he is there in the Tati Concession for
farms and gold mines, and will conclude thar the wide sand
river passced over near the town, the Shashi, must on occasion
run: deep and strong.

In short, this pot altogether imaginary travelier of discern-
ment will cross into Southern Rhodesia near Plumtree with
considerable regret at having seen but the fringe of an
interesting country and wondering how far those romantic
names of the Thirstland and the Kalahari Desert are really |
appropriate.

We may go behind the scenes for a moment and say that
had he seen the western half in the dry season he might have
agreed, but in the wet seasen he would have resented the

. term “ desert . He weuld have remarked almost everywhere

ople he does see look healthy and contented and, on the
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the extreme sandiness of the soil and absence of surface
streams, On the other hand, if he had gone to the north-west
he would have seen so much water that he would have
dreamed vain drecams, with the late Professor Schwartz, of
watering all the Thirstland with its surplus. He would in
fact end by considering that here indeed is a country
with great opportunity, buc that that opportunity is very
thoroughly obscured by sand, by distance and by backward-
ness. Probably he would also say that it was the black man’s
opportanity, not the white man’s, albeit unattainable without
the white man’s help. Morcover, he would recognize that it
was marginal country, that is to say only capable of develop-
ment if strict control were muintained, for any misuse of the
land would bring on truly desert conditions.

It is probably not unfair 1o say that the Protectorate has
suffered from an excess of large-scale projects, promoted and
reported upen by cutsiders, while the more humdrum job of
getting on with development on a practicable scale has been
left to a very small group of administrators and technical staff
with very small resources behind then.

Howcever that may be, the author of this report considered
these larger projects, mainly concerned with the north-western
rivers and lakes, as already sufficiently explored for the
moment, and though comments will be found later in the
report, he regards a general development of far smalter scope
as of much more present value.

The natural divisions of Beclwanaland Protectorate

Rainfall, relief and soil combine to suggest a three-fold
division of the Prosectorate for the purpose of planning
developments,

I The Eastern Zone, which might equally well be called
the Railway Belr since it comprises a strip of country from
30 to 8o miles wide bordering the railway.

Its rainfall is uncertain, but the average over a period of
years is round about 20 inches, decreasing rapidly towards
the west. Serowe, for instance, only 30 miles west of Palapye,
has only a z2-inch average compared with Palapye’s 18 inches.

This bele is almost the only part of the Protectorate which
has rocky hills, sometimes grouped into actual Jow ranges,
and consequently it-has well-defined river valleys, some of
which have streams which are perennial in any but drought
years. In the rainy scason muost of these streams have im-
pressive discharges and there is a sufficiency of promising
sites for reservoirs to encourage a palicy of surface conserva-
tion, which has already begun in the south-cast, at Kanye
and near Ramoutsa, with irrigation as part of its object,

The fertile Kalahari sand has drifted aver the railway belt,




and in its cenwral section it is deep and in the form of large
low dunes, which are now fixed and stable. ‘The soil therefore
preduces a pasture which is quite astonishing both in amount
and in quality, rivalling and probably excelling the famous
grasses of some of the mid-western areas of the United States
or the back-blocks of New South Wales in Australia,

This excellent pastoral country has two great drawbacks,
the lack of watering points for the stock and the prevalence
of cattle diseases, the latter being partly due to the former,

The patives are naturally pastoral people and seem to be
amenable to instruction in pasture management and the
principles of breeding to a degree hardly found elsewhere in
Central Africa, Subsistence crops are grown throughout the
zone, and in certain parts surplus crops for profit are possible.
The Bakhatla in their reserve round Mochudi, are particularly
skilful farmers, while the Bamangwato, further north,
are but little behind them. The crops, unforrunately, are
often badly delayed or even destrayed by winter frosts, and
are therefore a somewhat uncertain clement in the economy.

II. The Central Zone of the Ialabari. This is 2 very wide
belt, occupying some three-quarters of the Protectorate,
which has in the past received the names of Desert and Thirst-
land, It runs from the extreme south-west right up to the
Zambesi border in the north-east and is bounded on its
nerthern and western border by the line of the Chobe river,
the Thamalakane river, Lake Ngami and the Ghanzi district.

Its rainfall is so unreliable that average figures mean very
little, ranging from 5 inches to 10 inches. It has few hills and
is more or less uniformly sandy. There are, however, very
few arcas where the sand is moving at present, and it is not
true desert, though most inhospitable for lack of permanent
water. Towards the south-west it is probably incapable of
much development, but in the central part, circling the
Makarikari depression, there are opportunities.

The very fertile sand produces a nutritious but rather thin
pasture, and with a sufficiency of watering points much of
it will carry stock at from 15 to0 40 acres to each beast.

Ir is therefore definitely marginal pastoral country ar the
best, and development can hardly go beyond the provision
of secure stock routes crossing it from the north-west
division. Itis difficult to cross with motor transport, the sand
being heavy in the dry season and the patches of soil with
humus in the depressions being impassabie in the wet season.

There is, of course, a great deal of underground water,
since the sand absorbs up to go per cent of the rainfall, and
though some of it is brackish a vigorous programme of well-
sinking can do much for the cornparatively few inhabitants.

NI, The North-west Division. This triangular area,
bounded as mentioned above by a line running frem the
Chobe south-westerly through the Ghanzi scudement area is
for the most part quite different from the rest of the Protec-
torate, and presents possibilities for development of an
unusual crder.

In Mite- district of Olifants Kloof and Ghanzi we are stilt
in marginal country, but the Okavanga-Chabe area not only
has a better rainfall, of an average round 20 inches, but
receives an enormous quantity of water from outside the
Territory. The question in this division is therefore mainly
one of drainage, directing the water 1o useful areas rather
than finding or storing it.

The Sources of Water

The Protectorate is unique amongst the territories in
having practically no rivers, though there are a multirude
of dry and rather ill defined water courses which run
furiously for a few days in the year. Of the few streams
which are sufficiently perennial to deserve the name of river,
the Notwani, in the extreme south-east, is the most impaortant,
Some of its watershed lies within the Union and for a few
miles it forms the boundary, but three-quarters of its water-
shed above Mochud; is within the Protectorate.

" peculiarly suited for conservation by the sub-sand rescrvoir |
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Allowing a mere 2)2 per cent run-off for this partially
sandy country the mean rainfall should produce an ammug)
discharge equivalent to about 100,000 acre feet. Such a figu
shows that while irrigation on any large scale may be out of
the question, there should be encugh to develop intensive
agriculture for export, especially in the Bakhatla Reserve,

This has long been forescen and plans are well forward
for a major reserveir in the vicinity of Ramoutsa, where the
river is the boundary. The site chosen, subject to proving
the foundatons, is a good one and considerably more water.
could be held up here than is really required for its vicinit
Before the plans are finally passed, thercfore, it would be we
to consider the Ramoutsa dam as part of 2 general treatme
of the Notwani, the remainder of the plan being left for the
future.

Thus, there is much to be said for having a large reservoi
here, & portion of which is to act as reserve for the lands:
much further down the river in the Mochudi area. The extra:
requirements would be mainly to raisc the height of the dam:
and provide a sluice. The subsidiary dam for the Bakhatly:
Reserve would then be a wide, low, carthen bank in the
neighbourhood of Pilane, giving command for a large arca
of unusually good land beyond the Mochudi hills.

A still more promising site and river is the Marico at
Derdepoort, which certainly invites a survey, The Marico,
which ultimately becomes the Crocodile River and then the
Limpopo, is the boundary, and the reservoir would thercfore
serve both the Union and the Protectorate.

There are two other rivers in the Bastern and Central
Divisions which merit further survey with a view to surface
conservation. They are the Shashi, running close to Francis-
town znd emptying into the Limpopo, and the Nata river,
running into the Makarikari depression. Both are purely
scasonal sand rivers, but they pass through and over rock |
bars in places, so that sites for reservoirs are fairly frequent. |

Calculations from the data for the rainfall, such as they .
are, and the area of the watersheds show that, allowing only :
1 per cent run-off for the Nata river and 2 per cent for the
Shashi above Francistown, their mean discharges should be ]
about 40,000 and 100,000 acre feet respectively,

In poinc of fact both these rivers are deep sand rivers and

method described in an appendix. The time is certainly not |
opportune for the building of expensive dams on these rivers
at present, but the cheap sub-sand weir would make a great
difference o the habitbility of the otherwise very atractive ;|
country of their watersheds for pastoral cconomy. This is
particularly true of the Nata river where the track to Maun
crosses it at Madsiara Drift. With watering peints, this
country should certainly carry 2 beast w0 15 acres, with sub-
sistence crops for the natives herding the cattle.

The Makarikari Depression itself must not be omitted in
any long-term planning. It covers the vast arca of some 3,000
square miles and consists of large salt pans in the lower
parts, some 100 or more feet lower than the ill defined edges
of the depression. I the higher parts there are Jarge areas
of what would be called black cotton soil elsewhere which
would be cultivable if drained. The almost complete
absence of population near the depression, especially on the
northern side, is due to the impermanence of the streams
and the lack of water, even though it can be found almost
anywhere by sinking wells to a very slight depth, There is
as yet very little pressure of population anywhere
Bechuanaland Protectorzte, but when it does make itself felt:
the Nata River district will be a most promising settlemen
area.

Leaving considerations of the Botletle River till Jater, sinc
it belongs to the north-western division supply system, w
have now mentioned all the rivers which can hope to suppor
any large-scale surface conservation. On the other hand,
comparatively large number of other seasonal streams hav
a considerable depth of sand in their beds and are ver
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jJe for sub-sand reservoirs, It is necessary to stress this
“because if as seems likely, a cheap method of inserting
and barriers is made available, every sand river will
1c a string of water points at smail expense and that is
rst requirement for an increase in the cattle population
the introduction of pasture control,

ere remains, however, the vast central or “arid”
on which has few stream beds of sufficient relief and
at to permit sub-sand conservation. Here it is the sand
which is the conservator and below that large area there
be large quantitics of water,

e rainfall is extremely uncertain and local sterms may
d a few square miles while neighbouring districts have
“Sitle-or none. A great part of such a downpour, probably up
oo per ceag, sinks into the sand and we have to inquire as
hat happens to it then. In the deep Kalahari sand most of
ill sink below the reach of plants, though, as described
ow, certain concretionary layers of hard material held it
ocally in many places,

But whatever assumptions we like to make as to how much
absorbed by the sand and how much is used by plants we
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Thus, let us take an area in the central part and allot it an
rage annual rainfall of 8 inches. Let us assume that only
2 per cent of this rain is totally absorbed, that is, it escapes
low the reach of plants. We should then have the
ivalent of one inch of water somewhere below the surface,
oving slowly in the direction gravity took it. A great deal
work has been done on the rate of movement of water
v percolation or seepage through sands. It depends, of
yurse, upon the coarseness of the sand and upon the
ydraulic gradient or slope of the water surface under the
and, In the Kalahari the sand is fine and the gradients very
ht, and using figures from the United States of America
hicl seem analogous it would scem that this water cannot
ove more than a mile per year and probably much less.
If, then, the area chosen is, say, 100 miles from the nearest
ace where the water can cither fssue as springs or come near
ough to the surface to be used by plants there will be the
uivalent of 100 inches of water collected over that distance.
iwe further suppose, as we may, that this water movement
llows certain zones or sub-sand valleys then the amount of
ater in those zones will be immense, A corollary of the very
ow movement is that the water will dissolve salts on the
ay, some of which it will deposit as concretions or layers.
Scattered over the Kalahari there are several local catch-
ents known as “ pans”™ and of these a surprisingly large
mber are fresh. On the other hand, they are almost always
Hallow and few of them Jast more than a month or so of the
dry season, being exposed to an evaporation which must be
1t the rate of from six to ten feetin the year. Everywhere the
lk of the rainfall sinks into the sand and once it has reached
evel of from'ohe to three feet below the surface it is not
susceptible to capitlary attraction back to the surface to he
vaporated.

Af the subsoil were nothing but sand the ordinary processes
£ slow seepage down such gradients as there are would
radually remove the water to the river beds or larger pans.
ut the countless ages during which rainfall has sunk inzwo
he somewhat calcareous sand have produced certain deposits
vhich aflect this circulation. The commonest of these
eposits is called calerete by the geologists, and is moderately
ure limestone enclosing grains of original sand. Itis formed
t different depths and is often exposed at the surface. Like
ost concretionary formations it is roughly stratified but
may have thicker and thinner layers and even large holes
through it. Under those conditions it may or may not be a
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ter hand, a source of water, but it is at least associated with water beds.
reams have In the vicinity of the MNaw River, for instance, where the
d are very alerete may be met from the surface down to a depth of

0 feet, the well sinkers say they can always find water in it,

It is welcomed by such well sinkers sinee it is not very hara
o excavate yet solid enough for them to dispense with lining
the wells,

In other places the calcrete, by some progess not thoroughly
understocd as yet, is replaced by a siliceous concretion known
as silerete, which is essentally a fint. This is much harder
and, though it may be so continuous as to be impervious to
water, it is not welcomed by the well sinkers.

Now these concretionary layers denote not only water but
slow moving water, and they belong essentially to the areas
of low gradient, Where there are ancient sand dunes, for
instance, the caleretes are found mainly in the depressions
between the dunes, while on the slopes of the dunes, where
the water has moved more quickly, there is less ealerete or
none atall,

These features under the Kalahari Sands have been
described in detail because they provide the hint as to the type
of development to be tried, A series of bore holes has been
put down on the route from Serowe to Rakops and they have
in the main been successful at depths ranging from 6o to
200 fect. But drilling at from [2 to [5 a feot with these large
machines cannot be done all over the Kalahari, Moreover,
the maintenance of bore holes is expensive compared with
wells, What is needed is a reconnaissance of the areas where
the pasture is good cnough for stock by some cheap method
of experimental drilling, to be followed up by well sinking
or larger bores according to the depth ar which water is
found.

The Government geologist has asked for an experimental
light drilling outfic which is really mebile, and this request
is heartily supported since reconnaissance is so much gaicker
and cheaper thereby than with the heavy drills.

1 would like to add twe further suggestions for carcful
consideration for this proposed reconnaissance unit. There
is 2 hydraulic jet methed of drilling in sand and light
alluvium which is far quicker and cheaper than the percussion
or rotary methods, one which would be the ideal methed for
the Kalahari sands, This method is referred to in an appendix
to the report, It weuld be an alternative method only, te be
replaced by cither & steel pipe-driving method or a percussion
method if calcrete were met with.

The second suggestion is derived from the fact that the
water table follows roughly the slope of 2 hilt er dune, though
it is deeper at the top than at the bottom. From this it follows
that a horizontal bore from the base of 2 dune will meet the
water table at a distance dependent on the slope of the hill
and the depth of the water table. The hydraufic jet method
is peculiarly well adapted for drilling horizontally, as other
methods are not, and a lateral bore into 2 dure becomes
essentially a spring with the supply coming through the pipe
by gravity.

The reconnaissance section might be followed by a gang
of well sinkers where the warer was proved to be shallow,
or else by the heavy drills, but its chief purpose would be to
make some kind of a map of the underground water table,
seeking the general direction of seepage. The commonest
description which figures on maps of the Kalahart is “* Open
grass veldt—wateriess . This means that the annual rain
is enough to grow the grass, which dies in the dry season, but
that the water sinks too far down for the roots of trees or
scrub to reach it, that is to say to more than 30 or 40 feet.
The limit of depth for a well for pumping by manpower is
about 70 feet, but in the broad depressions which have surface
pans or soaks the water level will often be found above that
level, and a test hole by a light drill will prove whether a
well can be uscfully sunk. A properly lined well costs rather
more than a bore, but its maintenance is more within the
capacity of natives, who can even draw the water by rope and
windlass if the pump fails.

Testing such a very large arca by drilling would be a long
and expensive business, and the possibility of applying what
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are usually called geophysical mcthods of reconnaissance
should net be overlooked.

Thick layers of sand are, in fact, a poor medium for the
detonation methods of exploring for bed rock, but they do
offer unusual opportunites for the electro-magnetic methods,
For instance, in the dry season there must be a fairly distinct
transition between the dry saad and the damp sand, thag
is to say, between the bad conductor and the good con-
ductor. If that is so then it invites the use of a new method
of electro-magnetic investigation, namely, by treating the
ground as a sorg of inefficient condenser and measuring its
capacity at different places.

Experiments along these and other lnes are now being
made at Cambridge, The particular advantage of a capacity
method would be the rapidity with which reconnaissance
could be done.

The greater part of the Kalahari is so forbidding that for
some time to come the programme of water development
must be confined o the stock routes only. The losses of
stock in droving them from the Ghanzi district to the
railway, some 500 miles, arc prodigious in bad years, and the
owners would probably pay gladly some small toll per head
of catle delivered in return for a secure route from the
point of view of water.

The widespread Bamangwato Reserve Js rather better
country than that of the south-west towards the Nossob and
Molopo rivers. The route from Serowe to Rakops passes
through land sloping gendy towards the Makarikari
Depression and it now has bores along it. An extension of
these bores and wells, with improvements to the road seem
a very natural immediate development, much of which
could be carried cut by the wibe itself.

1 would suggest that Palapye would be an excellent centre
for a training course in well sinking such as is deseribed in
the intzoduction o this report. In conversation the regent
Chief Tshekedi expressed pride at having over 1,000 wells
dug by his people, and was inclined to think that all they
needed from the white man was the siting of wells. While
disagrecing with this, I certainly recejved the impression
that with 2 Eurepean to plan and supervise, the Bamangwato
are capable of carrying out schemes of water development
with their own resources which would make an encrmous
difference to the prosperity of the marginal country to the
west of Serowe,

The North-West

The large triangular area covered by the swamps of the
Okavango and the Chobe or Linyante is so entirely different
from the rest of the Protectorate in physiography that it
must be deseribed in some dewil. It has a considerable
population, with the Batawana people in the majority, and
is alsoa corridor for the steady stream of labour coming
from Angola to the Union mines. The main routes for this
labour are down the Gkavango to Tsau and thence to Maun,
or down the Zambesi to Kazungula.

The easiest way to picture the physical geography of this
area is to imagine two rivers, the Okavango and the
Linyante or Chobe, building their deltas out on to a sea of
sand instcad of at a shoreline, the two deltas being more or
less joined.

The water which formed the deltas is no longer sufficient,
for reasons to be given later, to go beyond the fronts of the
deltas except in years of unusual flood. When it does do so it
makes a small addition to the Zambesi as far as the Chobe
is concerned, while the Okavango water fills some
depressions and breaks through to pass down the Bodede
river owards the distant depressions of the great Makarikari.

In ordinary years the flood water does no more than Al
a series of channels following the line of Lake Npami, the
Ngabe and Thamalakane rivers, the Mababe Depression
and the Lower Chebe itself, these represendng a wide but

very shallow furrow running across the fronts of the old
deltas.

One cannot consider development in this curious area
without reference to the absurd complication of boundarie
whicl: is the result of the Caprivi award of last century.

The Caprivi Strip is a corridor averaging about 30 toile
in width, which runs for nearly 300 miles from the Mandate
Territory of South West Africa proper to the confluence o

the Chebe and the Zambesi. th

Tt would be hard to conceive a more unnatural political carn
unit, for it crosses all the drainage and such communicatio It i
routes as there are, It is therefore practically impossible t ater

travel along the strip, which must be reached from the asity
south or the north; it can never be a route for com
muaications and its populaton is sparse. Any purpoes
which may have been in the minds of the German treaty
makers has long been proved impracticable, and it remain
as a geographical solecism and an offence to common sense

Whatever is ulimately decided as to the fate of the ol
Mandated Territory, this provocative strip should e Tecen
adjusted. To leave it as it is is tantamount in practice to weste

ar,

declaring it a no man’s land and a permanent hindrance to
all its neighbours.

The gradients in this shallow country are so slight that fresh
in many of the channels the direction of flow is reversible, cost.
depending on which end of the channel receives the flood the ai
water first. Thus in a high flood, water from the Okavango | A !
will flow into the delta of the Chobe along the Makwegana this
spillway, at other times Kwando water appears to reach the | throw
Okavango delta from higher up., Every year the Jast six | _‘l“at‘
or ten miles of the Chobe fills with water from the Zambesi, Tivers

which is three feer higher than the Chobe at the Kasane
Mambova line of rapids. : :

The curious phenomenon of wwo large rivers emptying g0 WaIp
themselves into vast swamps without very definite dircctions g2 vege!
in which to flow has excited comment and suggested |
projects in the past.

The proposal which has had most publicity was one by of th
the latc Professor Schwartz, and an examination of this ¢
was the subject of an excellent survey made in 1925 by an
expedition under Dr. A. L. Du Toit. It was shown that
the original preposals were put out of court both by the g
levets at critical points and by the unsound arguments with mar
which they had been supposted. The expedition put forward ;
the ajternative sugpestion of a very large dam o be built:
across the Zambesi itself at the Katombora Rapids, with
the ebject of creating a large lake over most of the present
swamps and using its surplus for irrigation,

Nothing has been done with this proposal. From aa
engineering point of view it was sound enough, but
presumably its magninude, the consequent interference with
Zarbesi water, and the very confused issues raised in the
political field were all responsible for its being drepped.

There have been other projects mooted, several of them
eminently practicable as far as construction is concerned,
but when they arc viewed from the social, economic and !
even biological aspect, a good deal of their roseate promise B¢
is apt o fade. Nevertheless, before an analysis is made of
some of these aspects, yet another proposal will he mentioned;
which occurred to the writer after his rapid traverse along
the fronts of the deltas and after conversation with men who,
had been at work in the deltas.

Assuming for the moment that irrigation can he carrie
out by the natives under supervision and instruction, th
best areas for it would be

{a) certain parts of the deltas themselves,

(&) the foors of Lake Ngami and the Mababe Depression

{¢) the low arcas along the Thamalakane River,

(d) the land near Rakops.

The reason why there is very little flow of water beyon
the marshy deltas at present is that it is nearly all evaporate
there. To judge from the meagre data available the mea




ual flow of the two rivers combined seems to be about
oo cubic feet per second, which, incidentally, is only a
“thousand cusecs Icss than the Zambesi itself, We do
now the rate of evaporation of the area, but it is almost
rinly between six feet and ten feet per annum,

he discharge quoted above would fleod 15,000 square
iles to a depth of one foor, or 1,600 square miles to 2 depth
en feet. We do not know the area of the land fooded
these rivers either at maximum or minimum, but the
n must be of the order of 1,600 square miles,
is clear then that, if reserve water is to be obtained, the
er surface must be reduced in arca rather than increased,
would be by large dams. The swamps should be drained
ther than flooded, and the many channels controlled so that
ere were only a few, which would pass the water more
iickly cither to a deeper reservoir or for direct use on the
nd.

To clear channels of dense sudd and swamp vegetation
ould at first sight seem to be a prohibitive project, but
cent work on a small scale on the Taokhe, the most
sterly of the Okavango channels, appears to discount this

r. With comparatively small equipment a party cleared
d reopened many miles of channel including cutting
resh openings to shorten the distance, at a very reasonable
cost. Moreover, once a channel is opened it is flushed by
the annual flood and its maintenance much reduced.

A report by Mr, Brind, the Director of Public Works, on
this experimental cutting, gives the figures and, indeed,
throws a new light on the whole problem. [t say well be
that the real solution is control by draining works on these
ivers, reducing the swamp area and leading the water
own to the aress where it once flowed, and from which
t retreated, not because of general dessication or even
arping of the carth’s crust, but because the swamp
egetation grew strong enocugh to withhold it all,

A survey of the Okavango delta will be required before
uch a scheme can be fully considered, but the general outline
f the plan would be as follows.

The river has a well defined bed ar Muhembo, on the
order of the Protectorate, bur hegins its divagations about
o miles below that point. The best known of its dis-
ibutaries from this point is the Teoghe or Taokhe, which
arks the western boundary of the delta, and passes through
saz onx its way to the Lake Ngami depression. At present
here are many branches off the Teoghe into the swamps,
nd its former course is blocked by the growth of sudd so
at very little water reaches Lake Ngami even in the wet
ason. On the other hand the channel cutting mentioned
ove has shown that the sudd could be cleared at reason-
le expense, so that the river could be re-created if that
ere the best thing to do. The channel clearing would be
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sed in the: supported by some form of control works at the head of
dropped. the delta so as o reduce the quantity of water flowing into
1 of them the other distribuitaries. If the object were mierely to send
concerned, the main body of water down the Teoghe these works would
10mic and be simple and cheap, since it is very casy to encourage the
te promise growth of sudd blockages by sheet piling which reduces the
s made of current, and leads to silting when vegetaton quickly takes

hold. If, on the other hand, the survey showed that some
other branch should be encouraged, such as the Ng-ghoka
which has a more direct course towards the Botletle, then
imilar clearing would be undertaken along that line and
blockages created on branches which diverged from it.

It would even be possible to reopen the most eastern of
he delta branches which would then flood the Mababe
Depression and  possibly make the Thamalakane River
erennial.

For the Linyante or Chobe the task of making the water
erve some useful purpose should be easier. The levels
nown at present seem to point to a scheme of reopening
e western channels of its curiously short but broad delta
0 85 1o bring the water to its south-western corner. Here

a relatively small amount of work would direct the flow
into the old Savaiti channel and pass the water into the
Mababe Depression.

The advantage of clearing channels to secure a more direct
flow is that it is not only cheap, since the flow itself, obnce
begun, does a great deal of the work, but it also releases
land from swamp cover, land which should be eminenty
suitable for arable cultivation. Maintenance of the rcopened
channel would be necessary, but not expensive, and the
diversion works at the head of the deltas, even if they involved
somme masonry construction, would be very much cheaper
than a main dam.

As far as the feasibility of such works is concerned the
pre-requisite is a survey which would carry out the necessary
levelling, explore the existing channels and measure the
discharges.

A survey of the Linyante would cover a rather small area,
and it would be working far away from established settle-
ments and with poor communications,

A survey of the Okavango delta would be a much longer
business, but it would have far more established bases to
work from—Muhembo, Tsau and Maun—and better com-
munications:

The expense of such surveys would be considerable, but
until they are made it is quite impossible to consider the
various projects which have been put forward.

Perhaps enough has been said to show that there is nothing
inherently impossible in making use of these abundant
waters now going to waste. From the engineering point of
view the choice of practicable schemes is fairly wide, but
it must be emphasised that the main difficulties are 2 high
rate of evaporation and a rank growth of vegetation,
Constructing large reservoirs does not really avoid these
difficulties, whereas inducing a quicker drainage minimises
them,

It is now our duty to show that the engineering aspect
of the delta wiangle is quite the least part of the whole
problem as to what might best be done with ir. Many
factors far more complicated than mere topography rear
their heads and require analysis, and while pone of
them is entirely intractable, they all invite a degree of
caution before any large schemes of devclopment are
undertaken.

The Econemic Aspect

Tt must be obvious that economic factors are inseparable
from the development of the water resources of the North
West Division of the Protectorate. In course of time that
Division, with its ample supply of water, can become a
second Sudan, growing cotton or other products for export
under somewhat similar conditions, always provided it has
reasonable access to the sea. The most natural access would
be by means of a railway to Walvis Bay or to a new port
at the mouth of the Cunene. A preliminary survey for a
trans-Protectorate railway has already been made, running
from the Rhodesian Railways in the vicinity of Wankic to
the South West African railway at Gobabis, a matter of
some Goo miles. Tt could almost equally well go to
Grootfontein,

The future of the northern province of the Protectorate
is almost entirely dependent on some such railway, without
which it can never grow cxport crops, With such an
outlet it would show an even more striking analogy with
the Sudan, having water supply, sandy irrigable land and
a route for export. The native population of the North
West Division comprises mainly the Batawana tribe, and it
remains to be considered whether they bear any resemblance
to the Sudanese. At first sight they seem to be worlds apart,
but one has but to go back to the Sudan of Hfty years ago
to find certain similarities and considerable promise for the
development of the Batawana along the same general lines,

Perhaps the most important thing is that there is a




considerable population there already, even though at
present they have no urge towards development, and little
knowledge of irrigation methods or of crops such as cotten.
Like the Sudanese of fifty years ago, they have only
recently emerged from a state of constant wars or threats
of wars, and even now feel an uncertainty towards their
future which is constantly in the minds of their leaders.
All ane can do is to guote the opinions of some of their past
administrators, who, in general, regard them as a people
who can develop if they are given a lead.

It is probably unwise to go further than this point in
considering plans for development in water resources, since
they depend so vitally on the political future. They also
depend very much on the long term plans for the Pro-
tectorate’s internal economy.

RECOMMENDATIONS

The recommendations which follow are intended to assist
the administration, which alone is able to judge which of
them can be undertaken under current circumstances. The
only advantages over the local technical officer which a
visitor can claim are those due to his being able to view
projects aznd development as a whole, freed from the
meticulous detail with which the local officer is usually so
surrounded that the trees are apt to obscure completely from
him a view of the whole wood. Except in very special cases,
therefore, a visitor cannot assess priorities or proclaim his
own projects as essential, but he can bring a new point of
view and occasionally suggest new methods of attack on
any problem. With this understanding, thar the. recom-
mendations are for consideration, we now embark in some
detail on a review of the possible directions of develop-
ment in the immediate future,

It will be convenient w follow the division of the
Protectorate described above and begin with

The Eastern or Railway Zone

The zone includes practically all the land which in one
degree or another has been alienated for white farms,
namely the areas known as the Baralong Farms, the Lobatsi,
Gaberones and Tuli Blocks, and the Tati Concession.
Wevertheless, it would be difficult and probably unwise w
differentiate between development in these blocks and in the
native reserves adjacent to them, and the recommendatiens
are based upon the physical conditions and not upon the
ownership of the land concerned.

The southern third of the Zone includes the arable areas
where, even now, a surplus of grain can be produced, as
well as the best of the pastoral land, and the preatest
proportion of hilly, that is to say, of rocky land.

Consequently it is an area where surface conservation is
possible up to a point, as has been already described. Such
conservation must be for irrigation, and the possibilities are
already being explored. To the west of the railway line,
however, it is a greater number of watering points for stock
that is most required, and a more exact plan of drillinps
will cerrainly be the first result of the rewurn of drilling
equipment, This plan will no doubt be the product of
consultations between the agricultural and the  drilling
departments, while in the broader valieys with a higher
water table there is obviously room for far more well sinking,
preferably by the natives under some supervision.

In this country, far hillier than the bulk of the Pro-
tectorate, erosion troubles are a constant threat, and the
only way to combat them is the rather unpopular, because
unproductive, methed of check weirs near the heads of the
valleys. Their ultimate value is so great, however, that I
would suggest a demeonstration valley in the Kanye district,
where there are one or two suitable sites amongst the kopjes
in the watershed of the Lotlakani stream, and doubtless

others not visited by the writer. One must again offend b
visualising a model scheme which, in practice, has to
modified by circumstances. It should, if possible, be
co-operative scheme with the direction coming from the
Government and the labour coming from the valiey
inhabitants who, on the basis of advantages to accrue, should
give their labour at little more than subsistence cost.

Each of the berter defined headstreams would have 2
rock-and-rubbish weir thrown across them, the basis being:
the largest boulders available backed on the upper side b
smaller boulders and then by rubbish of earth and bushe,
weighted down by it. In most cases there should be n
need for a spillway unless there is a scarcity of convenient:
sites and adjacent large boulders. Further down the littl
valley, where its gradient decreases and there is some’
prospect of land for native gardens, a more ambitious weir
or dam would be built with a core of anthill clay and a
gencrous spiltway. Though it could hardly hold more
than 12 feet of water with such materials, it would provide
a scepage stream for the greater pare or all of the dry season.
According to the amount of its Bow the inhabitants would
be allowed to utilise this seepage for purposes whicly, in the
best circumstances, would include what mipht be called
subsidiary irrigatdon, In most seasons the rains begin with
a false start, and the native crops, anxious to benefit from
the warmer season of the year, frequently go in too carly:
and are apt to be lost by wiling, A comparatively small
amount of water at that stage makes all the difference to
the young crop, carrying it over to the main rains and
enabling it to avoid the frosts which are liable to caxch 2
late crop. Such early water is equally useful in starting the
vegetable crops which play a small but important part in
the native diet. :

Further down the streams the sand is deeper and may in
places be suitable for subsand reservoirs, as suggested for
the next scetion of the Railway Zone. It is at all events
quite certain that in this southern section with an average
rainfall of about 20 inches and rocky catchments there is
opportunity for more surface conservation. On the other
hand, the bore water is harder to find, since it is rock-
fissure water for the most part and depends for its eccurrence
on minor fractures, faults and dykes of harder material .
which require siting by a skilled geologist.

The middle section of the Railway Zone may be taken
as the area round the quadrilateral formed by the two |
railway scttlements of Palapye Read and Mahelapye with
the two mative towns to the west, Scrowe and Shushong
It has pronounced ranges of hills which give a higher rawe
of run-off than the sandy stretches, consequently it has many |
sand rivers. These provide the water points for the mative
who dig down in the wellknown places for a supply.
Comparatively cheap construction work along these sand
rivers by grouting with cement, lime or clay would increase
the supply by many times, as suggested in the Appendix
on the treatment of sand rivers,

There are many wells in the Serowe and Shushong
districts, most of them dug by natives, and not a few bores.
These must obviously be increased in number and be
further distributed. The wells in particular would be far
mere permanent and serviceable if and when a training
course for natives is instituted as outlined in the next section.
The Bamangwato are probably the tribe most likely to fall
in with a progressive policy in this direction.

There is one river in this division which merits closer
surveys for conservation schemes in the near futsre. The
Machekwane rises to the west of the Shushong and Makhware
Hills and pierces the Jatter by a picturesque gorge known
as the Kuchwi Pass. The rainfall on these hills may not
be more than 1z to 15 inches, but they must have a good
percentage run-off judging by the appearance of the river
bed in the Pass. At the time of our visit, mid-March, the
sand was saturated to the surface, but there was no




in offend by ing water., The indications on the banks, however,
y has o be ¢ such as to permit an estimate of a discharge of at least
ssible, be 4 usecs when in flood. Such a mean discharge for 10 or
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days out of the Go-go days in each rainy season would
duce 2 volume of about 200 million cubic feet. Moreover,
ere is at least one site in the gorge where the rocks are of
vourable type for foundations for a masonry dam some
eet high and not more than 200 or 300 feet long,

or full irrigation duty such an impounding would be of
e value since it represents litde more than 4,000 acre
. but for subsidiary irrigation and general purposes such
am might well pay its way in the future.

‘ site on the same river, but to the east of the railway
, has good command but bad foundations. Probably a
es of subsand reservoirs in the neighbourhood of
apye Road would give better value for the local supply
n a surface reserveir.

~=Tn the northern third of the Railway Zone the main
vers arc the Tati and the Shashi, both of them sand rivers
h a strong flow for a short period. Both are ideal rivers
sub-surface conservation by stepped semi-permeable
diaphragms or blockages as described in the Appendix, for
hich the Shashi River at the Matangwan crossing on the
ad to Maun is taken as an example.

With the slightly higher rainfall at this northern end of
e railway belt the difficulty as to water is rather less, and
e farmers in the Tati Concession have bores or other

pplies.
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The Central or Kalahari Zone

To his great regret the writer was unable to visit the
uthern section of this zone, and he has no grounds for
ecific recommendations of any kind. The route from
anye to Lehututu is much travelled by stock and even by
n occasional car and lorry during the dry season. Never-
eless it is clear that in such marginal country, with great
nreliability in its average rainfall of from five to eight
ches, development must be mainly confined to making
e stock routes sccure with watering points,

Towards the Makarikari Depression the prospects are
better, and some development by bores and wells should
ermit the country to carry more stock than it does at
esent.

‘On the northern side of the depression as seen from the
N.L.A. road from Francistown to Maun these prospects
come cerlainties, That is to say, there is a large area here
present almost unpopulated which is available if and
hen population pressure becomes acute further south.
The road from the crossing of the Shashi River w the
ata River, a distance of some 100 miles or so, runs over
me 5¢ miles of granite and ancient rock country with an
casional low kopje and then crosses the more typical
Plains country of the main Kalabari, with limestone (calerete)
or near the surface. The rocky helt is wel] wooded with
ees up to 25 feer in height, and the mealic patches in
leared spaces show that both soil and rainfall permit some
subsistence cultivation.

Towards the depression itself the trees thin out giving
place o well grassed plains with a few palms, and the
presence of migratory game shows that it would be fine
cattle country but for the lack of surface water. Yet the
Water is close to the surface and, according to local
assertion, can casily be tapped by wells which would rarely
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Makhware <At the Nata River imself there are really impressive
ge known possibilities for water development. It is, of course, an
i may not entirely intermittent stream, but it has a watershed of at
ve a good !Cast 1,500 square miles, and consequently it produces an
" the river Immense discharge for a short period in each rainy season,
darch, the L of which runs into the lower, salty parts of the depression.
was no In 1046, for instance, a rainy year in that district, the flood

level and certain rough data given by the W.N.L.A,
officials, pointed to an amount of water passing the Madsiara
Drift of the order of 200,000 acre feet. Even if we take one-
quarter of that amount as an average over a number of
years we have a very impressive higure, and a direct
invitation for a closer survey with a view to development,

In the early days there was an attempt to settle a portion
of the Bamangwato tribe on the Nata River which appears
o have failed on account of a combination of bad health
and political dissent, and perhaps isolation. The river
itself forms the boundary between Crown ILand and the
Bamangwato Reserve, so that it is open to either direct or
indirect development by the Administration, The Nata
River district is certainly the most promising area of the
Kalahari for a closer investigation, and I would therefore
strongly recommend a survey of its potentialities by a small
party. There would scem to be far more prospect of quick
returns on capital expenditure here than in many other
projects mooted for the Protectorate.

My brief wvisit hardly permits detailed suggestions for
either the survey or the lines along which development
should take place, but in broad cutline the main queries to
be settled are:

(@) The possibilities of finding water in the river bed

and by means of wells in the surrounding country.

(&) Whether subsistence crops can be grown for the

predominandy pastoral industry.

(c) Whether the stream bed itself may be used ultimately

for surface conscrvation.

The first of these enquiries could be settled by a com-
paratively brief traverse of the river bed by a reconnaissance
party strong enough in manpower to sink trial wells and
make a rough map of the river bed with a view to sites
for subsand blockages. Probably a six weeks tour by one
or two Huropeans witl a party of well sinkers would
provide all the initial information required.

The next stage would presumably be the establishment
of a trial settlement of natives with catde. This would no
doubt have to be on a large cnough scale to be a real
experiment and to counteract the effect of isolation and
novelty on the settlers, who sheuld, of course, be volunteers
in so far as that erm can be applied. This would involve
some initial outlay, but unless I have grossly misjudged the
prospects it could be of the nature of a loan to be repaid by
a per capita toll on cattle marketed in the future.

Until the sertlement was well established there would not
be sufficient local labour for larger schemes with any
agricultural aim, yet if the river bed is found to favour
surface conservation the ultimate development of the Nata
River settlement would be in that direction.

Its comparative proximity to the railway, the existence of
a moderate road over fairly well wooded and watered
country, and the existence of wide areas unembarrassed by
claims or alienation would appear to mark out the Nata
River for priority in development, which here does not,
as in the QOkavango and Chobe areas, wait upon political
developments or depend upon decisions as to transport and
markets. Here if anywhere in the Kalahari there is a clear
prospect for both pastoral and agricultural development at
the same time, and scope for schemes which will finally
scttle whether the native can make [ull use of his country,

The North-West Triangle

As already outlined, there are possibilities for the develop-
ment of the Okavango-Chobe water resources which are vast
to the degree of embarrassment. At present they depend so
much upon factors which are cither unknown or unprediet-
able that it is useless to discuss them in further detail. On
the other hand, since some such development is bound to
come in course of time, it will be as well to initiate surveys
and cven experiments well in advance.




A survey of the delta lands has already been mentioned
as a pre-requisite to any planning of large-scale diversions,
chanpe] clearings or control of any kind with a view to
large schemes in the future. Such a survey would have to
be composite, that is to say, besides a considerable amount of
levelling and some map making, a number of hydrological
measurements would be required. It would be a consider-
able tax upon even a fully-staffed Survey Department, and
quite beyond the powers and resources of the Protectorate.

I would thercfore suggest close consideration of a method
of eflecting such a survey, and on even broader lines, which
will probably be used in other parts of Africa in the rear
future. This is by the encouragement of scientific expedi-
tions, chiefly of young men not yet fully embarked on their
careers, assisted by whatever facilities and guidance the
Administration is able to provide.

A mixed party of young surveyors and biologists working
in the Okavango delta for six or eight months would
provide much of the data required for a general appreciation
of the potentialities, at a cost far below that of a party of
professional engineers, and it would at the same time appeal
to scientific bodies as a contribution to knowledge.

Quite apart from such technical enquiries, however, there
ate & number of minor experiments which ought to be
made as part of the general pieparation for development.

The Batawana tribc arc reasonably skilful farme
and without any great urge they have produced 2 surpl
of crops at various times. They, like the Barotse, are wel:
able to take advantage of the gradual subsidence of flood:
waters to plant their crops at the right dme and plac
What they do not seem to appreciate is that with a ve
small amount of furrow digging they could command the
watering of their crops and therefore the scason of growth,
The whole length of the Thamalakane River from Maun 5
the Mababe depression provides opportunities for the
simplest type of irrigation if they were given a liedg
instruction, '

It would be an ideal valley for a small demonstration farm
for irrigation methods, either with or without instruction
at first. It must be realised that rthe success of any schemes.
for the future depends on the ability of the natives to carry
out the agriculture under a system which will be new 1o
them unless they are able to see it in practice. A single
example of a successful area under irrigation will do more
to persuade them to further trials than any amount of
precept. As far as the natural advantages of goed soil and
command are concerned, the Thamalakane valley is wvery
well endowed, and it could obviously grow an enormous
food surplus with a very small amount of ditching.

[See Northern Rhodesia}




pITE OF its great area, Northern Rhodesia enjoys com-
atively aniform climatic conditions, the variations in
afall conforming closely to altitude and latitude, while
e higher temperatures proper to an approach to the
uator are offser by the greater height of the plateau in
it direction.

Trom the comparatively dry arcas of Barotseland in the
nth-west, with a rainfall average of about 20 inches, there
a steady increase of precipitation up to the north-east,
th averages well above 40 inches. The rainy season begins
lier ins the north and lasts longer because of the proximity
the Equator,

There are no great extremes of rainfall in the Territory,
st as there are no exceptionally low areas or very high
untains, The Central African plateau is here atits greatest
iformity and the scenery is consequently  somewhat
notenous, as is the indigenows vegetadon, which varies
it little for hundreds of miles along the road and rail route
om Livingstone to the Copper Beit. This impression is
ardly due to the fact that the ordinary visiter rarely leaves
this particuiar route, which follows the divide; there is
othing tmonotonous about the great Luangwa valley which
eparates rather effectively the Eastern Province from the rest
¢ the territory, The escarpments defining the valley and
roclaiming it to be one of the Great Rift series are little less
mpressive than those of Kenya though lacking the latter’s
icturesque voleanoes.

+The geological history of the country has produced a curious
attern for its drainage, a pattern whick has endowed the
rritory with a share in some very notable rivers. Almost
ny map will show the mair features of this pattern. There
, for instance, what may be called an east-west tendency,
est illustrated by the soc-mile stretch of the Kafue-Zambesi
om Namwala to Tete, and parzalleled by the 200-mile stretch
f the Zambesi from Sesheke to Walker's Drift, It is
usternary to consider this direcsion of drainage as the original
ne, consequent upon the general slope of the ancient,
esozoic, Africa,

Whatever its origin this earlier pattern was radically
affected by the forces responsible for the Great Rift Valleys
hich, as we have seen, tended to follow two directions—
a north-south, as shown by Lakes Tanganyika and Nyasa,
d a north-cast to south-west dircction.

This Iatter trend is deminant for over 800 miles from the
urce of the Luangwa aleng its whole length and continuing
Wwith the section of the Zambesi from Feira up to Walker’s
Drift. It is shown nearly as well, but with less continuity,
by the course of the Chambesi from its source to its abrupt
bend to the north. near Kapalala, and the same trend is taken
up by the Upper Kafue down to the Kafue Hook., The
“hook ” motif is in fact very prominent in the whole drainage
pattern. Itis a sharp hook where the Luangwa turns to enter
the Zambesi, a more gentle curve in the Kafue Hook itself,
and is reflected a third time in the broad sweep, of the
Kabempo into the Upper Zambesi.

- The mileage of perennial large rivers is therefore quite
femarkable in the territory, and places it in a very favourable
position compared to Southern Rhodesia or Tanganyika
Territory.

In addition there are some large swamp arcas which must
tmost assuredly be reckened among the water resources. Of
. these the largest by far in area js that of Bangweulu Lake,
but there are others in the Northern Province, while the
“Lukanga Swamps on the Kafue, the scasonally flooded areas
- of Barotseland and the Kafue Flats are, physiographically, of

the same type.
In addition to possessing these large swamps, Northern
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2. NORTHERN RHODESIA

Rhodesia is the real home of the ** dambo ", the small valley-
swamp usually due to a combination of a low gradient and
a vigorous growth of vegetation, Nearly every small stream
on the plateau has its string of damboes, and the total area
of these lincar swamps Is truly immense, as witness the
map below, which shows part of the watershed of the
Mulungushi River near Broken Hitl, being adapted from a
map made by Dr. Kanthack in his surveys for power projects.
‘The best use of damboes is consequently of prime importance
to the territory, since their part in the natural conservation
of water is considerable and their soil, a mixture of humus
and silt, should not be wasted. An appendix to this report
deals more fully with suggestions as to their treatment, the
essential feature being control of their use,

’ﬂ%@g@&fﬂ

DISTRIBUTION OF DAMBOES, NORTHERN RHODESIA

The sparseness of African population along the divide
which carries road and railway up to the Copper Belt is due
almost entirely to the lack of surface water in the dry seasoa.
The soil from the ancient rocks is so deep and the water-
table so low that it is usually beyond the reach of wells. The
villages are therefore placed further dowa the slopes, where
the water absorbed on the divide seeps out to render the
streams semi-perennial, or where shallow wells or natural
springs invite settlement.

The distribution of settlement has two disadvantages; first
that the cultivation is liable to be on slopes which invite
erosion, and secondly that the surplus produce is rarely
within economic reach of the railway.

The Problems of Water Supply

From the broad description just given, it will be clear that
the water resonrces of Northern Rhedesiz, while potentially
adequate, need considerable development before they can
be realised. ‘This development falls naturally under several
headings as followss—

(i) Domestic water supplies for native villages and
European settlements.
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{if) Supplies for secondary use, of which the chief are
irrigaticn on European farms and sub-irrigation for
native crops.

{iii) The prospects for major schemes of navigation and
Lydro-clectric power.

Domestic Water Supplies

Careful studies by Dz, Kanthack scem to show that the
run-off from rainfall on the plateau is about 8 per cent of the
rainfall, & very reasonable ratio if it were not that the length
of the dry season makes it impossible for the smaller streams
to remain perennial, even where they are assisted by damboes
along their courses. The rainy scason is fairly well defined
and may be taken as from December to March inclusive,
though rain may fall in November and April. The dry season
therefore lasts for at least half the year, and the whole
economy of vegetation, and of crops, is condidoned by that
fact. The trees are of moderate height only, resistant to fire
and spaced from five to thirty yards apart according to rain-
fall. They are associated with a comparatively thin carpet of
grass and much of the soil is fcached, Consequently the run-
off is fairly rapid, and there is little helding capacity in the
soil.

On the other hand, therc seems reason to suspect that some
of this poor capacity is due to the treatment the soil normally
gets from the almost universal firing in the dry season which
destroys the dead grass and cffectively precludes the founda-
tion of a surface mat or humus. A second factor which
prevents the seil becoming richer in humus is the presence
of termites everywhere which leave no shred of dead
vegetable matter.

The natural soil is thercfore thin and poor, yet it has
already been shown that where the land has been cleared of
trees and cultvated so as w keep the termites in check a
moderate pasture does come in with consequent bencfit to
the soil. The cost of clearing in this way is too heavy to make
it worth while on a large scale w0 clear for pastoral farming,
except in the vicinity of 2 dambo,

The poverty of the soil is more apparent than real and
reminds one of the granitic soils in Australia used for sheep
farming. While trees dry out the ground the land appears to
be quite hopeless, but with their removal prass takes held
and a reasonable pasture comes in after a year or two which
will carry a beast to five acres.

Unfortunately, the prevalence of tsetse fly over a large part
of Northern Rhodesia effectively prevents any such use of the
Jand, a use which would otherwise be natural enough, in
view of the presence of considerable game. Under a pastoral,
rather than an agricultural, economy the soil would have a
chance to form.

The more immediate problems of water supply for native
villages in the reserves arise from the fact that during the
long dry, season surface water disappears almost eatircly from
headwater ‘streams.

The problem of domestic water for African villages is thus
greatly complicated by a group of factors which consititute
a form of vicious circle. Perhaps the most important of its
elements are the poor upland soils and the wide spread of
the tsetse fly.

The absence of cattle over the greater part of the territory
prevents the use of animal manure. The African, therefore,
must use one of his various systems of burning the bush to
fertifise his land. The burning, usually over a wider area
than the crop land itself, necessitates a shifting cultivation
and frequent moving of the village. Yet the village cannot
move too far from the valley where domestic water is to be
found. Consequently, a native reserve is felt to be crowded
when only a portion of the land is actually being used and
much of that at an uncconomical distance from the
habitations.

There are various ways of breaking into this circle, but
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most of them, such as the introduction of artificial fertiliser
are out of the question at the present stage of developmen

The provision of more satisfactory water supplies awa
from the valleys is another way, and this has been done, for’
special reasons, in some parts by means of bores or deep wells
The programme of drilling must continue and even he
amplified, but it must be supported by the improvement of
the valley water supplies. .

As outlined in the General Section, this can only be done |
by providing check weirs at the headwater arcas of valleys :
supplemented by larger weirs, stepped dowa the valleys:
Obviously, the closest co-operation between the medical,
agricultural and water supply departments is necessary for
this mode of attack on the circle, since there are risks in’
encouraging a permanent site for a village below a weir,
Unless due contral is maintained the surface water is liable
to be contaminated, and breeding places for bilharzia and
malarial mosquitoes are liable to be created. Erosion on the
valiey slopes will be started unless contour cultivation is
insisted upon.,

Yet if these dangers are warded off, the advantages out-
weigh the risks and the increased population density in the
valleys may even create further fly-free areas, leading to the
mixed farming system so urgently desirable.

For the same reason the greater use of dambo areas, both
for water supplies and for cultivation, is to be strongly recom-
mended. Agricultural officers have already devised methods
for counteracting the slight acidity of dambo soil by rotations
and drainage, while on reasonably large damboes the
possibility of good grazing where the fly permits is wel}
understood.

The methods of dambo and dimba cultivation which are
outlined in the appendix are not, it is fuily realised, capable
of universal application, yet they represent an aim which can
be followed gradually with good results, and they have the
advantage of not requiring teols and equipment which are
beyond the reach of the African.

Some of these methods have been put into practice in the
Railway Belt by European farmers with or without the
assistarce of agricultural officers.

The provision of domestic water by bores drilled for fissure
water i a very natural development throughout Africa.
Except for considerable uncertainty over the siting of bores,
now decreasing with the help of geophysical methods of
reconnaissance, the whole system is well understood and
fully planged in Northern Rhodesia. The name of Dr. Dixey
is closely associated with the development of drilling in
Central Africa, and wherever the land has heen of sufficient
value the system has paid good dividends. It is almost the
only method of obtaining domestic water on the flatter parts
of the plateau and the supply is usually adequate and always
pure.

On the other hand, it is one of the more expensive methods
of providing water and usually requires power pumping.
Consequently, wherever slopes are present, and particularly
in native reserves, any cheaper sources of water must be tried.
Where the local conditions are favourable, special attention
might be given to the possibility of using the methods
described in an appendix, under the tides of * Winged
Springs ” and ** Apron Catchments >,

Irrigation on Farms

A question of considerable interest to the European farmers
of the Railway Zone in particular is the extent to which the
local water resources will permit some form of irrigation.
Such irrigation would normally be for winter wheat or
pasture, and the answer depends to some extent on the
“duty " expected from the water, that is to say the depth of
water per acre regarded as necessary to mature the crop.

Of the various ways of calculating the amount of water
required for a given area to be irrigated, perhaps the simplest
is that of acre-feet required per acre cultivated.




¢ the conditions in Northern Rhodesia it seerns that from
o to four feet of stored water is required per acre cultivated.
cubic foot per second flowing for twelve hours is
alent to one acre-foot.} This figure allows for the heavy
hsses by evaporation and seepage in furrows. In other wozds,
iten a storage reservoir of one acre in area (say 200 feet
muare), cach acre irrigated will take from two to four feet
th from the reservair.
t wiil be seen, thercfore, that full irrigation requires a
at deal of storage, and is expensive, especially if the land
uires much grading. It is quite out of the question from
eep bore water and can only be considered where there is
er a perennial stream or a dambo of reasonable size,
n terms of flow the duty of water is often stated as the
umber of acres which can be irrigated with a discharge of
cubic foot per second. Averaging conditions in India and
the Union which are reasonably analogous to those in
Northern Rhodesia and Nyasaland, one may take it that the
ity is from 50 to 150 acres per cusee, according to the crop
rigated, pasture being near 150 and wheat probably below
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T, therefore, the reservoir is fed by even a small perennial
ream of one or two cubic feet per second, it will, given a fair
lume of storage in the first place, irrigate a reasonable area.
oreover, 2 moderate number of the streams just below the

areas, both

1gly recom- height of the divide do not cease o run until about half-way

:d methods reugh the dry season, so that they are available to make

)y rotations od the water used on the first two or three waterings of the

mboes the crop.

its s well Already in the Chisamba and Mazabuka areas, to mention
by two, there have been: experiments in irrigation, and on

which are e whole it may perhaps be left to private enterprise, advised

d, if need be, controlled by agricultural officers, to extend

:d, capable
these beginnings. The initial outlay for storage, furrows and

which can

y have the grading is heavy, but maintenance charges for an cfficient
which are scheme are light and the exchange of a certain crop for risks

f seasonal variations must be reckoned on the credit side of
tice in the any argument as to whether irrigation is worth while.

The use of dambo water, naturally conserved, for irripation,
ually by pumping, must not be omitted from this review.
ain, the experiments have already been made by farmers,
th the advice and encouragement of agricultural officers,

ithout the

for fissure

ut Africa.

; of bores, f whem Mr. N. Clothier might be specially named.
iethods of A dambo may be regarded as a reservoir of water equal to
stood and bout ene-quarter of the volume of the saturated dambo soil,
Dr. Dixey touglily speaking, therefore, a dambo of average depth, say
Irilling in fght feet, contains sufficient water without replenishment
“sufficient 0 irrigate about its own area of nearby land. Because of the

omparatively slow scepage of water through the soil, the
st way to collect it is to cut 2 drain back into the dambo
m the sump at its edge from which the pumping is to be

tImost the
atter parts

nd always if
one.  Very encouraging results from this lay-out have

: methods lready been achieved in the dairy farms of Chisamba; where

pumping. asture under irrigation for winter milk should give good

irticularly alue,

t be tried. - Under certain conditions the marginal dambo soil jtself may
attention e worth irrigation, either by pumping or by using one of the
methods ystems outlined in an appendix,

* Winged . L

ative Irrigation
The development of small irrigation schemes for Africans
quite another matter, yet it must receive increasing atten-

a farmers on if the production of food is to keep pace with hoth the

vhich the crease of population and the expansion of its purchasing

srigation. power. Moreover, it is just where the pressure of population
xheat or greatest and the standard of intelligence to make use of

:on the rigation is most promising that the advantages of such
depth of development are most evident, namely on land at or below

2 crop. e 3,000 feet contour along the Zambesi, the Kafue and the

of water uangwa valleys, and those of their tributaries.
simplest This is more a matter of agricultural education than of

ater engineering, for with the will to irrigate the means to
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do so will casily be found. One can imagine what the
Chinese or Javanese would do with the land alongside the
Zambesi above Livingstone, where every few miles there are
rapids providing the necessary command and stretches of
land which would require little or no grading or terracing.
The Barotse are already skilful at using their aanual flood-
ings to secure crops planted hard upon the retreat of the
water, and it will not be a very long step for them to learn
cither to control the floods or to use the land further down
the valley under the command of those foods, To judge from
conversation with officers it scems highly probable that such
tribes would soon learn to imitate demonstration schemes on
a smalf scale and then be ready for advice from agricultural
afficers on more advanced schemes,

Major Problems

Of the major problems connected with the water resources
of Northern Rhodesia the following are treated, since they
were the subject of some brief field work.

1. Fhe Flooding of the Bangweulu Swamps.
2. The Development of the Kafue River.
3. Navigation en the Upper Zambesi,

It must be repeated here that the planning of development
in a comparatively new country must always be hampered
by the lack of data, and this is particularly the case where
water is concerned, since its provenance depends on so many
factors. It may almost be said that the best that can be done
by pioneering investigators is to define the problems and
decide where more detailed surveys wouid be most profitable,

The Chambesi River and Lake Bangwenlu

In the Northerss Province the native population is consider-
able, and its density iIs above the average for the Territory.
The rainfall being high, though seasonal, the development
problems for water supply are not so acute as they are else-
where. On the other hand, the province is unduly hampered
by its geographical position. It is cut off from its best market,
the Copper Belt, by the long  pedicle ' of the Belgian Congo
and its bulkier products cannot stand the cost of the long
road haulage to the Railway Zone. Two wars have shown
how important is the route from the south into Tanganyika
Territory, known as the Great North Road, of which a stretch
of some 400 miles passes through the Northern Province. In
cach of these wars temporary measures were taken to use
the waterways of the Bangwculu Swamps for transport,
measures which have pointed the way for further develop-
ment.

There is another reason for immediate attention to the
Swamps and that is the serious flooding in recent years which
has displaced a large number of Africans from fertile land
within the swamp area. The problem of how to relieve the
flooding is obviously linked with that of improving the
navigation facilities and they both impinge upon yet a third,
namely, the development of the fishing industry of the
swamps.

This industry, which is entirely a native one, is already one
of considerable magnitude. The fish are caught in the lake
itself and the lagoons of the western half of the swamps, they
are dried in the sun and then transported by any means
available to the still unsatisfied market of the Copper Belt.
Any means which can be devised for improving the transpost,
for broadening the fishing areas and for bringing regularity
into a somewhat haphazard industry must be of real benefit.

None of these requirements can be assured untdl the
behaviour or “ régime ™ of the lake and its rivers can be
explained and shown to be within power of control at reason-
able expense.

The visit to the area had to be brief, but it was made
under the guidance of Mr. Brelsford, a former District
Commissicner of the area, whose knowledge of the swamps
is intimate, and with Mr. Clay, the District Commissioner




at the time. It must be recorded that without the knowledge
and suggestions of these gentlemen the conclusions of this
report could not have been reached.

It will be as well first to consider the whole watershed
leading to the swamps, and thence cut of them as the
Luapula River.

The Chambesi River, which is really the ultimate, most
distant, source of the Congo, is already a considerable stream
by the time it crosses the Great North Read at a point 40
miles south of Kasama. By that time it has already gathered
to itself the rainfall of some 20,000 square miles and its
mean discharge for the year ar the Crossing can hardly be
less than 2,000 cubic feet per second.

The average discharge of a seasonal river is not a useful
figure for caleufations concerning all-the-year-round navi-
gation. On the other hand, both from observation and from
discussion, it seems that the volume of water available is not
so much in question as the occurrence of rapids and fast
water. 'The critical points for these hindrances are a few
miles above the Crossing, where there is a low falls, and 2
stretch of some miles between the Crossing and the
Pangweulu swamps, where there arc rapids whick can be
passed by small barges and dug-out canoces only at flood
time,

I was unable to visit cither of these points and can only
make a general recommendation that they should be
surveyed with a view to proposals for improvement. 1 am
inclined to suggest, after sceing similar rapids elsewhere in
Central Africa, that the surveyor should not be content with
locking for canal and lock sites, which in rocky country are
fiable to be costly. The traffic for some time to come could
well consist of long steel or wooden cances carrying from
five to ten tons of freight. It is possible to by-pass fow rapids
with such craft by providing a short stretch of rails over
which the barge is hauled by winch power.

Such a project combined probably with a certain amount
of checking of flow by the addition of large boulders to the
crest of a rapid may well be the best temporary measure.

The River Lukulu, which runs into the Chambesi just
below the Crossing, has been used to convey goods by
canoe to the neighbourhood of Kasama in the past. Judging
from the accounts of those operations, it would need only
a small amount of improvement to make it a valuable branch
waterway (o the main river.

The Bangweulu Swamps and the Luapula

The preblem of the Swamps is best approached by a
physiographical description of them, without which the
apparently cyclical flooding cannot be explained.

As shown en the map, the swamps together with the lake
itself occupy a_more or less cquilateral triangular area
with sides about go miles in length. This low-lying area
may be part of the general warping tendency between the
rift valley structures which is best represented by Lake
Victoria itself. Whatever the cause, it produced z shallow
lake into which the proto-Chambesi entered, with its silt,
at the eastern apex of the triangle and from which the
Luapula issued at the south-western apex., The Chambesi
began to build a delea at its end, while the Luapula ran for
the most part fairly clear. The area, therefore, began wo £ll
up with silt from the eastern end. .

When the Chambesi reaches the edge of the Bangweulu
Swamps it is joined by the Luansenshi River from the
north, and together they seem to keep two stretches of
water sufficiently clear of dense vegetation to have the
name of Lakes Wumba and Chaya. From here the water
spreads into the swamps by many channels, but three of
them can be distinguished as major ones, to be known in
this report as the North, Middle and South channels.

After following exceedingly complex routes, as will be
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described below, the water finally leaves the area as th
Luapula River at the south-west corner of the swamps.

At this point it is worth noting the moderately clog
analogy of this riverswamp association with that of th
Okavango in the Bechuanaland Protectorate.

In cach case a large river enters, quite steeply, a larg
triangular area and gives risc to vast swamps and the
passes on, cither scasonally, in the case of the Qkavango, o
permanently in the case of the Luapula. These triangula
arcas were obviously large lakes at one time which hav
been filled with the river deposits. In Bechuanaland th
filling is practically complete, while in Northern Rhodesi
there is still a larpe though shallow lake yet to be occupied
Theough the two cases appear to be ar different stages, it i’
quite possible that their beginnings were contemporancous
Bangweulu at a high altitude and with a high rainfall ha
always had a’strong-running exit river, whereas the Oka
vango at a lower altitude and under greater evaporation :
has long since failed w pass through the swamps as the’
Botletle river, except at time of flood, :

A still further comparison may be ventured, to the effect
that sooner or later both of these vast areas of flood land
are destined to be of enormous value in food production of
both fisk and grain,

As shown in the map and the block-diagram the north-
west corner of the triangle is the lake proper, occupying
about one-third of the total area, the respective sizes heing
about 1,000 sq. miles for the open lake and 2,000 sq. miles
for the swamps.

There is very littie drainage into the area from the
western side of the triangle, and the drainage out is from
the south-west corner. Accordingly, the origin of the water
may be conveniently classified in three sections:

(7) On the northern side, with a watershed of 4,000

sq. miles.

(&) On the southern side, with a watershed of 3500

sq. miles, and

{¢) The eastern apex where the Chambesi River enters, |

gathering its water from an area of 20,000 sq. miles. |

As will appear later, these proportions are of considerable
importance in any interpretation of the regime of the whole -
system, By applying the rainfall figures as far as they are .
available for these separate watersheds the preponderance of
supply from the Chambesi becomes still more evident and |
the proportions work out somewhat as follows: :

Chambesi 5
Northern basin 1
Southern basin 1

Accordingly we may expect to find that the silting up of |
the originai Jake has been effected roughly in that proportion,
and that the main delta has been that of the Chambesi
izself.

There are faint indications that the western side of the
whele depression is due to faulting, possibly connected
with the rift valley earth movements, but without going so
far back as that period we may assume a depressed triangular
arca being filled up by a number of rivers and drained by
only one, the main Luapula at the south-west corner.

The scasonal rainfall of the region causes an annual
range of water level in the arca which has been variously
assessed as from two to as much as four feet. There are no
figures for the silc brought down in suspension by the
Chambesi and other rivers, but this too will be seasonal in
character. In June, some two months after the end of the
rainy season, the water was quite clear in the western half
of the swamp area,

Such a series of conditions in a temperate area would give
a somewhat confused result as to the places where maximum
sifting would occur, but in a tropical area with seasonal
flooding and an extraordinary growth of water plants the
confusion: is much increased.
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¢ should be noted at this stage that the swamp vegetation
es considerably in type and density over the area,
ording to factors which are not well understcod and
¢d need investigation. The conditions vary from the
cedingly dense papyrus association, typical of the Upper
'pula from its exit from the lake down to its junction

the Chambesi. Here in comparatively deep water the
sity is so great as to prevent any passage even by small
ves except in natural or artificial channels, The papyrus
ometimes firmly attached to the bottom, at other places
“easily detached by rising water causing floating islands,
reneral, the currents can make no headway in the upper
ata of water, but they do pass strongly under the matted
owth of that zone to seek an exit below between the roots.
such places the mat is thick enoiigh and sufficienily
yant to be traversed on foot, somewhat precariously it
ue, either by man or by the splay-foored antelope, the
ytunga, which makes its home in such habitats,

Further o the east in the region of Lake Chali, for
stance, the papyrus is less dominant, giving place to reeds
which grow less densely. Amongst these the wll phragmites
very prominent, and it appears to favour fresher deposits
silt in shallower water, Thus it often marks the natural
ecs formed along the sides of main channels, where it
srows luxuriandy in from three to six feet of water, rising
o ten or fifteen feec above the surface. Its wispy flower
ads tower above such channcls completely blocking any
w, and it is often entirely covered by the charming water
onvolvalus whose flowers range in colour from pale mauve
p royal purple,

Sall further to the east, on the line between Ncheta
sland and Kasoma, the dominan: reeds are much less
bstructive and dense, so thar canoes can move in almost
iy direction through the thin grasslike growth. Ope reed
n. particular has a single, somewhat fleshy stem of the
ickness of a pencil, spaced at fram a foot to some yards in
istance apart, nearly every stem appearing to have its own
pecial caterpillar or smali green frog. At certain seasons
is growth is so sparse that it can hardly be called swamp,
d some early maps denote the stretch between the
outhern and middle channels as open water. This scasonal
rowth of millions of stems way well be of prime importance
s to the direction of movement of the water for, as will be
een later, it is the plants which are really responsible for
e unusual régime of water circulation.

It should be noted also that the main centres of fishing
re in the open lagoons to be found in the deeper parts of
he swamps, Lake Chali being the typical fishing lagoon,

d that the chief edible fish, Tdepia, is herbivorous and
annot be caught by hook but must be trapped or netted,
peratiens which require water fairly free from stems of
lants.

We may fow turn to the general map illustrating this
ction, opposite p. 44 and see in greater detail what an
pparcnt confusion there is as to the flow of water alone.
he arrows show that a part of the Chambesi water,
entering the depression at and near Lake Chaya, passes
ight across the north-eastern portion of the swamps as the
Northern channel and enters Lake Bangweulu north of
Nsumbi: Island, stiil as a fairly strong current in spite of
having lost 2 large proportion of its water draining off
through the swamps to the south and west. There is,
therefore, a1 definite gradient from Lake Chaya to Chirubi
Idand.

~'This Northern Channel appears to have been the largest
of the three channels for some time past, and it is navigable

n the dry season when the Southern channel, though more
direct, is too shallow for farge canoes. It was the main route
Used in the first World War for taking war supplies from
the Luapula to the Lukulu by water. It is described by
. E. Hughes, who was mainly responsible for the war
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transport at that time, as navigable throughout the year,
though apt to be choked with vegetation.

The reason for the Northern channel taking the largest
proportion of the Chambesi discharge would scem to be
the small inflow of rivers from the north and consequent
slew growth of silt deposits on that side of the swamp area,
It is a vital point in the problem of relieving the flooded
arcas and will be reconsidered later.

Where channels have been opened into the swamp from
anywhere between Chirubi Island and Mpanta Point the
lake water runs rapidly into the swamps roughly in a
reverse direction, towards the south and ecast. There is,
therefore, a gradient in that direction at that part.

Meanwhile the regular outlet for lake water is down the
Luapula channel to the south from Mpanta Point, a channel
which continues to be parrowed by the encroaching sides of
papyrus until it fnally ceases to be a natural channe] at ali
and the water finds its way under and through the plant
growth, some of it, quite strongly, castwards again into
T.ake Chali.

Of the other more or less natural channels for Chambesi
water, the most important from our peint of view is the
southernmost, the most direct route towards the Luapula
and the final exit at the south-west corner. This channel,
Lowever, is silted in places and does not carry the volume
such a direct route would seem to justify. In other words
Chambesi water runs in three main directions, north-west
to Lake Bangweulu, south-west to the exit, and, in berween
these, an indeterminate amount passes through the swarps
via old channels or through the plant growth, much of it
aleng what we have named the Middie channel.

It is clear then that the Chambesi has been trying to build
its delta across the depression. On the north side its activities
have been compressed to a slight extent by the silt brought
down by the comparatively small rivers flowing in on that
side. On the south side the much larger rivers have com-
pressed it more and have now restricted its most direct
channel by silting so that more of its volume has to seek a
northern or central route across the swamps.

We thus have a cause for floods which is the exact
reverse of that usually operating in swamps, which are
normally flooded by a choking of the oudet. In the
Bangweulu it seems to be due to changes in the channels
at the point of cntry and has nothing to do with the exit,

I was unable to visit the Lake Chaya portion of the
swamps and therefore cannot speak at first hand, but I am
convinced that this is the key area for control, if it is possible
at all. Tr was said that the inhabitants once attempted to
close one of these channels to avoid local flocding, but their
work was not substantial enough and was overwhelmed at
the first rainy season, yet it was probably a move in the
right direction.

Stated in the above simplified and general terms, no
doubt the problem appears to be a straightferward one, but
that is far from being the case, It is necessary to realise that
the “channels” thus glibly mentioned and drawn on the
map are not channels in the proper serse with defined banks,
but are merely routes kept clear of papyrus and reeds by
natural means, either depth of water or strength of current,
Alongside each of them the water is slowly progressing
through the growth in the direction of the local gradieat,

Further, this gradient may alter suddenly in the most
baffling fashion, so that there are local accumulations of
water and the current in any of the less important channels
may reverse its direction several times along a route,

If the above broad outline has been intelligible it will be
realised that the surface of the swamp water is not level, as
one usually expects in a continuous water-surface, but
slants in a general south-westerly direction. Nor is the
water ever stagnant except Jocally where it is surrounded by
unusually dense growth. In such plantlocked lagoons the
water may be foul, and the passage of a cance will cause
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a line of bubbles of gas to rise from the bottom, a line which
persists for a long time as a water-spoor. Elsewhere the
water is everywhere in motion, steadily in the major
channels, quite violently in some of the narrower cuts
{mpetampeta) formed by the natives, and very slowly indeed
through the broad stretches of sedgy water between the
channels.

If it were not for this continual flow of water through the
swamps, if, in fact, they were as stagnant as they sound,
they would be an impossible habitat for man and a peor one
for beasts. As it is, in spite of the impressions of some
visitors, the swamp arca is not unhealthy, or only so where
the population is crowded densely on the small low islands.

The curious state of affairs with regard to the water
movement may best be illustrated by considering the course
which a small volume of Chambesi water may take when,
after passing through Lake Wumba, it has a choice of
channels. Its shortest route would be along the Southern
channel, but it could pass down the Middle channel almost
to the Lunga Bank and thence by narrow cuts or * across
country ” ro Lake Chali and south to rejoin the Southern
channel. At present it scems that its most likely choice is
the Northern channel in a very direct route to Lake
Bangweulu, reaching it to the south of Chirubi Island and
then turning scuth to go down the Luapula or through the
swhiaips close to the northern edge of the Lunga Bank, In
the present flooded state it may cross the Bank itself, Its
route by the longest way round would be over 100 miles,
by the shortest about 70 miles.

Unfortunately, there are no levels and few figures of
current velocities, either of which might tell us why these
choices are open to the water. In their absence we are
driven to making estimates, little more than intelligent
gucsses, as to the shape of the submerged delta and the
slope of the water which is due both to the delta shape and
to the degree of obstruction to movement caused by the
plant growth. In attempting such estimates the writer lays
himself open to the gibes of future surveyors who will make
accurate measurements, but such an attempt will serve to
cxplain the type of problem with which we are concerned.

Taking the level of the water at Lake Chaya as datum
one would expect that the level of Lake Bangweulu some
50 miles away is about 20 feet lower, a figure arrived at
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from nothing better than the few published accounts of th
strength of flow along the Northern channel. (The channe
does not appear to be silting so the slope or gradient i
probably between /7,000 and 1/10,000.)

The velocity on the upper Luapula between the lake
and Kansenga was observed, and rough calculations from
the figures suggest a fall of about five feet in the fifteen
miles. From this point there is a meoderate flow for the
seven or eight miles o Lake Chali, which is therefore
placed, empirically, at three feet lower than Kansenga o
cight feet lower than Lake Bangweulu.

The upper Luapula used to flow underneath the papyru
from Kansenga southwards, but 2 cut made by Mr
Brelsford during the war has established a waterway once
more. Along this channel of about 15 miles the velocity
figures suggest a drop of about 10 feet to the juncton o
the upper Luapula with the Chambesi near a village called
Kataba. On the route from Lake Chali to Ncheta Island
our canoes met currents of up to three knots in the narrower
sections of the cut and accordingly the water level at the
island is given a rise of eight feet over the 12 miles.

On the journey from Ncheta to Kalimankonde the cur-
reats were slight and occasionally reversed so that village is
taken as but two feet above Neheta. For the five miles on
to Kasoma the currents were strong and, therefore, Kasoma,
a key point in the circulation, is placed at three feet higher.
Finally there is reason for suggesting thar Mbo is about
three feet lower than Lake Chali.

We may now collect these estimates into a conventionalised
map (as above), alloting 100 feet as a relative value to the
level of Lake Chaya,

The result of such estimating is naturally untrustworthy
to a degree, but it does provide some sort of cartographic
picture of what must be the state of affairs as to the water
surface. It must be repeated that the channels so clearly
marked are withour barks and represent little more than
reed-free routes with deeper and faster water than the open
swanip on either side.

The open swamp carries off a large proportion of the
water towards the exit point at the south-west and it
appeared advisable to find out what this proportion might
be. Accordingly T twok discharge measurements of the
Luapula at Kapalala, far from the main swamps, which
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MACHISA g2 Pagyrus well be the same. The significant information from his

7 is plotted in the di ' 6
o o map is plotted in the diagram opposite page 64.
Hg?;;fi)?; Sh_::[ it is clear that at that time the Southern channel was
ne s carrying a great deat of the discharge at feast as far as
MWAN'PUSH%3> Nsabushi Island. Between that point and Ncheta, however,
AL'MANKONDE%- he gives depths of six feet in May, which could be only
\/( three feet or less in September, and it seems very probable
' that even then the silt brought in from the south by the

Lumbatwa and Lukulu rivers had seriously shallowed the
e, on thar date, a result of between 18,000 and 20,000  main channel. It js significant that in 1915 when ], E.
wbic feet per second, Similar bur rougher discharge  Hughes was taking war convoys across the swamps he used
culations for the three channels, south from Kansenga,  the long way round, up the Upper Luapula and along the
uth from Lake Chali and in the Chambesi itsclf, opposite  Northern channel, in the dry season, “when the more
Mbo, gave an aggregate of only about 3,500 cusecs. direct and convenient route via the string of swamp islands
:This seems to indicate that about three-quarters of the  did not contain sufficient depth of water to fHoat large
ater reaching the south-west exit comes via the reed  canoes”.*
rown areas and not by the main channels. If this figure is The very existence of a “string of swamp islands™ is
en approximately correct it is clear that the narrow cuts  proof of the silting along the southern arm, Melland's
hich have been made from time to time to improve  excellent map is most illuminating in other respects and
avigation can do very litde towards draining the flooded  naturally ieads us to consider the problem of the  cyclical ™
eas. rise and fall in the level of Lake Bangweulu itself. Figures
With such conditions one would expect that any channel  secem to show that, quite apart from the seasonal range of
rrying sile would deposit some of it in the fringe of reeds  level due to the rains, up to four feer, there is a “cycle”
d form a natural bund or levee. We did discover this to  similar in kind to those in Lakes Tanganyika and Nyasa.
e the case in the lower part of the Chambesi where the At one time it was believed that thede cycles were syn-
epths were 20 fect in the channel, four feet at the edge  chronous bur that seems to have been disproved now.
d seven to eight feet beyond in the main swamp. This In the case of Lake Nyasa it seems to be clear that the
ds one to suspect that there may be more pronounced  alleged “cycle” is ne more thean a swing from one extreme
vees nearer the point of entry of the Chambesi, and if so  to another between two opposing factors w be found in
e breaks through of the past are through the levees and  wropical Africa. When the Lake is low and the exit river
ot merely by washing away plant growth. sluggish it becomes increasingly blocked by vegetation and
‘Another puzzling phenomencn is that at the time of the  consequent sifting. The lake level rises till it overcomes the
sit the water level at Kasoma was sinking and at the same  blockage but since the vegetation is tenacious in the extreme
me there was flooding in Lake Chali. This may be due it takes several years to remove it and reach the low cycle
. the slow passage of the main bulk of the water through  again.
¢ reeds, so that the former flood at Kasoma has taken some One cannot zpply such reasoning to the Bangweulu swamp
ur to six wecks to reach Lake Chali. It may equally well  area as a whole, since the true outlet is well below the main
be due to some fresh avenues having been opened from  swamp level and no control is possible from that end.
¢ main Chambesi which would thereby be reaching It has been suggested that the periodical blecking of the
hali by a more direct route. channel of the Upper Luapula, whick undoubtedly takes
The whole scheme of drainage is very complex and a  place, is the cause of the flooding. This choking of one outlet
ief visit could not clarify the situation with any certaingy,  is well described by W. V. Brelsford in the Geographical
rticularly as time did not permit sezing the eastern apex  Journal of July-August 1945, Vol. CVI, Nos, 1, 2, but he
of the swamps which is obvicusly the critical area. also shows that the block seems to have been in operation
Accordingly some description of this region must be  for a very long tme, and his own successful efforts in
given, taken from conversation and from published accounts,  cutting a by-pass channel for navigation had no noticeable
Of the later the most uscful is embodied in a map by Mr.  effect on the gencral level of the lake. As alrcady noted, the
F. H. Meclland, Native Commissioner in that district  proportion of water discharged by the channels as com-
between 1902 and 1910, which was published in the  pared with that passing through the open swamp seems to
Geographical Journal for October 1g11. At that time the  be far too small to allow the blocking of one channel to
northern parts of the Swamp were experiencing a cycle of  cause such extensive flooding. While it could be a con-
high water only two or three fect less than the present, and  tributory cause it cannot be shown that it is in phase with
although the routes of the channels may have altered 1o * < Bighteen Years on Lake Bangweuls ™, by J. E. Hughes, p. 261.
Some extent in the 35 years, their general distribution may  publishers: The Field, London.
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the period of fooding which is given by Mr. Brelsford in
his article, and may be repeated here.

He supplies evidence to show that there was a low level
in the 18g0’s, which seems to have been maintained uniil
1903. In rgro—11 the level was so high that the Ba-Unga of
the Lunga Bank were in distress, The level seems to have
fallen by 1920 succeeded by a slight rise to about igay
followed by a fall ending in 1935. Since that year there has
been a steady rise and the present disastrous high level seems
to have been reached about 1g44.

The graph shown below illustrates these somewhat un-
certain records. It must be viewed with candon since
both the levels and the times are of the vaguest, and it
cannot be taken as a basis for hypotheses.

i L i s
1900 1910

Graph showing relative Rise and Fall of Lake Bangweutu

890 1920 1930 1840

The undoubted effect of blockages by papyrus and other
vegetation cannot be ruled out, since it is so clearly operative
in other parts of Africa, but if it is a cause of the Hooding
it must be acting at the Lake Chaya end whence the supply
of water comes, Indeed the best hope of relieving the floods
in this case is probably to be found by using the capacity of
papyrus to cause blockages and catch sily, directing the
mechznism to those channels which require it, and clearing
those which have been blocked.

Having discounted the blockage of outlets as a cause for
the periodic floodings of the northern part of the swamps,
including the. Lake, we may now consider the inlers and
their susceptibility to alterations. It is obvious that flooding
is just as likely to be caused by an excess of water arriving
on an area as by hindrance to water escaping from it, and
1 favour this cause, not on evidence, which is completely
lacking in either direction, but because it is simpler,

As already described, there are three main distributory
arms or channels opening into the swamp area in the
vicinity of Lake Chaya, any one of which may be altered as
to its carrying capacity by natural conditions. A temporary
blackage in one may put such pressure on the others as 1o
cause erosion and widening, or there may be fresh breaks

GIN e

KATABA o
in the underwater levees creating a multitude of small
channels favouring one or other of the main arms.

It is indeed perhaps the commonest feature of any delta
that there is a swing of the main current across the fan
of its own detritus which though hardly regular enough to
be called 2 cycle, is yet caused by the inevitable filling up
of one channel till it cannot carry the discharge which then
partially deserts it for another ene. Unfortunately, in the

Reed 74 1030
(< /' High Reed
6;?4;9!: Reed

LA .’\’1% CHALI

SE corner !

"""" - Grass
\(:/* : « Moderate

Thin

2=

i
=
=

High Reeds mark Levee
3 holow waler alang this side

@""’S ;
Scale 1:50,000;

CHANNEL FROM
LAKE CHALI TO KATABA

absence of personal evidence as to what has happened
the past, there is no present proof that this action has been:
the cause of the flooding. A careful examination of the
area from that aspect, and questioning of the few natives,
who know the channels, may possibly clicit evidence,
We are therefore left with the not discomfortin
assurance that even if it has not heen the cause of
flooding it could have been. That being so an attack o




blem of prevention can be made from that end. It
more comforting from the engineering point of view
act that diversion of flow is very much simpler than
g, that in fact one tree trurk or one anchored island
yrus at the inlet end may do the work of hundreds
bic yards of excavation at the outlet end.

The Situation at Present

awned lands

ng thus stated the problems of ingress and egress of
rater to the area and suggested a partial explanetion of
. we must now examine the present state of affairs
b calls for remedial measures, some of them urgent
Vhether as a resule of a rising cycle or something more
sdental in the form of new break-through channels from
hambesi, there has recently been steady flooding of
orthern and dryer pordon of the swamp area, origin-
mapped as the Tunga sand bank and thickly populated.
Aooding began in the late thirdes and caused much
vement of the lake people and hardship, untl in 1946
re were not more than a few hundred peaple left in the
flooded villages, some thousands having been moved
the mainland.
s mentioned above, channels have recently been cut in
flerent parts of the swamp, primarily with a view to
roving the waterways for navigation. It is not yet clear
ether thesc channels have had much to do with the
nt emergence of small sections of the sand bank. In
w of the comparatively small discharge of these channels
ould be inclined to doubt whether they are having much
ct. For instance, the Churchiil channel when visited
a discharge of only about 1ov cusecs, not in the least
wparable with the amount moving slowly through the
areas of decp reed to the south of it. It is undoubtedly
ep in the right direction, but it will have to be much
ceper and wider before it can begin to control the level
the north to any marked extent. There is ample gradient
r such a large channel in the future to be dug by
echanical means, but I am not cenvinced that it would be
ther the cheapest or the most effective means of rec-
mation, There are reasons for believing that the reclam-
n of this Lunga sand bank should be the prime object
ny contro} which can be devised, on both economic and
cial grounds.
To quote mainly from conversations with those who
lew the sandbank in its dryer days, it can be described as
_area, up to 100,000 acres, of black clay or silty soil of
ceptional fertility and it was accordingly densely popu-
ted by the Ba-Unga. Mr, Trapnell, in a memorandum,
s recorded, *“ The Lunga plain area in perticular was of
car fertility and used at one time to be the scene of
igrations for garden making from villages in the various
ndbanks and even from some other islands in Bangweulu
cwell as from the cutlying villages of the Unga”.
ordering the actual sandbank and even elsewhere in the
shallower areas of the Swamps there are what the Ecological
Survey calls the Swamp Peats, not much inferior to the
nd areas for cassava,
One may conclude therefore that were a permanent
wering of the water level achieved there would be ample
good land for a great expansion of agriculture with the
pper Belt market not too far away. The rchabilitation of
the peaple in their former habitat is also an urgent mateer
r administrative and ¢ribal reasons,
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The fishing industry

"The catch of fsh appears 1o depend mainly on easy access
o lagoons and other fish haunts and on the level of the
water permitting the establishment of temporary, scmi-
ﬁOating fishing camps, There seems no reason to believe
that there is any tendency to over-fish the area as a whole.
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The cconemic factors of transport and price are a2 much
more dominant control at present than any scarcity of fish.
At the same time there is need for a fish survey so as o
curb the optimism of some and relieve the fears of others
with whom I discussed the fature of the industry.

It would be possible no doubt to drain the area so
thoroughly that the industry might be affected, bur the
existing artificial channels are at present certainly con-
tribating o its welfare by providing a small amount of
transport. This transport by motor boat has been somewhat
haphazard in the past, but under war conditions it had no
real chance to prove itself. Its inevitable expansion will
reduce the price of fish in its main market, the Copper Belt,
and free more men for the fishing from their tedious method
of taking dried fish for over rco miles by bicycle. It will
be necessary to handle that real improvement with care
since the fishermen cannot be expected to view a reduction
of price from the present figures with any relish. Any hard
bargaining by middlemen might easily dry up the source of
supply from a people who are moderately independent and
whose chief aims are still food and shelter rather than the
fuxuries of civilized products,

Transport

Under this heading there are two objects in view, namely
better waterways for the movement of goods fn the swamps,
and rouwes through the swamps to supply other centres.

The first requirement is already nearly met and can be
assisted Dby widening certain channels and perhaps by
building a receiving station on piles near Lake Chali, one
of the natural receiving points.

The second requirement is not so simple from either
the economic or the engineering point of view. The points
to be reached are either Mwamfuli or Nsombo on the lake
itself on the one hand, and as near as possible 1o Kasama up
the Chambesi and Lukuiu on the other.

The economic problem is that the opening of the new
road from Mufulira to Fort Rosebery and beyond should so
cheapen the rates by lorry that for ordinary swres and for
fish from the northern end of the swamps the land transport
would cut out the water transport, in consideration of the
drme saved. Unless and until heavy goeds from the Luwingu
district are to be moved to and from the Copper Belt, water
transport from the lake itself to Kapalala will hardly be an
economic proposition.

The case for the Kasama area is far more promising, and
if the upper Chambesi basin were ever to produce quan-
tities of foodstuffs for export, as scems possible, a water
route down the Chambesi to Kapalala would be profitable,
though the 60 mile lorry haul from that place o Ndola
would be a heavy charge on the freight costs, On the other
hand & branch railway line to Kapalala from Ndola would
be a reasonable project if the butk of transport increased
sufficiently,

‘There are no engineering difficulties in the route up the
Luapala to Lake Bangweulu beyond maintenance of the
Kansenga channel,

On the Chambesi route the existence of a lengthy chain
of rapids or fast water, which I did not see, may make the
establishment of such a route for barges a costly business,
though not prohibitively so if the picture is correct as given
by eye witnesses.

In spite of these apparent hindrances the problem of water
transport is so closely associated with drainage channels
that 1 feel it proper to suggest that when further data
are available the question of bulk transport by water should
receive the closest examination.

Survey and Control

The one thing which will be clear from the foregoing
account of the situation is that there js a deplorable lack of
information of any kind relating to the hydrology of the




arca. Such as there is has been the work of a succession of
District Commissioners whe have done their best with
inadequare instruments to record what their work has led
them to abserve, It is the penalty, or as some of them would
say, the delight, of pioncer administrators that they have to
be their own technical staff and to act in both capacities at
short notice, Nevertheless, it is time that, for the Bangweulu
area, such a demand on their capabilities should come to
an end. Nor, in this case, is it likely that the technical staff
of the Territory can be spared for long enough o make the
survey which is required and which is outlined below,

At this point then we may consider more fully the object
of such 2 survey and to what ends it should be conducted.

The aim of control of the swamp water is threefold,
namely:

{i) The relief of periodic flooding, particularly of the
Luaga Bank,
(i) The establishment of waterways for navigation,
{iii) The further development of the native fishing
industry.
At the same time the means of control must be inexpensive,
that is to say, they must rely as far as possible upon local
labour and materials. The first necessity is a hydrological
survey, but it may be instructive o consider what the
engincers may advise when the results of that survey are
available, even though we may have to assume some of those
results in advance, in particular that the Lake Chaya end
will be the one for control works.

One of the aims of such control works will probably be
the deflection of some of the flow from the Northern channe]
into the Southern; how is this to be done cheaply, and
mainly with local facilities? The answer is that the narural
mechanism of African rivers must be used to the full,
particularly the growth of swamp vegetation. The reduc-
tion of flow through an excessively active channel would
best be accomplished by guiding floating islands of papyrus
into the channel and anchoring them by artificial means
until they have anchored themselves and have checked the
flow enough to induce the deposit of silt. This would be
casy or difficult according to the nature of the site chosen.
In any case it would be an operation well within the
capacitics of the skilful native canoe-men, and except for
the occasional need for piles or poles, o be brought down
the Chambesi, would be accomplished with local material.

It is clear, however, that the partial blocking of channels
docs not of itself solve the problem, for the backing up of
the water which results would probably lead to fresh breaks
through in other places. Itis necessary therefore to consider
the real cause of the excessive fow through the wrong
channels, which is the decrcased capacity of the former,
right channcl, At the same time as the blockages are being
arranged in the other channels the capacity of the selected
chgnpel must be increased. To do this by dredging is
almost prohibitive and one must at least try more natural
means of enlarging the channel,

One such means is w© use the effect of growing vegetation
in slackening the current and inducing the formation of
natural levees. As already described, this process goes on
at present at the side of the more rapid currents and is
usually marked by the growth of phragmires on the sub-
merged bank so formed. Such natural levees are, however,
apt to hem in the channel oo closely and in flood time they
are broken through and washed down. If these levees
could be induced at a wider spacing they would be more
stable and their eflect in widening the channel for floods
would be more pronounced.

This moving back of the levees from the present channel
can be accomplished by cutting the arresting vegetation
down for the width of channel required and allowing the
sweep of the water to yemaove the inner levee and gradually
to build an outer one on each side. This may seem to be a
formidable task but there are alieviating conditions to it

. caused by large draining or diverting. operations.

Chambesi, and here in particular a detailed survey of

For instance, there is no need to artack a long streteh
the channel at once, it can be done in successive sectipy
from above downwards, for as little as half a mile aty
scason, If the optimum width between the new levees i
successfulty chosen the roots of the vegetation will be swep
away and there will not be serious fresh growth, each flagg
assisting in keeping the new bed mobile and preventing
reoccupadion by plants. Again the removal of the steg
only is required, not of the roots as in cutting a ney
channel, and it can be done with curved implements frog
a canoe in water too deep for wading, and by native labou

The process obviously involves the removal of silt in on
stretch only to be deposited again lower down, but this i
equally the effect of any other method of widening the}
chanael. :

A full survey with soundings will no doubt establish the
most satisfactory route for the increased discharge in
Southern Arm to foliow, particularly whether it should pas
to the north or the south of Ncheta Island.

The Need for a Hydrological Survey

It should be obvious from what has already been said tha
any rmajor operations with the channels might produce
unexpected effects and that we cannot predict those effecs
without many more data.

The most important information required is the level of |
the water surface at different parts of the arca, Withou: ;
such information there can be no surety that 2 new channel §
will be opened in the right place, or even that when it ks
opened the water will run in the expected direction. Yet
levels over the water surface of a large swamp are exceed §
ingly difficult to take and demand unusual survey methods,

Similarly, und! we have soundings of some accuracy in
such lageons as Lake Bukali and Lake Chali, good fishing
places, we cannot judge what effect on fishing may be

Again it seems fairly clear that the critical part of the
whole water systemn lies near the point of entry of the

depth, rate and direction of current is essential.

There must be fairly. simple explanations of anomalies
such as were mentioned above concerning flooding in one
area and lowering of the water level in another, but these
can only be obtained by further gauge measurements at
critical points. Further, a complete hydrological exploration
of the swamps will assuredly disclose the full reasons for the
eyclical rise and fall of the kake,

In short, there is unlikely to be any great advance in our;
understanding of these associated problems untl a survey
has been made. Itis in any case futile to call in a professional
expert on swamp draining, etc,, at this stage since he would
decline to give an opinion without further data or, more
probably, would have to bring a large and expensive staff to
obtain that data for him.

Such hydrological survey, though far too large a project for
the sparc time of occasional district commissioners, is well
within the powers of any group of young men interested it
surveying and water problems, even those without very much.
experience, and the work could be fitted into three or four
months of the dry season. It is chicfly a matter for energy:
and interest with a moderate degree of technical skil
Experience and sound judgment would be required when the:
survey had been: made, and then the services of 2 professional
ciigineer would be desirable. :

I would therefore suggest that a scientific expedition coul
well be entrusted with such a survey, and though monetary:
assistance would be required it would be far less than for 4.
fully professional survey by established engineers. Anothes’
very important point abeut such an expedition is thar it can
casily, and very profitably, be expanded to include specialists |
on related matters such as fish, aquatic plants and entomology
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ercby the survey can be made far more generally useful
in if it were confined to hydrology alone.
t is aot very difficult to find young University men who
e nearly or actually graduated, with the necessary eages-
s and knowledge, who are only too anxious to prove their
cientific competence by means of such an expedition, and
ose encrgy and readiness 1o endure the discomiorts of such
rk make up for their lack of experience. For a short period
y would not require more than expenses and an honor-
pm, since their published work is part of their reward.
s desirable that the leader should be 2 more senior man,
o would need more generous rerauneration, and a man
h local knowledge of the language and customs of the
es would certainly be required, preferably as stores and
Fansport officer.
t this stage we nced not further specify the personnel
uired for such an expedition, except to say that the work
ould be done by two or perhaps three people with know-
ge of survey and hydrological measurements backed, as
ientioned above, by such specialist scientists as were thought
irable. Six or seven persons in all and a sojourn of say

ur months in the feld should be sufficient to obtain the
hydrological data aimed at, though the specialists would
doubtless prefer a longer period, perhaps a complete cycle of
lant, fish and insccr growth,
“The ohjects of such a hydrological survey have already been
ecified in general terms, namely, to secure data for planning
hemes of drainage, water transport and fishing organisation.
It may be as well to suggest the methods to be followed as a
fide to anyone catled upon to organise the type of expedition
hich is envisaged.
The fundamental requirement is the levels of the water
rfaces over the whole swamp area, and this in isself js no
ean task, ordinary spirit levelling being impossible, The
erhod suggested is to use precision theodolites, such as the
c'krown Wild pattern, mounted on quadrupods on the
ands, the observations being made at night to a light on
the other islands.

1t so happens that the disuibution of the islands is such that,
Fcept in one or two doubtful areas, they are within 10 or 13
aniles of each other, so that quadrupods 20 to 30 feet high, or
platforms on trees, will provide inter-visibility. "The erection
of such quadrupoeds is well within the powers of natives
deeustomed to building roofs, but the poles would have to be
iransported. ‘The instrument would be placed on an inner
guadrupod, while the observer would stand on the outer one,
"These stations would also provide the framework for a
driangulation which would be observed at the same time,
valuable adjunct to the levelling. It is estimated that
he mean of a series of mutual observations ever such
Histances, made at night, should give 2 difference of level
With a probable error of between one and two feet,

These siations would probably be ar the following
'-g'oints, or on a majority of them, some needing only a shert
“Guadrupod:

Mpanta Point
Miloke or Kansenga
Kazaba
Nsumbu Island
Kasoma
Kalimankonde
Chinyanta
Mbo

© MNcheta Island
Matongo
Nsalushi Island
Mutwamina
Chisale
Lake Chaya

_ Observation for level from so many stations is a somewhat
formidable task and might by itsclf occupy a period of a

month or six wecks, depending chiefly on the skill of the
Capitgos OF MESSENEErs erccting the quadrupods.
From cach instrument station direct Jevels would be run

“to the nearest water level, where a temporary gauge post

would be set in the water. When a group of stations had been
bnished and levels cbtained, readings of these gauge posts
would be made as far as possible simultaneously, that is, on
the same day.

From these primary levels subsidiary figures for areas in
the swamps would be taken whenever opportunity offered by
furnishing every European with an anercid, read at stated
hours during the day, and compared with similar readings
on & companion aneroid at the nearest station. There would,
in addition, be occasional opportunities for spirit levelling,
for instance across Neheta Island.

The wiangulation likewise would be supported by frequent
compass traverses in canocs and every member of the party
should be able to use thar simple method of survey, otherwise
many of the rate and scunding observations would be more
or less useless.

The map and water surface levels being thus accounted for,
the attendant observationsywould include the following.

Soundings. Besides sounding all main channcls as requisite,
every canoe should have a pole marked off in feet so that on
any of the traverse journeys soundings could be taken by
watching the man with the marked pole and plotting the
result on the traverse, It will be appreciated that soundings
in the swamps, especially in the shallower parss, are just as
important as those in the channels,

Current measurements. A current meter should be avail-
able for the main channels, and discharges calculated from
their readings and the soundings. ‘These discharges will
probably only have a comparative value as showing - the
carrying capacities of the various channels.

The generai movements of water in the swamps are more
likely to be shown by measuring the rate and direction of the

flow through the reeds, This can easily be done from an

anchored canoe with surface floats where the plant growth
permits a eanoe to pass.

The more massive movements of water are probably under
and through dense masses of papyrus such as those bordering
the Luapula, To determine these the well-known methed of
using eosin or fluorescein is recommended. A small quantity
of this harmiess dye is released at a prearranged time and
point and a watch is kept for the appearance of the dye
wherever it is expected it will occur. This is the best method
for finding out where water from rivers like the Lukulu reach
the Luapula, their channels being hidden in the reeds,

A comparison of the rates of movement through different
varieties of vegetatien would naturally be undertaken. as part
of the general investigation,

"These are the three main items for the hydrological survey
itself, but many others will occur to the workers, including:—

(s) Taking cores of the bottom material with an extensible
soi} sampler.

(&) Experimenting on small channels wo find the effect of
different degrees of obstruction.

(¢} Experimenting to find the optimum rates of current to
produce erosion” of the bottom silt, especially in the
Chambesi south of Neheta Island,

() Special investigation and surveys of the Chambesi near
its entry into the swamps,

{¢) The mapping and sounding of all natural levees and
investigation of the best conditions for their formation.

(/) Occasional comparative determinations of the amount
of silt in suspension, though these would be of less
value in the dry season when presumably the work
would be carried out.

If these were the sole activities of the expedition its total
cost should be well under [5,000, allowing for the borrowing
of the more expensive instruments, and assuming that all the
mernbers were from England, with expensive passages to be



paid for. It would be as well, however, to include other
specialists in the ‘expedition, and, more important still, to
allow specialist officers of the Territory, ecologists, water
officers, cte., to spend as much time as possible directing the
work. With such additons, and allowing for three or four
months in the ficld, the cost might rise to {8,000,

There is some prospect of an acrial survey of the swamp
being carried out in the near future. Such a survey will be
of great value, but it must be realised that it will not give the
information required concerning the relative levels of the
water surface at different points nor the necessary data con-
cerning soundings, direction of flow, etc,

The hydrological survey might be done  independently,
either before or after the aerial survey. It could hardly be done
at the same time, since both parties would then be competing
for the limited transport available on the lake.

Some description of the large scale maps published herewith
is necessary, since they probably look much better than they
really are. I did not expect to do any survey work of this kind
and censequently had to improvise with such instruments as
I had with me.

The traverses were done from the canoes or launch with a
prismatic compass for bearings and estimates (with occasional
actual measurements} of rate for the distances. As the chief
canoe was of steel there must have been considerable devia-
tion of the compass, and as the rate of progress was continually
varying because of currents, blockages and changing of
paddlers, there must also be considerable errors from this
cause. Further, the traverse was not continuous, as the index
sheet shows, because in some channels it was not possible to
survey at all.

When some kind of a triangulation is ultimately made
these traverses will be adjusted to it and the major errors will
be reduced.

In the meantime, it may be taken thar the details of bends,
of velocities and soundings, and of types of vegetation are
relatively correct and the maps are thersfore published as a
guide to future visitors. The field scale was large, about
1/19,000, 50 as to permit channel widths being shown to scale,
and the whole survey was plotted on a small table rigged in
the canoe, as we went along. Soundings were by 2 home-
made line for deep ones and by a canceman’s paddle for
shallow cnes, Velecities were by estimation with an accasional
measurement as a check.

Development on the Kafue River

The Kafue is the only large river in Northern Rhodesia,
except for the less accessible Luangwa, which is entirely
within its boundaries and over which it kas complete contral.

The following are some of the bare geographical facts about
it which bear on the possible development of its resources. It
drains approximately 50,000 square miles, most of its sources
being on the border of the Belgian Congo, where the rainfall
varfes from 40 to as much as Go inches per annum. The mean
rainfall over its watershed is rather more than 30 inches.

In round hgures, allowing 8 per cent as the run-off, the
Kafue system should discharge between eight and ten miflion
acre-feet, or 4oo0,000 million cubic feet per annum. This
wouid mean an average supply of over 10,000 cubic feet per
second throughout the year joining the Zambesi. This hand-
some figure is possibly on the gencrous side becanse the
water is exposed in two large areas to a considerable reduction
by evaporation, at the Lukanga swamps and the famous Kafue
Flats. Itis exceedingly difficult to arrive at any useful figure
for this loss by evaporation. We can apply the results of the
very careful measurements of evaporation made by the
engincers of the Upper Nile and the Lake Platean, where the
climatic conditions are fairly comparable, but we are not much
benefited thereby, since in the present state of mapping we
must be very uncertain about the arca of water exposed in the
two swamps or for how long, We must make the attempt,
however, since long-term planning may be seriously affected

]0

by the result, though very broad assumptions will have o},
made. '

We will assume that the mean area of water expogy
throughout the year to evaporation is as follows: )

Kafuc Flats 800 5q. miles,

Lukanga Swamps -~ 200 sq. miles.
This area of 1,000 square miles of water mixed with somg
marsh vegetation would be susceptible, by analogy with
Upper Nile, t an annual loss by evaporation and transpiratigy,
of between three and four feet, With the higher figure fhe,
loss would then be something over two million acre-feet. Wy
shall be wise, therefore, to consider that the mean annyg
discharge of the whole system is about 300,000 million cubie
feet, at a mean rate of about 7,500 cubic feet per second, being
thereby confident that we are on the cautious side. i

Since we are dealing with round higures we may reming
ourselves at this stage of two other round Agures which can
be used for outline estimates, They are that one cusec should
irrigate from 100 to 200 acres according to crop, and that
cne cusec falling through ten feer should give about one
horse power if suitably harnessed. We must remember;
however, that we cannot us water for botl purposes unless it
can be arranged that the irrigation area is downstream from
the power area.

The main stream of the Kafue follows a rather extra-
ordinary course. Rising not far from Elizabethville, in the
Belgian Congo, less than 4oo miles in an airline from it
junction with the Zambesi, it makes at least two major loops
which with many minor meanderings give it a total length of
nearly goo miles. For the first 500 miles of its course it is a
true plateau river, above an altitude of 3,500 feet, and only
for the last 30 miles is it below the 3,000 feet contour,

Its gradient, between 3,500 feet and 3,000 feet, is very low
for an African high level river, namely about 1 in 2,500, and
it is not much more than that in its upper reaches. The
general effect of such a gradient, associated as it is with
innumerable damboes and swamps of all sizes, is to extend
the period of high water after the rainy season in a way
never found in the Luangwa, for instance, or the Ruaha of
Tanganyika Territory. In this respect it is precisely similar
to the upper reaches of the Zambesi.

The outstanding feature of the river is the Kafue Gorge
which, beginning about 15 miles east of the railway at Kafue
station, drops the river through nearly 2,000 feet in a distance
ol some 25 miles, giving a mean gradient of 1 in 6o.

The possibility of utilizing this fall as a source of power
has long been mooted, and in particular by Mr. C. Gordon
James, a farmer of the Kafue district, whose local knowledge,
energy and foresight were of great value to me in making a
reconnaissance of the project.

It is understoed that a detailed survey of the Gorge is to be-
undertaken in the near future which will supersede all the
reconnalssance measurements, yet the latter may be quoted
here in brief in the meantime.

The gorge is rather inaccessible to land travel, though so
near to the railway, and the maps available are not very
trustworthy, nor are there any measurements of level for the
gorge itsclf. T therefore had w0 make the reconnaissance by
air, flying down the gorge as close to the water as was prac-
ticable. Iwas accompanied by Mr. T', Longridge of the Water
Development Department, and by Mr. Gordon Jantes himself,
who was largely responsible for the rough air traverse kept
on the flight by ancroid and compass.

Flying over the Kafue railway bridge at a height of 1co
feet the plane passed over the Pontoon Ferry, about seven
miles east of the bridge, following the curves of the river,
whaose velocity seemed to be increasing only slightly for the
next ten miles, where the first turbulent rapid was seen. Just
before that point a wide valley comes into the head of the
gorge which should provide reasenable access for a construe-
tion road when required. A few miles east of the first rapid
the river takes a decided bend towards the south and then



again to the east, where the last major rapid was passed.
The flying timc, at roo m.p.h. when flying cast against a light
breeze, from the first to the last turbulent rapld was just
under five minutes. Four minutes later, say in seven miles,
we were over the debouchment of the river at the foot of the
escarpment, and turned south-cast to fly over the Chirundu
PBridge and then over the confluence of the Kafue with the
Zambesi six miles downstrcam. The Kafue water was very
Blue and clear and ran alongside the muddy Zambesi water
for some miles before miagling with ir.

Flying at 100 feet above the water here our aneroids gave
iis a drop of exactly 2,000 feet from the Kafue Railway Bridge.
Aneroid readings were meaningless whilst flying down the
gorge, since we had to change height violently at times and
4n any case could only estimate our height above the river.
Yet, using the evidence of the frst and last turbulent rapids
and our combined judgment, we were able to say that most of
the fall takes place over the eight or nine miles between them,
:If using caution, we deduct 500 feet from the total fail of
2,000 feet betwecn the Kafue Bridge and the confluence, we
have for the rapids section a fal] of about 1,500 feet.

A few days later the same party was able to get the only
‘other figure obtainable at the time, a measurement of the dis-
‘tharge at the Pontoon Ferry which, on May 25th, thatis to say
some six weeks after the rainy season, was about 12,000 cusecs,
Judged by flood marks, ete., it had probably been up t
20,000 cusecs at times, but the minimum for the year,
measured later, was 1,000 cusecs. 1946 proved to be a dry
year, the Zambesi discharge going down to 6,000 cusecs;
nevertheless the minimum discharge must be taken in all
calenlations for power.

The above figures mean that, allowing for loss of head in a
canal from the upper rapids to above the lower one and for
contingencies as w suitable sites for take- ofl, power houses,
ete., we should be able to count on an effective head of, say
1,200 feet. With a small diversion weir the minimum-flow
‘output of power would be in the neighbourhood of 120,000
“H.P. or go,000 Kilowatts. On the other hand, since the mean
-annual discharge is at a ratc of some 7,500 cusecs, any pro-
vision of storage to utilize some fraction of the total will
increase the output. Thus, an effective use of 4,000 cusecs
‘throughout the year, whick should not be outside a practicable
‘project, would provide 360,000 Kilowatts.
¢ The question to he settled will be how and where to con-
serve sufficient water to reach any desired target between the
dower and higher figures mentioned for output.

Until discharges at the Pontoon Crossing have been recorded
for at least 2 year it will be impossible to say what volume of
water would be required, but we can make reasonable assump-
‘tions in order to arrive at some sort of figure which will be
strictly provisiohal.

It seems itkely that storage wilt have to supply a deficiency
below 4,000 cusecs during part of June to mid-November ar
a gradually increasing rate. I we take 2,000 cusecs as the
mean deficiency ‘over those five months it will require rather
more than half a million acrefeet plus the evaporation of
five dry months. If this were to be stored in one large reservoir
it would require te be 100 square miles in area with a mean
depth of 1o feet. It might be preferable to bave two reservoirs
of smaller size, depending, of course, upon suitable sites
heing available, for reasons to be cited later.
© We must now consider the second miost remarkable featre
of the river, the vast expanse of scasonally flooded grassland
known as the Kafue Flats.

- When the river complees its last great bend towards the
‘west, often spoken of as the Kafue Hook, it turns through a
right angle and passes eastward through some Jow hills by
what is called, somewhat grandiloquently, the Meshi Teshi
Gorge. From this point to the railway line, over a distance
of ncarly 130 miles, it flows sluggishly with a multitude of
meanders through a plain which is flooded in the rainy
season and is a sea of grass in the dry season. The boundary

51

is abruptly marked by a tree line marking off the land which
is so scasonally flooded as to inhibit the growth of trees.

The Flats are a remarkable sight, whether from the air or
the ground, whether a sea of flood water or occupied by vast
herds of game and a considerably density of catde, grazing
down to the warter's edge as it recedes, The area thus
seasonally flooded is between two and three thousand square
miles, though parts of it arc so permanently waterlogged as to
be swamp rather than grassiand. The soil itself is a mixture
of the Kalahari sand blown there from the south-west with
the dark organic clay typical of African swamp lands, which
is usually called black cotton soil. With these constituents it
provides a wonderful pasturage and, when it can be drained,
a fertile arable, though it is difficult w work and impossible
to trave] over when wet, It is reported that in some parts the
soil is “ brak ', that is to say, impregnated with saits.

No one with an agricultural cast of mind can view this
plain without wondering whether its possibilities cannot be
better utilized in the future, and it is only fair to say that
opinions are somewhat divided on the subject,

There are no surveys of the area with enough detail to
permit calculations cither of the amount of water held up
during the floods or of the area of grassland in fulluse during
the dry season. The greater past of it is a Native Reserve for
the la-Tonga tribes with an estimated population (in 1936)
of 70,000 occupying five million acres, which is rather below
the average density for Northern Rhodesia, Their economy
is based on cattle, with fishing as a local activity and maize
and sorghum as subsistence crops wherever the foods permit.

The divided opinions snentioned above include those of
game lovers, who would like to preserve the game, of
European scttlers who see land not fully used, of native
leaders who resent change in their mode of life, and so on.

While respecting these several points of view one must, in
a survey of resources of this kind, consider the potentialities
of the area from a much wider aspect, including that of the
world shortage of food. In particular it is as well to consider
the full implications of any plans for industry such as are
included in schemes for the development of hydro-clectric
power. The industrial pepulation will require food, and the .
nearer to its centre the food is grown the cheaper it will be.

For these and other reasons, therefore, it is desirable that
any scheme for one purpose should be linked with the other
50 as to ensure murual support and enable the region to attain
a balanced economy for the inhabitants.

Whether from an arable or 2 pastoral point of view, the
Kafue Flats represent a vast potential source of production
and obviously it should combine both forms of agriculture,
either intermixed or side by side.

If the siver is to be controlled in order to provide a higher
mean discharge it should thercfore be at a point above rather
than on or below the Flats,

It is clearly impossible to cheose a site for a barrage from
the very inadequate maps, yet there are indications as 1o the
general locality which should be searched for such a site, and
it is strongly recommended that a preliminary search should
be made at the same time as the power survey is being done,

The Kafue makes its righthanded bend to the east at its
junction with the Musa stream and immediately below it
passes through a line of hills s the Meshi-Teshi Gorge.
Somewhere in that ‘ gorge” there should be rock formations
suitable for foundations, and the combined valleys of the Musa
and the Kafue should give storage depth, at leasr as far as
25 miles up the Kafue, where there are some rapids. Anather
promising area for search is a litte downstream of Namwala,
where there are ather, but much lower, hills.

As far as the necessary conservation is concerned, a barrage
at either place would net require to rajse the water level more
than twenty feet or so in order to give the required capacity,
especially if there were another storage basin further up the
river, but it would be a major engineering work withr sluice
gates.



Such a barrage would alter fundamentally the present
regime of the river over the Flats. Though the rains com-
mence normally in November and soon increase the discharge
of the local streams, the gmain flooding from the upper
reaches takes from four to six weeks to make the journey to
the Iats, which begin to flead in mid-January or even later,
the water driving the game and cattle back over the Flats
unti] they are folly flooded in April and May. ‘The water
then begins to recede and is followed down by the flocks
during the dry scason,

With a control barrage the first object would be to let
enough water through to maiatain the discharge at what-
ever rate was required for the power scheme. Suitably
designed the barrage would stilt have water to spare for
irrigation of one degree or another, for which -the uniform
gradient of the Flats would scem t be admirably suited,
and the most obvious crops would be winter wheat by
irrigation and possibly cotton and rice at suitable seasons.

1t would be no easy task to change the mode of agriculture
of the inhabitants from one which is z2lmost entirely pastoral
to that of mixed farming, but it has been done before in
other parts of Africa, An important feature of any such
scheme would be 2 due development of transport on the
river to railhead at Kafue.

Unless the topography immediately above the barrage
at Meshi-Teshi is unusuzily favourable, it would probably be
impossible to hold back as much of the excess water as is
desirable. Ultimately a second barrage higher up would be
advisable, and the Lukanga swamps some 150 miles upstream
suggest themselves as a possible storage basin, They appear
o be a smaller edition of the Bangweulu Swamps, but the
area is thinly inhabited and undeveloped though it is only
20 or 30 miles from the railway. At present the swamps
take excess water from the Kafue through two-way
channels, ‘which run into the area during flood increase and
out again during flood recession, the actual swamps being
some ten miles from the Kafue.

A shallow depression such as this is not the best kind of
storage basin since the evaporation is high, but since
evaporation loss takes place in any case the situation would
not be much worse in that respect if it were so used.

There would seem to be suitable sites on the Kafue itself
for a low barrage near its junction with the Lukanga. In this
stretch the Kafue is sluggish and in the dry scason probably
decreases in discharge so much as to make diversion work
during construction a simple matter. The barrage would be
designed to raise the level a few feer, the actual amount
depending on the results of a survey showing the storage
capacity above it. The sluice gates in the barrage would be
operated so as to co-ordinate the supply in the Jower storage
basin with the purposes in view on the Kafue Flats, but there
would be an important subsidiary effect on the Lukanga
district itself. A large part of the present swamps would
becomye, a lake, from which the present small fishing industry
would expand considerably, while the fats encircling the
present swamp would be under better control for the grazing.
It would further appear to be possible to use the Lukanga
river for irrigating the northern part of these flats for winter
wheat,

In summary, the two holding barrages should in varying
degree serve 2 secondary purpose besides that of conserving
watcr for power.

Very little can be said at this stage in comparing the Kafue
scheme with the Kariba scheme, already surveyed. Unil
surveys have been made of the Kafue, estimates of the cost
must be somewhat unreal,

The fundamental differences in the schemes is that in the
Kariba Gorge there is practically no fall of water bur a large
volume, whereas in the Kafue there are many hundreds of
feet of natural ** head ” of water, but only one-sixth of the
volume. Normaily it is more costly to create *head ”
artificially than to increase volume by storage.
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Navigation Problems on the Zambest

One of the great disappointments about Africa, in com-
parison with other continents, is that her large rivers are not
navigable. This fact, perhaps more than any other, has been
largely responsible for the delay in exploration and settlement,
and even for her slow economic development. Africa leads
the continents in her potential hydre-clectric power but pays
for that lead in lack of water communications. Hitherto
Africa has been able to offer only bulk products, except for
precious metals, which can only compete in the world market
if there is cheap transport, Any schemes for improving this
state of affairs must receive the closest attention if steady
development is to be maintained.

In the case of the Zambesi, we may take a glance at the
river as a whole and then suggest certain projects for the upper
regions, projects which are practicable in the near future. It
will be as well to reserve the term navigability as referring
only to barge and g navigation, using craft of not more
than 200 tons. :

The river is already of sufficient volume for barge waffic
in Barotseland, where it is 3,000 feet above sea level. It has
wo major and probably insuperable barriers to through
navigation. They are the Victoria Falls with the fifty miles
of gorge btlow the Falls, and the Kebrabassa cataracts
extending over a stretch of fifty miles and falling through
oo feet,

These two barricrs are about 700 miles apart, by river, and
with their rapids they account for about half of the total fall
of 3,000 feet. The mean gradient of the remainder is
therefore about xf2,000, a figure which, for a river of large
volume, is on the high side even if it were not unreal when
averaged over such long sections. We may therefore consider
the type of problems w navigaton in each of the thrce
sections jnto which the river is naturally divided by these two
major barriers.

The Upper Zambesi, that is to say above the Victoria Falls,
has & multitude of rapids of which, however, only one, at
Katombora, exceeds thirty feet in total fall,

The Middle Zambesi may be said to be unnavigable for
fifty miles below Victoria Fails, but from near Wankies it
has been traversed on several occasions up and down from the
Kebrabassa Falls when the river has been high. Itis therefore
marked by & number of rapids which are quite impassable at
low water but which become merely fast water at flosd time,
There are about ten of these critical sections. From a study
of the limited information available it appears that below
Kariba Gorge these sections are far less difficult than above
it and are comparatively simple at any discharge above
15,000 or 20,000 cubic feet per second. This estimate is men-
tioned to show that barge navigation on the Middle Zambesi
is dependent upon contral of discharge, and if cither the
Kafue or the Kariba schemes for power were to be constructed
the raising of minimum discharge would greatly simplify the
navigation below them. It is also eof some significance
that, owing to the very broken country between the Kariba
Gorge and the Victoria Falls, as well as the present routes of
the railways, bulk products for export are not so likely w
reach a Zambesi waterway there as they are from the :
Chirundu bridge downwards. In other words, the barrier of :
the Falls and its fifty miles of rapids might he considered as ;
reaching to a point just below the Kariba. From this point ;
to Chicoa at the head of the Kebrabassa Rapids is about 306 ¢
miles by river and there is only one really critical point, about
30 miles above the Luangwa confluence. Even here some :
judicious blasting of obstructions which narrow the stream |
would probably reduce the current to a reasonable rate. :

1t may be assumed, therefore, that for 300 miles of the
Middle Zambesi there are no insuperable cbstacles to naviga-
tion at normal flow for barges of a capacity up to 50, 0f ;
possibly 100, tons. :




“The Kebrabassa Rapids extend over about 45 miles and they
run through such rough gorge country that there can be no
question of parallel canalization even if it were financially
possibie. If a canat system, or more probably one of barge-on-
Tail transport, is ever seriously examined the probable route
for the by-passing of the rocky gorge will be on the southern
side along the valley of the Mesenangwa stream, Since the
bulk of the transport will tend to be outwards, down river,
a scheme of rail transport for the actual barges merits con-
sideration, the power for which might well be obtained from
the rapids themselves.

On the Lower Zambesi the obstacles to navigation are
almost entirely those due to shallow water and shifting sand-
banks, and these again will be greatly minimized if and when
there is floed controf on the Upper or Middle sections of the
river. Such control would also, but to a less extent, affect the
growth of bars at the many mouths of the Zambesi, but it is
impossible to say just where the river barge traffic could meet

ocean-going ships.

Waterways on the Upper Zambesi

There have been many suggestions in the past for engineer-
ing works on the Upper Zambesi, from giant schemes of
control to small cuts and minor improvements for canoes.
It was a detailed proposal for canalization put forward by
Mr. W. I, Ker, of Southern Rhodesia, which prompted an
official visit by the Water Development Officer of Northern
Rhodesia, Mr. T. Longridge, and myself to report upon Mr.
Ker's suggestions.

The hydrology of the Upper Zambesi basin has curious
features which cannot be ignored when planning develop-
ment. The large reserve of Barotseland receives the ron-off
from rivers rising in Portuguese West Africa and in Northern
Rhodesia itscll and these waters spread out during the rainy
scason over the Barotse phin. The whole economy of the
inhabitants depends on this annual flooding, and being
skilful cultivators the Barotse or Lozi have, in the past,
produced an exportable surplus of cattle and, until the recent
increase of population, of feodstuffs. They represent a
potential market for import and export of some importance
when transport can be improved, Needless to say, the Lozi
are experienced canoe-men and understand their rivers well.

Some forty miles below Mongu, the seat of administration,
the Zambesi enters upon a long stretch of rapids and one or
two definite but small falls, which s over 1oc miles in length,
Though dugout canoes, by running some rapids and portage
round others, regularly pass up and down, the passage from
Livingstone to Mongu is rarely accomplished in less than
three wecks and the cost of transport is excessive, recently
over f15 per ton. The lowest of these rapids is at Katima
Maolilo, when for 70 wiiles the navigation is simple to the con-
fluence of the river with the Chobe, This river, known as the
Kwando in its upper reaches, runs roughly parallel to the
Zambesi and ‘under similar circumstances of flooding and
tracts of marshiand until it crosses the border of Angola into
the Caprivi strip. Here it disperses itself in swamps which are
only slighdy less widespread than those of the Okavango
further west. The connection has at times been much closer
than one of similarity, since there is an old channel, the
Makwegana spillway, which even now sometimes empties
any excess from the Okavange into the Kwando, which is
here usually called the Linyante. There is good evidence for
betieving that at one time the Okavango flowed into the
Linyante and on to the Zambesi at Kasane. One such piece
of evidence is the prodigious width and depth of the river bed
towards Kasane,

At present the Linyante marshes absorb or evaporate prac-
tieally the whole discharge of the river, so that when, once
more changing its name to the Chobe, it reaches the junction
with the Zambesi, not only has it no contribution to make
but it receives water from the Zambesi and there is a reverse
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current which fills up the deep and wide bed for some 4o
miles upstream. .

The nature of the confluence requires some attention, since
it is one of the key points in any developments of navigation.
The Zambesi itself when it meets the rocky bar of Batoka
basalt, pours over it as the Mambava Rapids, dropping twelve
feet. Above these rapids the Zarabesi is some three feet higher
than the Chobe, some four miles 1 the south, at the head of
its own rapids. Consequently there is a flow of Zambesi water
through the Kassaia channel or channels, easily navigable, to
share the Kasane rapids, once occupicd, no doubt, almost
entirely by the Chobe. It is shown in the diagram below.
Below these twin rapids the Zambesi is wide and deep
and perfectly pavigable for a elistance of some fifteen miles
to the head of the most formidable of all the rapids of
the upper river, the Katombora, which fall dhrough thiry
fect over a distance of about onc mile measured along the
shortest channel,
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From Katombora the patches of fast water are navigable
for another twelve miles or so downstream, after which the
current is excessive in places.

On both sides of the Zambest from the Mambova Rapids
down o the vicinity of Livingstone there were formerly large
areas of the timber known as “ Rhodesian teak ™. On the
Northern Rhodesia side, the greater part of these forests has
now been cut out, the transport being by light railway to the
saw mills at Livingstone. On the south side, in territory
belonging to the Bechuanaland Protectorate, there are
similar forests now being worked by the Chobe Concession
Company with its saw mills at the new settlement at Seron-
delias about 13 miles up the Chobe from Kasane. At present
the sawn timber is taken to raithead at Jafuta, 6o miles to the
east, by motor transport.

The main long-term object of improved navigation is
clearly the devclopment of Barotseland, with possible later
development in the Caprivi strip. An immediate need is the
cheaper transport of timber, subject, of course, to the timber
companies clecting to use it if provided. If we accept a point
on the north bank about 18 miles from Livingstone as a dis-



charging point for goods to a railkead to be established there,
there arc only two sets of rapids to be by-passed for as far
up river as Katima Molilo, that is to say a distance of about
110 iniles, while the Chobe would be navigable to above
Serondelias.

Detafled surveys of the two critical points, the Katombora
and the Kasane rapids, will have to be made before fuil
estimates can be drawn up. In the meantime the type of
construction work likely to be undertaken may be outlined,
queting portions of the report prepared by Mr. Longridge
and myself. The specifications refer to a’ vanal capable of
accommadating barges of 50 tons capacity with a draught of
two to two-and-a-half feet.

The Katombora Rapids

These are situated abour 36 miles (by road) from
Livingstone and about 23 miles (by river) from the Kasane
Rapids. The fall from smooth water to smooth water is
ahout 30 ft. and the approximate line for a canal s from
3,500 10 4,006 yards.

There is at present an irrigation furrow about six feer
wide which takes off at the right-angle bend of the northern
shore near the house. This gives an indication of the
direction a navigation canal would follow but otherwise
would not be of much value, the excavation being of small
amount and the gradient being too steep. Except for the
first 400 yards which is through friable basalt, ¢this furrow
runs, for some 1,300 yards through a light alluvium with
black-soil patches. The aim would be to use this alluvium
as much as possibie for the canal. Some proportion of the
loase basaltic ground could also be dealt with by harrowing
followed by bulidozers.

The plan suggested by us is to have a double lift (of
approximately ten feet in cach leck) at the lower end,
situated near the twenty foot contour above the lower smooth
water level, The canal would then be excavated for about
2,000 yards through the alluvium approximately along the
contour as far as the former Polish Refugee camp, when it
would enter basaltic ground in which there would be
approximately 500 yards of excavation to the next Jift which
would be slightly abave the present irrigation furrow intake,
near the right-angled turn of the northern bank. This lift
would again be of approximately ten feet, bringing the
canal water up to the level of a landing basia which would
have to be made about 150 yards upstream of the present
landing stage. In this upper section the embankment and
cut would have to be made in basaltic ground, but it would
be helped to some extent by the existence of an old food
watcr channel. This portion is densely wooded and small
clearing costs would have to be included.

Estimation of the amount of cut and embankment is
difficult in the absence of any levelling, The length of
canal for the upper section would be a little over 1,750 yards,
and the total excavation in this portion would be in the
neighboyirhood of 5,000 cubic yards, with the assistance of
the ofd channel. On this portion there are at least two
storm channels coming from the higher ground which
would require treatment, possibly by silt traps above the canal.

It is difficult w make anything like a close assessment of
the amount or cost of excavation that will be required, and
this must be left to a future survey.

The Kasane Raprds

These are situated abour five miles up river from the
W.N.L.A. Kazungula station and about two miles down-
stream from Kasane. From smooth water to smooth water
below the rapids the fall is nine feet four inches and the
distance along a suitable line for a canal is a little under
1,400 yards. With the alignment suggested by Mr. Ker and
approved by us use would be made of & basalt bluff at the
upper end, which with a small amount of reinforcement
would make an excellent foundation for the upper lock or
flood gates,
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We learned that at Serondellas about 15 miles upstream
{by river) the range of flood may be as much as 13 feet, At
the Rapids the river is very wide and there cannot be such
a range there. Nevertheless we would recommend 18 feet
flood gates, the sill being three feet below low-water Ievel.

The course of the canal would follow the line of the abrupt
side of the valley which is formed by an amygdaloidal
basale, much decomposed in places and with many cleavage
lines. For the first 400 yards the basalt would have to be
excavated to a depth from ten feet to zero, for which we
may allow 3,00¢ cubic yards of excavation. The canal would
then make partial use of a former flood channel which has
cut into, and to a small extent has rotted, the basalt. The
amount of excavation would therefore be planned to be
only sufficient to build the outer bank of the canal on the
north side, adiacent to the rapids. This bank would have
to be six feet high at the lower end. It is not casy to
estimate the excavation without cross-sections, but we judge
i would not be more than 3,000 cubic yards.

The dimensions and structure of the retaining bank
would depend on the suitability of the material. We are
inclined to think that the lower 200 yards would have to be
lined with masonry work urless any clay pockets are found
in the acar vicinity. The work would consist of straight-
forward cut and fill, with some blasting,

The maintenance and running costs of the Kasane canal
would naturafly be less than for the longer Katombora
canal.

While any estimates based on a short visit and in the
absence of any survey must be viewed with caution, the fact
that they are not prohibitive is at least good reason for
initiating an cngincering survey. The cutting of these
two canals would epen more than zeo miles o barge
navigation with its end point at 20 miles from the present
raitway, Such a development would reduce transport costs
considerably to and from Barotseland and even enable that
district to export such surplus food as it can grow,

There would still be the long and difficule stretch of
cataracts and rapids above Katima Molilo. At present the
Jarge dugout canoes used for transport are hauled up all
the difficult sections without leaving the water except at
twe points, the first at the Ngambo cataract where the
portage is about half-a-mile in length, and the second to
by-pass the Gonye or Sioma falls, a portage of nearly three
miles.

It must be clear rthar whatever might be done for the
improvement of navigation on this section of the river it
ceuld hardly take the so-ton barges planned for the lower
section, unless the topography is very favourable for modi-
fications w0 the river channel. This caveat s entered
because the level of the river above the Sioma Falls, them-
selves constituting a drop of about 20 fect, is probably less
than 100 feet above the river level ar Katima Molilo, a
distance of some 7o miles, which gives 2 mean gradient of
about 1 in 3,500. There must be many reaches of slack
water, and were it a narrow river it could easily be improved
by demolishing the crests of the rapids. This may not be
possible except at great expense for a river which is often
200 yards wide. The two major hindrances mentioned
would have to be canalised, and schemes for that must be
left to the future. In the meantime the present method of
hauling the canoes over the portage could be gready
improved by laying a light rail track with trolleys on to
which the canoes could be run, fully loaded, at cither end.

If the canals on the lower section are approved there is
litde doubt that improvement on the upper section will be
worth while, Apart from any immediate economic returns
there are pood political and social reasons for making it
possible for Barotseland to employ its people at home
instead of allowing a mest disquicting percentage of its men
to offer their labour elsewhere.
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spiTe or its small size, about three-quarters of that of
ngland, or 38,000 sguare miles, Nyasaland has consider-
ble extremes of relief, rainfall and soil.

Since the area of the lake itself §s 11,000 square miles and
ost of its watershed is in Nyasaland the hydrography of
the Territory may be said to he that of the Jake and it
putlet river, the Shirc. Naturally the lake has played a
nsidcrable part in the cconomy of the region in the past
d it is destined in the future to be still mere dominant as
“ the resources of the Northern Province are developed.

Yet it is not nearly so valuable an asset to the country
s one would expect it to be from its appearance on the
rhap. Thus its great depth, over 2,000 feet at the deepest
art, and its encrmous capacity as a reservoir, holding
snough to cover England with 100 feet of water, are in
oint of fact of no direct value, but rather the reverse. The
ow temperature of the bottom water probably has a
eterrent effect on the fish population however much it may
imeliorate the air temperatures for the benefit of the human
opulation. Similarly the only cffective pare of that vast
tore of water is the top layer about 20 feet thick, for that
lone can be used by man. Moreover, though its 360 miles
f length extends for nearly two-thirds of the total length
f the country, its undoubted value as a means of trans-
orting bulk goods is tempered by three characteristics of
the lake: a dire lack of natural harbours, a great frequency
f dangerous storms, and a variable level of the water over
range of ncarly 20 feer.

The storms, which have been responsible for many
atastrophes, including a particularly serious one in 1946,
re beyond the contrel of man, but the provision of artificial
helter is not, and if the lakelevel is ever stabilised by
rtificial means it will be possible to take in hand the
mprovement of harbours.

Indeed, far frem hinting that Lake Nyasa is Nyasaland’s
orrow, we should recognise that its value is bound to
ncrease and no survey of the colony’s water resources can
isregard its potentialities.

The extremes of relief are an unqualified asset to the
ountry. Nearly 8 per cent of the land area is above the
w00 foot contour ensuring a heavy rainfall to supply the
omewhat short and rapid rivers. If we assume the 3,000
oot contour as the health or habitability contour for
uropeans, then over yo per cent of the country is suitable
‘or the white man. For those who have to work below that
evel there is nearly everywhere a health refuge in uplands
nly a few miles away,

On the debit side of the account we must note that the
endency to soil .erosion is a constant threat to hillside
agriculture, and the silt brought down by the precipitate
rivers is 2 menace to alf contral of water in the flatter valleys
“below.

The rainfall is very much a reflection of the relief,
intensified, as compared with the Rhodesias, by its prox-
Jmity to the Indian Ocean. It is markedly seasonal as befits
the latitude, but on the highlands there is some dry season
{winter) rainfal], which makes all the difference for such
crops as tea.

* Broadly speaking we may recognise a very wet northern
end of the territory, a fairly wet southern end and a dry
centre, but these generalisations arc subject to local modi-
fications. Thus the most southern district, the Lower
Shire, has the least rainfall in the wet season, but that does
not hold for the dry season when it benefits from a type
of showery weather called after the name of a mountain
supposed to be its cause, a ‘ Chiperoni’. The Chiperonis
are so regular though slight in amount that they are
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definitely taken into account in arranging sowing dates for
cotton. There are many cases of local rainshadows, areas
robbed of their rain by mountains to windward. The driest
district in the colony is a bele from Domira Bay to the
Bwanje river valley and its poor supply appears to be due
to that cause.

As elsewhere in Central Africa the outset of the rainy
season is uncertain. Pue in October, it may have a false
start or cven Dbe delayed undl December, and there is
frequently a break in January which, if proiongecf, may be
serious for certain crops, This break is to be atrributed to
the passage of the sun 1w the southern tropic and is
probably the ecquivalent of the longer equatorial break
between the * short” and the *long’ rains on the equator.

Nyasaland seems to suffer more than the other territories
from locally wviolent storms in the wet season; few years pass
without some catastrophic fall in one district or another.
For example in the 1945-46 wet season the district of South
Nyasa had a fall of over 10 inches in 24 hours, In the next
wet season, in December 1946, there was an even more
disastrous fall of about 26 inches in 40 hours centred on
Zomba Mountain, which was accompanied by loss of life
and widespread damage.

These incidents are mentioned here because they help to
explain why the Shire River is so difficult to control, and to
emphasise the necessity that any plans for conservation
should allow for such prodigious falls as part of the regime,

Lake Nyasa and the Shire River

The lake and its outlet river are the backbone of Nyasaland
in more scases than one, a fact which has long been recog-
nised. On the vagaries of both lake and river the checks
to progress and the advances have been closely dependent.

Much has been written concerning the changing level of
the lake, and a short review of its characteristics and causes
must precede any consideration of plans for development,

Dr. Livingstone came to the Shire valley when the lake
level was high and was able to use the river, except for its
middle section of rapids, for beat transport. Indeed
Nyasaland became a highway to South Central Africa in
the ‘cighties’ precisely because goods could be taken hy
water to the lake with only one Jong portage of about 5o
miles. Towards the end of the century the river became
less and less navigable untl by about 1gro there was
practically no flow at all out of the low-level lake.

For various reasons the data concerning the changes of
lake level are not very reliable unti] that time, and the lack
of precise data clouded the problem considerably, Various
hypotheses were put forward on the basis of the change being
a truly cyclical one depending on causes which were periodic.
Other theories ascribed the chanpes to something in the
ratire of ‘accident’. Tt is interesting to note that Sir
Alfred Sharpe appears to have been the first to strike what
we now know to be the right note in his paper 1 the Royal
Geographical Society in December rgir (published in the
Geographical Journal, January 1grz). He said, “For the
present fail in level of Lake Nyasa it is difficult to assign
any reasonable cause except a deercased rainfall in the basin,
but such observations and records as have been kepr at
Lake stations during the last few years do not seem alto-
gether to bear out this supposition. A theory which might
to some extent account for definite cycles of rise and fall
in the level of Nyasa has suggested itself to me, and
advance it for what it is worth.,”

After mentioning that a somewhat analogous situation on
Lake Tanganyika had impressed him he goes on:
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“ Some few years ago during the dry season Nyasa ceased
10 overflow and the bed of the Shire at its exit began to
silt up, reeds and other plants took root. It would only have
nceded a few similar seasons for the outlet to have become
entrely choked up.” {As indeed it did—Author.] *Is it not
probable, therefore, that this has actually taken place at
previous periods and that the level of the lake subsequently
rose till it overflowed the barrier and finally burst it? Is it
not, moreover, probable that these cycles of fall, blocking
up, risc and outburst have been going on for ages? ”

The graph reproduces the data concerning the lake level, as
measured close to the outlet, since 1914, from which year
the readings appear to be reliable, The continuous line
represents the minimum lake level of each year, and the
pecked line shows the maximum of each year since 1923
The scale of feet for the verticals is the actual reading on
the Fort Johnston gauge post, but we do not know its
precise height above sea level nor is it significant for the
present purpose,

The graph'shows the half-cycle of rising level from 1914 to
1938 and the beginning of the other haifcycle of o falling
level.

Dr. Kanthack has made a carcful analysis of this curve and
correlates it with rainfall as far as the somewhat scanty data
permit. He shows very clearly that “kinks ™ in the curve
suchas. those i 1932, 1940 and 1945 are directly duc to
variations in rainfall, This is published in his “ Report on the
Measures 1o be Taken to Permanently Stabilize the Water
Level of Lake Nyasa ™, published at Zomba in 1945,

The rainfall figures do not explain the leng period cycle for
which we must seek another cause.

In considering any schemes for the control of the lake-river
system it seems essential to establish beyond reasonable doubt
what js the fundamental cause of the cycle in the lake levels.

Unless the cycle itself is capable of control it would be
hazardous in the extreme to embark on schemes which the
cycle might in time override, and this applies to almost every
one of the schemes mooted, stabilization of lake level, irriga-
tion, hydro-electric power or navigation.

Let'us consider for & moment Low we could produce by
artificial means, in a hydrological laboratory for instance, a
cycle of successive rises in a miniature lake, followed by
successive falls such as Lake Nyasa has experienced since
ohservations began.
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Taking a tank we might run in a variable supply of water
to imitate the variable annual rainfall {and if necessary
some abstractions to imitate evaporation), We should find,
of course, that if the cutlet were made of iron or concrete
or other non-erodable material, we could not preduce any
cycle. This merely reflects the truism that any lake which
has a rocky lip or outlet disposes of any temporary surplus in |
one year, or at the most two, and there is no long-term cycle |
af rise or fall.

This s true of most of the large lakes of temperate regions
{e.g. the Great Lakes of North America), and invites us to
consider what new factors may be peculiar to African lakes |
which prevent such a normal state of general equilibrium.

Proceeding with the experiment, we should find that the |
only way in which we could imitate the cycle would be by
making the outlet vary in discharging capacity. If, for :
instance, reducing years inte days, we were to continue the
irregular supply as before but in addition were to zlter the
outlet artificially, we could, by trial and error, succeed in
imitating any cycle.

Thus, if for a few days the outlet were deepened a little
daily, simulating bad erosion, the tank level would fall day @
by day. If, then, on the following days an increasing amount
of obstruction were dropped into the outlet, simulating silt
deposit and growth of vegetation, the tank level would rise
until at some point the obstructions were unable to resist
the pressure and were washed away.

From such an experiment, or others more claborate and
natural, we obtain a strong hint that the outler itself is
probably the cause of the cycle, and then only if it is sus-
ceptible to deepening and shallowing by factors which do
not balance immediately but successively gain or lose their
dominance.

The QOutlet to Lake Nyasa

Let us now look at the outlet conditiogs as they exist at
present for Lake Nyasa.

The River Shire has its exit from the lake sbout four miles
north of Fort Johnston and flows through some eleven miles
of light alluvium to another depression, Lake Malombe,
which at high lake levels is up to 20 miles long by 10 miles
wide. Malombe may be regarded as an extension of Lake
Nyasa itself, since the flow from the greater to the smaller is
very sluggish, and may even he reversed if the smaller lake



receiving temporarily an excessive supply. It did so after
# phcnomcnal rainfall of February 1g46. There is a small
p in level 1o Malombe and the first cleven miles of the
ire may be considered as at least part of the lip or functional

pparent outlet, for here the gradient is more perceptible and
‘definite current can be observed. MNevertheless, this current
ows over soft alluvium for another 24 miles, dropping four
t before it reackes the first rack bar at Liwonde. In

erodable bed, and we have the first condition for a variable
tlet, capable of being deepened and widened by crosien.
Aoreover, for all this distance the flow, at low lake level,
so sluggish that the second condition for a cycle is also
resent, namely, a suitable environment for the growth of
“sndd and reeds which can work the opposite way to erosion
nd tend to obstruct the outlet, .

There is an important and possibly decisive accessory to the
egetational blockage in the form of several short rivess which
an bring their silc into this first g0 miles of the outlet river
n times of exceptional fAocod. Of these the most important,
s ohstruction agents, appear to be the Nkazi and the
Nkangai, which join the slow-fowing Shire a little below
ake Malombe.

‘It should be clear, therefore, that the outlet to Lake Nyasa
ossesses precisely the peculiarities which our experiment
equired, that is to say factors able to act in opposite directions
ither to reduce or increasc the discharge, and hence alter
¢ lake levels in a pscudo-cyclical manner,
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The Supply to Lake Nyasa

The variable supply by rainfsll to the Lake catchment
rea, discussed by Dr. Kanthack in his report, does nothing
y itself to contribute to the cycle, though it does produce
bnormal kinks in the cycle curve and may well determine
e critical points (turning points} for that curve. The figures
r rainfall must always be somewhat uncertain, partly from
e paucity of characteristic stations for the data, but much
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librium. ore because of our ignorance of the evaporation, Thus an
1d that the xceptionally dull or cloudy dry scason may well affect the
ould be by vaporation to the equivalent of many inches of rainfall
ty, If, for here is, however, an important source of information on this

point which does not appear to have been fully appreciated.
From about 1917 to 1933 it is reported that there was no
ow out of the lake. If that be so then the amount of fzll in
vel from the end of the wet season to the end of the dry
ust be the figure for evaporation over that period, modified
what rainfall may have occurred during the dry season,

For the year 1923-32, for which there are fairly accurate
measurements of the maximum and minimum levels, the dry
season fall is almost uniform at an average of 32 inches. The
average rainfall/over the lzke watershed in the dry season is
about five inches, which is equivalent to a rise in level of
ghout eight inches in the lake. Tf we add eight inches w0
account for the rainfall in the dry season we arrive at a figure
of about 4o inches for the amount of evaporation in the dryest,
though not the warmest half of the year. In the light of this
argument it seems possible that Dr. Kanthack’s figure of
84 inches evaporation in the year may be unduly high. The
data are susceptible of further analysis to elucidate this point,
but since it does not affect the final conclusion it has not been
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It wil! now be appropriate to apply the criteria cited above,
‘namely an erodable channel with opportunities for blockage,
o the last half-cycle of change in the Nyasa Lake levels,

four miles
even miles

Malombe, During the first ten years of this century the lake level had
¥ 10 miles een falling steadily each year and the flow from. the outlet
n of Lake was more slender and sluggish. The figures at our disposal

re not very complete until 1915, when the falling cycle had
ust changed to the rising cycle, but an important event

» smaller is
naller lake

occurred in 1607, as quoted by Dr. Kanthack, which should
be noted.

In that year a “cloudburst” over the Nkazi catchment
obviously precipitated the tendency o blockage already
approaching completion from other and similar causes. An
unprecedented amount of silt was brought down by that
tributary and deposited as a delta in the bed of the Shire.
‘This delta was added to in ensuing years and became more
and more consolidated by vegetation and debris. At the
same time the low level of the lake and the decreased dis-
charge had favoured the growth of sudd and reeds in the
upper section of the Shire, particularly around its entrance
into Lake Malombe. (It is intcresting to note that the very
similar * cloudburst ™ of February 1046 over the same area
did not biock the Shire with a delta, because the lake is now
at high level and the river is running strongly enough to
remove the silt, as will be described later.)

The rate of growth of this blockage apparently exceeded
the annual rise in lake levels, which had begun about 1913,
and by 1917 there was practically no flow out of the lake
except by seepage, a condition which endured until 1933, a
period of sixteen years.

Naturally the lake levels rose in an upward curve, with
the characteristic kinls due to the variable rainfall, As far as
one can ascertain from eyewitness accounts, the obstructions
at the entrance to Lake Malombe and at the Nkazi delta
became more and more consolidated.

In 1933 thelake level had risen to 20 feet by the Fort
Johnston gauge, from less than 9 feet in 1915, and had
topped the obstruction, though one cannot properly speak
of the “top ™ of a mass of vegetation possibly some rmiles
long, entangled with silt. The Shire began ro flow and to
fill Lake Malombe which had been quite dry. The river
began to remove the blockage and slowly but steadily wo
lower it. The temporary fall in the lake level for 1g33
may represent the discharge over the beginnings of 2 new
outlet, or it may merely reflect the very low rainfall on
the catchment in that year. The removal of the surface
obstructions was slow and tock at least four years, though
it was aided by the cfforts of the District Commissioner at
Fort Johnston, Mr. Barker, who had the sudd between the
Fort and Lake Malombe cut up and fleated downstream.
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In 1936 an exceptionally wet year raised the lake level by
two feet, and at theend of 1937 the river had definitely
widened and deepened its bed enough tw enable it to dis-
charge more water than the rainfall supplied. The cycle Lad
thus changed over to successive falls in level, and this was
well under way by 1944. The record rainfall of 1945 has
naturally caused a temporary rise in the level, but at the
same time by providing a greater discharge it will deepen
its bed still more. High rainfall in 1947 has repeated the rise.

If allowed to take their natural course the lake levels will
steadily fall until the discharge is so low over the lip of the
outlet that the flow is once more sluggish enough to give




silt and vegetation time to accurnulate and commence the
era of blockage which must always follow an era of clearance.

The graph shows most of these phenomena and in
additen shows the maximum and minimum heights for
cach year, As Dr. Kanthack points out, the actual con-
dittons of level are somewhat confused by the fact that the
rainy season sets in before the beginning of the calendar
year, but we are here concerned with tendencies rather than
actual amounts,

At this point we may allude to a curious phenomenen in
the rate of seasonal fali, during the dry season, which has
puzzled some observers and led them to question theories
based on rainfall and evaporation.

The lake Jevel consistently falls more rapidly in June and
Tuly, the colder months, than it does in September and
October, the hotter months, when cvaporation should be,
and is, very much greater, This is due to the discharge by
river being naturally greatest near the seasonal peak but
falling off in September when the level is lower, masking
the effect of the greater evaporation at that time. .

The above explanation of the cycles is based upon the
essential point that the lip of the lake’s outlet is not at the
rock bar at Liwonde but is an ill-defined length of alluvium
which is susceptible to erosion on the one hand at high Jake
levels, and to blocking by silt and vegetation on the other
at low lake fevels. The very large storage area of the lake
and the small capacity of its outlet are together responsible
for making the swing from onc sct of conditions to the
other extend ever a comparatively long period of years.

Strictly speaking it is not a cycle in the sense that the
period is fxed. It might easily be shortened or lengthened
by marked variations of rainfall as well as by flooding by
its tributaries,

The Need for Development

It bas been shown that Nyasaland is largely dependent
upon the lake and the river, and it is necessary to show how
far the vagaries of lake-level and river flow have affected
progress. Ir is even more important to consider what
benefits might accrue from the cstablishment of some
degree of control over these vagarics.

The territory is at present almost entirely agriculturaly it
has few mineral resources, and as yet there is no cbvious
lead towards creating industries of the manufacturing type.
It is true that there is coal in the south-west, and that other
discoveries of minerals such as that of the hauxite of the
Mlanje mountain may be made, but such possibilities
cannot be assumed. The prospects for the development of
manufactures are rather better since there is ample man-
power and the Shire itsclf can provide considerable
waterpower.

Yet it s clear that for some time to come the Territory
must base its whole economy on the products of the fand,
which for export must have reasonably cheap transport,
There can never be through traffic down the river because
of the Murchison cataracts in its central section which have
a fall of over 1,000 fect in some 50 miles, but at high lake
levels there would be, and used to be, considerable use of
the river for bulk transport to raithead. On the other hand
few improvements in navigation or investments of capital in
shipping are likely to take place while the cycle of rise and
fall continues,

The lake itself would seem to provide a perfect source of
cheap transport for a length of 360 miles, It has been used
steadily for that purpose, but a full expansion has been
hindered by two factors. The Northern Province has great
potentialities but they are as yer undeveloped, except on =z
local scale, partly because access to the lakeside is difficule,
but also because the provision of lake transport is as yet on
a very moderate scale. This tardy development of transport
is again due in the main to lack of harbours—there are only

. level of the lake, that is within the four foot average annual
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two all-weather refuges—and to the changing level of i
lake which makes it impossible to construct jetties fg
transhipment, which has to be done by the hazardous an
expensive method of canoes and barges discharging frop
or to the ship in open roadsteads. :

We may observe here the operation of a viclous circk
The expansion of export agriculture is blocked because th
facilities for transport are uncertzin and expensive, while th
facilities cannot be much improved unless there is more
freight. The only way of breaking the circle is to contrg
the lake level so that it will be possible w improve th
facilities.

Until some such break is made the development of th
northern part of the Territory is likely to be retarded angd
the economic outlet of the Karonga District will continued
to be northward by land rather than southward by lake.

So bafling has been the problem of lake transport that
the Bell Report of 1638 on the prospects of further develop.
ment of Nyasaland hardly mentions it and contains the
despairing but all wo true remark that “the vagaries of
Lake Nyasa and the Shire River since Livingstone dis-
covered the Lake are the most cccentric of the natural
phenomena with which man has contended in Nyasaland ",

It is of course impossible to assess the cost in meney to}
the Territory of this eccentric phenomenon, but it is obvious;
that it has delayed development considerably. It might be;
possible to assess its cost in catastrophes such as the destrug-.
tion of bridges, loss of shipping, change of routing for thej
railway, ete., though such a valuation might not by itsclff
be conclusive. As illustration of the nature of such costs?
we may cite the last example, The natural terminus for the
Nyasaland Ratlway would have been Fort Jehnston at the ]
southern end of the lake, one of the two good ports on the]
lake where transhipment from lake to rail would have been ;
more or fess direct. Owing to the uncertainty of lake level}
it was decided to alter the terminus from Fort Johnston to}f
Saiima, which is not at the lakeside, and this involved laying:#8
some 6o extra miles of permanent way over more difficult |
country than the route to Fort Johnston. The extra cost of
this change of route must have been of the arder of halfa-4
million pounds sterling.

Arguments of the “ what-mighthave-been™ type are
not whelly convincing, however, and it is better for the
supporters of any scheme for the stabilisation of lake level
to concentrate rather on the direct value which would accrue. §

A report on water resources is bardly the place to review]
the future development fully, but it is possible to outlinej
briefly the lines along which this must sconer or later take
place.

The agricultural surveys do not promise large develop-
ments in the near future, There are no Jarge and obvious
areas for fullscale schemes, but, on the other hand, there
are very many small areas of comparatively fertile land, with
the prospect of good water supplies from the rivers. These
would all receive attention were an expott cconomy made
possible by improvements in transport, Moreover a stable
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range, would immediately make it possible to plan schemes
for rice cultivation along the low-lying land on the western
shore .
The fishing industry, for export, is at present confined to
the district of Fort Johnston, where indeed it has been:
hampered by the rising lake admiwing the fish to arcas
where submerged tree trunks interfere with the seining.:
The market for both fresh and dried fish is extensive and:
would absorb the production from other parts of the lake:
were there adequate and regular transport available, whic
again depends largely on the provisien of harbours.

It may be said generally that any firm expansion zlon
these lines would inevitably draw other developments in its
train, such for instance as a considerable extension of the
tourist industry. '




nsidering the valuz of stabilisation of lake level by
it is oper to doubt whether its cost would he recover-
n terms of cash in the immediate future, but thac is
he only aspect in which the matter should be viewed.
uture of the Northern Province and its people depends
loscly on such stabilisation, and the cost of developing
y other and possibly more expensive means must be
nded in any assessment of the whole problem,

uments such as these were no doubt in the mind of
overnment when in 1944 it invited Dr. Kanthack to
srt upon the possibilities of effccting such stabilisation.
aluable report was concerned only with that aim, and
cost was estimated roughly at [200,000, a figure which
i+ be much-increased under post-war conditions.

‘on the other hand the stabilisation can be combined with
control as would reclaim flooded lands in the Lower
e wvalley, render possible some improvements to river
gation, and enable projects for hydro-electric power to
“on a regular supply, the whole picture assures a
erent aspect from the economic point of view.

Jith the object of considering methods of flocd control
‘reclamation o the Lower Shire a visit was made by
“A. E. Griffin, M.C., M.I.C.E., formerly Director of
ation in the Sudan, in the dry season of 1946, His
rt has been issued and I have had the honour of seeing
“proof, and of visiting the Upper Shire in Mr, Griffin's
pany.

he reports of these two highly qualified engincers are
pretiminary on account of the lack of hydrological data
the river, and each author has had to make wide
mptions in order to produce some kind of cstimate of

r, Griffin offers a choice of three schemes for the Lower
tire, which he has to call * hypothetical ’ in the absence of
wtial data, the cost ranging from three-quarters to one
three-quarter million pounds sterling. His rough
mate for the control measures on the Upper Shire, which
d in effeet stabilise the lake level as well, comes to less
that of Dr. Kanthack, but again is based on wide
umptions.

‘view of the issue of these two official reports, which
their respective frelds as thoroughly as the data and
gth of visits permitted, my own morc general review
orly refer to certain local details and aspects of the
ole problem which do not appear in them. These
wurks are intended to amplify the professional reports
do not run counter to them in any way.

The Upper Shire

"wo brief visits were made to the Upper River, the second
>in the company of Mr. Griffin.

compass traverse of the first 5o miles of the river was
de from 2 powered whaleboat and this survey brought
everal points of interest in the Upper River which are
nd to have some bearing on whatever measures of control
ecided upon.
his report Dr. Kanthack mentions four “bars ™ on the
per River; accordingly special attention was paid to each
them, leading to the following conclusions.

& Bar at the Outler of the Lake

s shown in the traverse opposite page 58, the outlet of the
e, or beginning of the Shire, is wide, and in plan looks
re like the mouth of the river than the beginning.

he bar across the outlet often referred to in previous
orts was a puzzling feature until this opportunity to
nine it cccurred. It appears to run from the north-
tetly point of the outlet across the ““ stream ™ in a general
h-casterly direction. It varies in depth of water from
e to time, but to some extent keeps in step with the
tiations of lake level, that is to say it rises with a high
ke and falls with a low lake.
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It would appear that this “ bar ™ is really an underwater
sand spit. The prevalent wind here is from the south-east,
and being an off-shore wind at the southern end of the Jake
it cannot have any effect on the shore. The dominant winds
are, however, the less common north-westers, which, having
a long fetch, produce heavy waves. These sweep the sand
gradually along the shore from Monkey Bay south-east
wards and produce the spit across the outlet in a manner
similar to those found on low coasts, ¢.g. East Anglia, With
a falling lake the spit is eroded at the top by the fairly deep
action (8 to 12 feet) of the sanie heavy waves. Even with a
stabilised lake, therefore, this bar should net sericusly
affect navigation, or, at least, it should require very litde
dredging or groyning.

A more continuous set of soundings than we were able
ta make sheuid confirm, or refute, this explanation.

The Bar ar the Entrance to Lake Malombe

The shallow water at the entrance to this Lake is largely
due to the slackening of the river current as it reaches the
lake. Its importance lies in the fact that with a low lake
and a weak current in the river it would be a likely position
for the growth of sudd in the quiet shallow water, as
apparently happened in the past.

On the other hand the river, where it begins to shallow,
is 400 yards wide, and growth from the sides would tend
to canalise the river and keep a passage clear, provided the
minimum flow of the river was maintained at between
4,000 and 8,000 cusccs.

No HRoating islands of sudd were scen cither here or any-
where ¢lse in the Upper River, and it looks as though the
excessive number of these in the years after the break-
through of the Lake water (1933 onwards} was due to the
uprooting of masses by the rising water in Lake Malombe.

Judging from the very definite current in the river from
Lake Nyasa to Lake Malombe in 1946 it seems probable that
there is a difference of level of up to two feet between the
lakes.

There are no beaches en Lake Malombe and therefore
there is no bar at the outlet, though its size is such thar
considerable waves from the north-west are raised which
expend their energy amongst the reeds on the south shore.

At the time of my visit the soundings for Lake Malombe
were Fairly uniform at from 10 to 15 feet, on our route from
north to south, and along the southern shore.

The Nkazi Bar

As shown in the traverse the Nkazi appears to have several
mouths into the Shire in the usual fashion of a delta. This
is the locality in which the Upper River was completely
sealed off by silt and vegetation during the last low-lake
cycle, Tt was the most effective of all the bars and is likely
to be the chief hindrance in the future.

The plan of the river and the soundings along this stretch
are most instructive, The river, from 1933, began o cut a
narrow and therefore swift channel immediately opposite
the varfous tributary mouths, where accordingly the sound-
ings show very deep water, up to 30 feet, Immediately
downstream from each narrow cut the debris has been
strewn over the bottorn and has produced shallows, which
at the present day form a temporary bar, and this is being
slowly distributed downstream.

The survey was made about three months after the
worrential downpour of February 1646 during which the
Nkazi and other local rivers brought down an unusual
quota of silt, of which there were ample signs in the freshly
cut banks of the main river and the tree snags in the shallows.
Had the main river been flowing stuggishly as it did in 1907,
there is little doubt that a barrier of silt would have again

‘hindered the flow and have begun a fresh cyele of rise in

lake level. There is evidence in the banks occasionally, in
the ferm of layers of gravel, that this occasional heavy
depositdon has been going on for a very long time past from




either side of the main valley, and has been at least a
conwributory cause of the reclamation of the area from what
was once part of Lake Nyasa itself.

The * rapids " marked in the map at Namputu were
formed temporarily by a group of dead trees half buried in the
bed of the river. The shallow water continues for a mile or so
below this point after which it resumes its standard depth,
from 12 to 18 feet.

The fact that the Nkazi will inevitably experience further
‘ cloudbursts ™' over its watershed and will produce further
heavy silting evokes the question as to whether such an
occurrence would block the river when it is under control
by a barrage near Fort Johnston.

The question cannot be answered with certainty but any
fresh silting should be capable of clearance, cither by actual
work on the blockage or by letdng through more water
from the Lake over a short period. It might be necessary
to construct swinging weirs or groynes above the narrow
stretches which could be brought into position for short
periods and produce a local acceleration in the current.

Such clearance would be casier to effect from a barrage
above the Nkazi than from one below it

<

The Liwonde Bar

This barrier, the fourth of Dr. Kanthack’s series, is the
first one with a rocky bottom and is the only true and
permanent silt to the Lake-River complex, The brick
pitlars of the former road-bridge are still standing and form
a temporary obstruction so that the water above it is slack
and below it is turbulent. This will probably have cleared
the bed of silt, but we were unable to take soundings to
determine whether the bottem is indeed rock and a suitable
foundation for barrage construction. There is a fairly sound
Gneissic granite cutcrop nearby, just above the hot springs,
furnishing material considered by Dr. Kanthack as suitable
for construction work.

Exeept as a possible site for a barrage the Liwonde Bar is
of no great interest since the gradient here is too great to
allow sediment and sudd to build a blockage.

A survey downstream from this point would show
whether, in event of a harrage heing built near Fort Johnston,
it would not be advisable to blast the rock bottom at Liwonde
to increasc the gradient from Malombe down towards
Matope, as recommended in Mr. Griffin’s report.

The question of suitable sites for a barrage on the Upper
Shire was naturally in our minds, and they are referred two
in Mr. Grifin’s report, where he also emphasises the
advantage of being able to build a barrage or weir “in the
dry ™', that is to say without first diverting the river.

The meost promising site for such a method of construce
tion is shown on the map at Ntwundu, a smail double
village 2 mile or so south of Fort Johnston. The pronounced
bend at this point lends itself particularly well to the purpose
since it provides dry land for the construction work and a
shdrtened course for the river, which on the lower side of
the construction work at all events would itself do a good
deal of the excavation.

Ir his report Mr. Griffin refers briefly to a choice of several
types of regulating weirs or barrages and gives more detail
about one of them, the Standing Wave Weir. For the
benefit of those less acquainted with structures for regulating
flow it may be useful to describe them more fully in a nen-
technical report such as this.

Tt must be realised that the conditions are not those of a
normal river since the barrage will really be the outlet of
the lake. There will therefore be no appreciable silt in the
water nor will there be any other velocity than that caused
by the “draw-in” of the flow through the regulating
mechanism when open. On the other hand the velocity of
Aow below the barrage will depend amongst ather things
on the “head” or change of level above and below the
works, and this again will depend on the amount of water
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allowed through the barrage which will vary with o
requirements of lake level and food control lower doy]
the river. :

The type of barrage rccommended by Dr. Kanthag
though for a different site, is the standard one of a masom}:'
low-level dam surmounted by 2 superstructure  carryi
sluice gates which would be operated by hand, The grey
advantage of a rock foundation such as exists at the Liwong
site is that there is no danger of scouring the bed below 4,
structure, a risk which in alluvial ground such as that neg
Fort Johnston must be guarded against by building long
concrete or stone “ aprons "’ above and below the regulato

In the standing wave weir the actual regulation of
discharge is done by some form of sluice suspended frop
a superstructure, inclading plain baulks of timber known ,
“needles 7. .

There are two other ruling conditions for the regulaty
required which govern to some extent the type chosen, O
is that the discharge need never be zero though the floy
may have to be shut off © reduce it to as low as 2,000 cubi
feet a second. This means that the sluice gates need not b
watertight; they can be leaky, as indecd are “ needles ™ of
timber. Secondly there can never be a greater head of watef
at the weir than from 6 to 10 feet according to the heigh
chosen at which to stabilize lake level, involving com.
paratively small uplift pressurcs for the foundation, sing
Lake Malombe will act as a sort of regulator itself for the
height of water below the weir. ’

These are both conditions tending towards cheaper and
simpler forms of construction, more suited to picnes
countries.

Accordingly when the requisite surveys have been mad:
the engineers may be able to use designs, such as are in ug
in Australia and India for example, where effective though
not highly finished structures have been made from rough
timber and used railway material, including rails. T
main item of cost remains in the foundations, corc-walls an
bank protection. :

The chief embarrassment to the designers for a site her
is the extremely smal} gradient between Fort Johnston and:
Lake Malombe and the only slightly greater gradient in the
section beyond, down to the rock bar at Liwonde. It is on;
a reasonable gradient that the design depends for a natural]
clearance of obstacles in the channel below the barrage. T
increase this gradient artificially the engineer has the choie
of lowering the rock sill by blasting, or selecting a highe
level for stabilization, or possibly a compromise betwe
the two.

The nature of the problem is perhaps best illustrated b
considering what would be the cffect of laying an artificia
rock barrier of stonc or concrete, say three fect ahove
present bed of the river at Fore Johnston. This would th
become the real lip of the outles to the Take and would b
non-eradable, The lake water wouid then set to work &
cstablish an equilibrium according to this lip. Being at higl
level stage now, the inke would steadily fall until it reache
that state of equilibrium, but, of course, at low stage ther
would be the risk of obstructions forming as before and 4
first sight the same cycle would be resumed,

If, however, the artificial barrier were constructed to such
a hcight that the discharge never fell as low as it did i
915, when the downstream gradient almost disappearet
there would be considerably less chance of the obstructio
gaining mastery over the regular channel maintenance whi
would have to be established.

For instance, the present gauge height of the lake
about 23 feer for the minimum of the year, and its heig
in 1931, when the lake water was just beginning to overt
the stubborn obstructions of 15 years growth, was 15 f
that is eight feet lower. The sounding just above the Nrund?
Bend was 12 feet in 1946, Now if a barrier of sheer pilt
were driven in across the river at this point so that onl




feet of water were passing over it, this would hold the
at the 1931 minimum in due course, and thereby
ain a gradient which in the past enabled the river to
n some degree with the silt and sudd in the critical
#5 downstream.

ct if nothing more than stabilization of the lake level
- the object, something of this kind would no doubt
it, using some more permanent barrier than sheet
g and providing an apron of boulders above and below
i some protection for the banks,

jere is even something o be said, but not a great deal,
nning a full scale experiment in the river along such
An experiment must be cheap, it must do no damage
it must give an answer to the questions. How far such
| would come within these condidons is for the
ineers and local technical staff to say.

.refer once more to the Ntundu site, it is obvious that
ere used to build the barrage in the dry, the old bed
¢ furnish the short canal leading to the lock which
d be necessary for the river traffic,

oncluding these remarks on the Upper Shire it may
wise to refer to the fact that the whale area is part of
reat Rift Valley and is subject to the stresses which
still evident in many parts of the rift system.

e earth tremors which oceur in this arca, and the
rrences of hot springs, do of course mean that slight
al movements are still in progress, but I do not think
ignificant movements have occurred in historic times
ed be regarded as imminent in the future. It is
sary to state that opinion firmly because it appears that
people are opposed to any control measures in case
be nullified by a resumption of the rift valley move-
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he compass traverses of the upper and lower river,
shed on a reduced scale in this report, must be regarded
connaissance maps only. The total of about go miles
ver was done in five working days and from a stecl
alchoat or a river launch.

he detail of bends, widths and soundings is probably
1y correct, but as a whole the traverses will nced con-
able adjustment when the areas are finally triangulated.

Lower Shire Flood Plain

he general aim of development in the Lower Shire
d plain is to increase production of crops and absorb
ther population. There are two ways of cffecting this,
ided that the engineering work can be done.
ne is to free the present flooded land from water
iently to permit the seasonal cultvation of cotton, as
practised in the carly years of this century when the
¢ was low and there was only a small dry season dis-
¢ in the Shire. The other way is to provide water for
al irrigation, that is to say irrigation to supplement
ainfall during part of the year,
carry out cither project the main requirement is that
flood plain should be higher andjor that the river should
g lower. Of the two alternatives it is probably easier 1
fiect a gradual risc in the level of the flood plain.
he immcdlatc trouble is that the Shire itself, and the
utaries as well, all have beds which are too small for the
ischarges they have to deal with in time of flood. This
gy seein pecuhar but it is common to most rivers flowing
1 their own flood plain for the following reasons. Not
nly is the plain duc to the silt brought down and deposited,
ging the excess of what the water could carry off, but each
Hlood goes through the same cycle of first digging cut a
eeper or wider channel and then, as the velocity decreases,
ropping an almost equivalent amount of silt and filling up
e bed again dll it s too small to take the next food.
onsequently any flood may ovesflow the banks, break
rough and create a new channel. In course of time the
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river wanders across the flood plain lowering parts of it and
leaving terraces of high ground in other parts. The high
sandy bank on which the Chikwawa Boma and Hospital
stand is just such an ancient terrace.

The first thing .is w confine the main river, and the
wributaries as well, to a permanent channel. This is usuaily
done by excavating soil to creste parallel “bunds” or
embankments sufficient to accommodate the maximum
flood. Apart from being a very costly undertaking this
procedure leaves the swamp lands below flood level since
there is no periodic addition of soil to them. In fact, since
they naturally have a high percentage of peat or humus, they
tend to shrink and become lower rather than higher, which
means bad drainage or expensive pumping to fir the land
for crops.

If jt were possible it would therefore be 2z sounder
principle to raise the flood plain by letting silt on o it while
keeping the river within bounds and preventing it from
wandering across she plain in its normal way.

There are means of doing these things by natural processes,
and although they take a long time they are fairly sure and
are certainly far less expensive than building an embank-
ment.

Let us first see at what rate silt is being brought down 0
the lower river from the Shire Highlands., We will take
the area of catchment of the escarpment rivers as one million
acres and the mean annual rainfall as four feet. The run-off
on these steep slopes is likely to be high, but we will adopt
10 per cent for the caleuiation, In the same way we can be
conservative and take the average silt content of the water
at 1/1,000 by volume, though in the major floods it is likely
to be nearer 1frc0. Now the worst swamps on the east side
of the Shire below the escarpment total about 20,000 acres,
and a short sum shows that if the silt brought down by
these tributaries could be placed where most needed it would
raise the depressed area by about one-quarter of an inch a
year. Although this desirable end cannot be achieved, it is
a useful figure to keep in mind, especially as it is a con-
servative one and neglects any contribution which might
be captured from the Shire itself.

We therefore require some system of reclamation and
river restriction which shall aim at extracting a proportion
of the silt from the water and building up the plain with it

There is such a system, discovered almost by chance by
the officers of the Forestry Service in Burma, whose purpose
was at first merely to improve the rivers for the floating of
teak logs down to Rangoon. Just as in Nyasaland, there
were short rapid rivers bringing large amounts of silt from
highland areas on w an old flood plain. Indeed it is the
similarity of topography which has directed my attention to
the possible application of the same system to the Lower
Shire.

The object of the system is to maintain a wide enough bed
for the stream to keep a more or less permanent course and
at the same time induce the flood water to part with a
proportion of its silt on to the land, the coarser material to
build a natural embankment or levee and the finer material
to pass on to the floed plain beyond. :

As practised in Burma from about 1915, a section of the
river is selected where it overflows its banks every year.
Here a strip from 100 10 200 feet wide on both sides is
stripped of all vegetation so that the flood water is not
checked in its flow and consequently dees net deposit much
silt. Towards the edge of this cleared strip a low fence of
bamboo stakes about nine inches apart is built and the tops
are fastened together by lashing other poles. The top of
the fence is trimmed off so that it follows the general
gradicnt of the river, Where the fence crosses lower parts
of the land, such as old side channels, etc., the fence is
naturally higher and in such places bamboo struts are lashed
to take the higher pressures due to the deeper water.

When the siltladen flood comes down it guickly over-




flows its undersized bed on to the cleared strips, cutting its
channel wider as it passes. Brash, lcaves and other rubbish
are caught by the low fence as the water reaches it and the
How is checked. The check causes the water o drop its
coarser silt, the heavier material on the stream side of the
fence and the lighter material after the water has secped
through the clogged fence.

The result is the beginning of a bread low embankment.
The Jower parts, where the graded fence is higher than
clsewhere, are raised at a greater rate than the higher parts
because the water there being deeper has more silt to drop.
Consequently the embankment grows to a regular gradient
sitnilar to that of the river, and at first quite rapidly, burying
the fence in a few ycars, As the food subsides the velocity
of the water decreases and silt is dropped in the main bed
of the stream in the usual way, but it now has a wider
channel,

The maintenance involved is the clearing each year of any
fresh vegetation which has grown on the lateral strips and
the removal from the bed of the stzeam of any major obstrue-
tions such as trees, If that is not done the first foed may
be checked so much thar a break through of the new
embankrnient may rake place.

Fach year the flood will raise and broaden the embank-
ment still further, and the fooded plain beyond will receive
a thin layer of finer silt, which will tend to A1 up the lower
portions at the most rapid rate,

The system iz appled to the river in sections, that is to
say it is begun where the river first overflows its banks on
reaching the plain, and when that section, of say a mile or
s0, has built its embankment, the fences are continued
forther down the river and the process induced te begin
there.

In Burma the results have been almost universaily good,
and in places spectacular, so it is worth discussing how the
system might be applied to the Lower Shire, raking as an
example the particular case of the Mwampanzi.

This stream: debouches from the hills where the Chik wawa--
Chiromo road crosses it by a drift, Here and for some distance
further down it has a definite bed, bur at a certain point there
is evidence of where it overflows iss banks in excessive floods.
This is the point where the check fence should begin, The
banks on both sides to a suitable distance—z00 feet is suggested
for the Mwampanzi—would be thoroughly cleared of all
growth, mainly by firc where it is grass. At the edge of that
clearing the grass would be left standing ard could itself
induce deposition. The fence would be constructed about
twenty fect from this grass border. Stakes about four feet
long would be driven in, about nine inches apart, to a depth
of about two feet, and strengthened by lashing horizontal
poles. The fence will thus be about two feet above the ground,
and some care would be taken to see that its top, as marked
by the horizontal poles, followed the general gradient of the
river, ‘Thus, where it crosses small depressions, the stakes
wonld be more than two fect above ground level, and here
they should be more substantial than elsewhere and be
strutted to resist the extra force of the water in such a low
“place.

In Burma hamboo stakes are universally used, and it will
be a matter for cxperiment to find a Nyasaland substitute for
bambeoo. Tt should certainly be ascertained whether treatment
of the elephant grass would not be sufficient—something in
the nature of binding a few stalks together for cach “stake ”
and lashing to them more stalks laid horizonzally. Such a
fence might have to be reconstituted each year, whereas the
stake fence, if preserved from fire, will last several years.

Naturally the rate of growth of the embankment, which
will ultimately engulf the fence, will depend on the amount
of silt brought down by the floeds, bur the efect on broaden-
ing and straightening the channel will be seen very soon, since
the sweep of the current over the unobstructed ground will
quickly induce erosion.

st

At the stake fence, for equal stillness the deeper the wagep
the more silt it drops. The embankment, therefore, is g
broad and regular that its growth will hardly be noticeable,
even though for the first few floods it may well rise at the
rate of six inches or more per year, as was the case in Burmg,

The Mwampanzi flows over only a mile or 3o of lowlang
before joining the main river, and as it has a fairly larg,
watershed and is notoriously siltdaden, it s a suitable stream]
for experiment, ]

An important feature of the system is that once the broag]
embankment has been formed it is comparatively casy g
change the course of the river if desired. During the diy
scason 7 lead channel is dug through the embankment ang]
obstructions of any kind are put into the former bed of the;
river below the breach. Stake fences are crected beyond the
breach along the course the river is to take, and the process is;
begun again, Attention is directed to this possibility becauge]
there is some reason to believe that there is a belt of lower
land between the present river and the escarpment, probab
a former course of the Shire itself, If a survey shows tha
this is the case, there is some chance of gradually turaing al
the escarpment rivers fnto this fow helt. This would nor only
religve the main river of the silt from the escarpment, by
would raise the flood plain just where it is most needed
Leaving that as a rather visionary possibility for the future
we may consider what might be done with the Shire itself

In the years of 2 “low lake” the main river used o3
dwindle to a mere trickle in the dry season and rise up tof
fifteen feet during the floods, conditions which are very;
favourable for applyirg the system of natural banking, Now§
that the lake is high there is a fairly strong flow throughout}
the year and the flood rise is not much more than five feet

A rapid traverse survey of the river in June 1946 showed
that such a rise must regularly overtop the low banks some-
where between Nkate and Makwira, It is here that experi-
ments with the main river would be begun,

The strip cleared should be some 300 feet or more on cach
side for so large a river, and the stake fence might require w
be rather more substantial than for the smaller tributaries,
It is worth neting that, if it is properly carried out, such an
experiment cannot do any damage, for the flood will tend to
be relieved rather than increased for the mile or so of they
experiment. The worst that is likely to happen is that the
river will take advantage of the clearer path to erode a wider
channel between the fences, and the land is fnally lost, as
indeed would be the casc in any system of river training
The material removed might clog the river further down and
induce a temporary higher rise there, which could hardly be
serious if the first experimental section were a short one.

It is natural to ask how such a systen: can, if required, be
turned into a more ambitous scheme of training by artificial
banks such as has been sketched by Mr, Griffin in his recent;
report.

The embankment raised by the river itself naturally cannot
be any higher than the floods themselves, being built by them,:
but provided they have been planned at a sufficient distanc
from the river they will have done a great deal of the pr
liminary work. The channel of the river will have been;
broadened and the very broad embankments will furnish a
safe foundation for the higher, artificial bank to be built upo
them. The seepage through such broad natural levees wil
at least be less than through an artificial one, and, moreover
there can never be a wholesale break-through as in the cas
of high artificial banks.

There is, therefore, much to be said in favour of preliminary
experiments with a view to a possible expansion of the system
according to a plan so as to reclaim more land for flood
cultivation, with the knowledge that it is all preparing th
ground for larger schemes still. '

In the absence of any contour levelling over the flood plaii
itself at present, the above recommendation can hardly bt
mare than a suggestion, but experiment on 2 small scale need
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be delayed. A short section of one of the tributaries, such
he Mwampanzi, could be ¢leared and stake-fenced for
small cost and the results carefully cbserved.

n account of the system described above will be found
a book by the former Chief Conscrvator of Forests in
Burma, Mr. F. A, Leete. The title is Regudation of Rivers
out Embankments, and it was published by Crosby
wood and Son, London, in 1g24.

The Settlement of Dry Areas -

The term “dry” is not truly applicable to Nyasaland,
se rainfall as we have seen is usually above 30 inches for

ear, but it is intended to refer to those arcas which have

urface water available for the greater part of the dry

son and are therefore unsuitable for villages.

0 the past the Geological Department, in charge of well
ing and boring, has done a great deal to supply domestic

ter by these means, Iis progrémme will be cxpanécd a

ter can be reached by a bore that is the best source,

n the other hand, it inay be that other methods of obtain-
ing domestic water would repay tinl. The waterless areas
erred to are often due to the fact that the soil is s0 deep
porous that the water table (surface of free water) falls
idly after the wet season beyond the reach of the native-
de well and the area is abandoned, although it would
w seasonal crops. At the same time, a properly lined well
such material is expensive.

t would seem that these are the appropriate conditions for
“Jer-drilled wells referred to clsewhere. They are very
idly sunk and the piping is much less cosdy than that
uired for toul drilling. Thc equipment for jet drilling is

we from place to place. It is strongly recommended that
i equipment should be obtained by the Geological
artment.
he wells thus provided must, of course, be furnished
fith a pump, but because of the notoricus precocity of the
ican woman in breaking such pumps a variation in the
ling methed is recommended where the topography
mits, namely to drili horizontally into the side of a slope
(istead of vertically, For jet drilling this mcans that the
- piping must be pushed inte the hole created by the jet instead
nerely following it by means of its own weight as in vertical
ing. With the lubrication provided by the issuing jet
“bfiwater this pushing is not, under ordinary circumstances, a
cult matter and can be done by levers 'appl:cd to the pump
1'of the piping.
he result is really a piped spring, and it would be fitted
th a tap of a kind that cannot be left open. It is a practice
tich should certainly be followed wherever there is any
cation, from dampness to an actual small spring, that
ere is 2 layer of less pervicus soif holding up the water
ightly on a slope.
he hilly nature and the deep soil of much of Nyasaland
e the occurrence of what might be called “ trickle
rings fairly common. They usually occur on a slope of deep
las a slow trickle tendmg to become merely a damp patch
er in the dry season. It is uscless merely to open up the
ring which is only the surface appearance of the general
pege of water through the surrounding soil. If this can
collected by any means the yield wil be much inercased,
d this can be done by what the writer calls the wingwall
ing or merely the winged-spring. The spring or seepage
int is usually caused by a slightly more fmpervious layer of
1 at that level combined with the slope of the ground. The
t point of the water is first opened up and a short pipe laid
orizontally to deliver the water into tns or “ debbies ™

From this pipe a wench is dug on either side back into the
slope forming with the pipe a very broad Y. These wing
trenches should go down to the layer which has held up the
water and caused the spring, and their length depends upon
the slope of the ground as well as the amouns of seepage to
be collected. The trenches are then flled in with ant-hill
clay marerial, wetted just enough to be plastic and trodden in
by the boys’ feet. These impervious wings inclining towards
the pipe then divert the general scepage to the centre and
vastly increase the supply. In some cases such wing springs
have ensured a flow throughout the dry season where before
there was merely a wide damp patch. The clay wings, being
buried, are quite permanent and they require ne special skill
in construction,

Any trickle spring will benefit from such treatment, but
one would select one if possible which obviously had a
large gathering ground and which was known 't last, as a
trickle, for the greater part of the dry season.

In several places in Central Africa the writer saw villages
which were supplied for part of the dry season by such spriags
but where for the rest of the season the women had to walk
several miles for thejr water, Little more than a day's work
by the village on laying clay wings would, in the cases
mentioned, have ensured the small supply reqaired for the
whole dry season, since there was ample seepage, but much
dispersed. These villages were all situated near the head-
waters of a stream,

Where there are rocky hills above the area another practice
may be followed, which has solved the problem of domestic
water in one or two localities in Uganda. Normally the
rainfall, quite adequate in amount but scasonal in occurrence,
runs off the rocky hill and sinks into the deep soil of the
vailey so that it cannot be reached except by deep wells.

Shallow channets are dug on the hillside leading the run-off
so caught to a pit cxcavated in the rock which forms a rock
reservoir, At first sight this seems to be an expensive way of
conserving water, since it requires rock drilling and blasting.
On the other hand, it is very permanent and, except for
closing an occasional fissure in the rock, it requires little or
no cement work. Morcaver, rack treatment is not a strange
technique to a large number of Nyasalanders who have
worked in the Transvaal mines. For arcas where the dry
season is long and absolutely rainless the rock reservoir is not
well suited, since it requires the excavation of about one cubic
foot per person per day for the duration of the drought, For
areas such ag the Deadza highlands, where there are cecasional
locat rains during the dry season, it would be useful.

Dams and Weirs

There scems to be a very good case for more surface con-
servation in Nyasaland, The comparatively dense population
and the smooth functioning of native autheority give point to
the remarks in the general section of this report on the village
dam scheme, its association with the village forest area and
other benefits such as a piped supply.

It is true that some District Commissioners doubted
whether the villagers would appreciate these benefits
sufficiently to undertake the work themsclves.

Nevertheless, it would appear, from analogy clscwhere in
Africa, that if only one enlightened headman could be
persuaded to put in such a scheme for his village the example
would be heeded and followed by his envious neighbours.
Especial care must be taken over advising as to the siting
and design of such a “ demonstration ” example, since a
failure will be heeded sull more widely.

An area where experiment might be made with particular

- value is that centred round Balaka on the railway from

£n

Blantyre to Salima. Here there are reasonably fertile alluvial

soils, but these are not fully used because there is oo little
water available during the dry season for domestic purposes,
and villages cannot he established without a sure supply.




From three rapid traverses threugh this area it appeared that
the most promising lines of attack on the problem would be

(@) Jet-drilied wells in the deep soils, particularly acar the
sharp slopes.

{5) Surface dams where there are narrower valieys, avoid-
ing black cotton soil bottoms, which are difficuit to deal
with, since they are porous.

The arguments in favour of surface conservation are still
stronger in the Lilongwe—TFort Manning arca, where it is
much needed for stock as well as for domestic use. The
stronger relief produces more suitable sites, and a large
number of streams run strongly in the rainy seagon, while
ant-bed clay is usually available not far from any site. As is
always the case in a wetscason country, the design of the
spiliway is the most important part of any dam, and the part
most likely to be neglected by the African himseif. Not only
should the capacity of the spillway be made sufficient to carry
the targest flood to be expected, but it is a sound practice to
excavate it at least a foor lower than its final level as designed,
For the frst few years the capacity of the dam is lowered by
this amount, but in that time the embankment is scttling
and consolidating itself. At the end of that time the spillway
level is raised by filling with soil, with a small ant-bed core
wall across it and topping it with stone work, using large
enough boulders o resist crosion by the fow aver them when
the spillway is running.

This section would nat be complete without some mention
of the black cotton soils and their treatment in wagr con-
servation.

This type of seil, having a high percentage of colleidal
material, is notoriously difficult material with which to make
watertight dams. Yet so many of the otherwise promising
sites for waler storage consist of these soils that it is time
measures were taken fo discover the reasons for its porosity
and some means of remedying it.

It is clear that its capacity for absorbing water and thereby
swelling in volume is, in some way, the mechanical cause of
its unsatisfactory performance as an embankment. Its rapid
rate of absorption of water as compared to the slow rate in
the case of true clays is in itself evidence of its porosity.
Whether this is due to the established praperty of colloids to
pass water through their substance or whether it has to do
with the arrangement of the soil particies or the cracks formed
in dry weather is perhaps a problem for the physical chemisz.
Yet something can be done in the way of experiment by the
person on the spot, even without laboratory facilities, to
scarch for a remedy against the secpage which evidently
occurs in this type of soil, This is the more necessary since
some black cotton soils will hold water and others will not,
so there are local variations, which must be tested locally.

It is therefore suggested that before sinking capital into a
dam o such soil a simple experiment should be made with

‘:‘L -

it by means of four-gallon petrol tins (* debbics ™) somewh
on the following lines.
Three tins, each with a similar nail-hole ia the bottom, are
taken and are half-filled with:
(i) The sample soil rammed dry,
{ii) ‘The sample soil puddled, that is, kneaded with th
least quantity of water necessary to permit kneading

(iii) A true clay, e.g., materizl from a white-ant hill.

The tins are then filled to the brim with water and the com
parative rate of loss noted. The experiment should be repeate
after all the tins have dried out, simulating the effect of a dr
scason. The results of such a trial can hardly be conclusive,
but shouid certainly suggest whether there is likely to b
complete failure in a dam,

Nearly all soils have a proportion of true clay in them an
if this can be separated so as to form 2 layer on the top of th
soil it should be more watertight. This is the reason for th
practice in many countries of driving stock round 2 newly
made reservoir when it has some water in it. It certaind
consolidates the bottom material, but a more important actio
is that it muddies the water with the fine clayey fraction o
the sotl which later sinks slowly and forms a watertighz ski
to the soil itseif. In all dams in alluvial material this sealin
by fine material brought in during the rainy seasen gradual
improves the holding capacity and the object is to hasten this:
action artificially by any means available.

In obstinate cases where the black cotton soil is so porou
as to hold water only for a few hours, as seen near Salima
heroic measures may be required, These might include th
following:

{i) Organised treading by natives or stock so as to muddy
the water immediately it has gathered.

{ii) Spreading ar inch or so of ant bed material over th
bottom,

(i) Laying a wash of impervious material over the dry
bottom of the dam, selecting what may be available
from::

{a} used eagine oil;

(&) an emulsion of engine oil and clay or whitewash

{c) cement grouting, i.e., cement suspended in water

(d) waterglass (sodjum silicate) in dilete solution
sprayed on, followed a day later by a solution of
calcium chloride. One pound to one gajlon of
water in each case;

(¢) one of the ol preparations, such as “ Calos ", which
are used for waterproofing roads.

None of these temporary sealings would be durable in them-
selves, but they should enable the dam to fill for a sufficiently
long period to start the natural sealing with its own clay.
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v visIT was, unformunately, confined to a taverse by bus

car from south to north, twgether with a train journey

om Dodoma to Dar es Salaam and back again, I was thus

jle to have a brief glimpse of the following areas cnly:

{z) The Southern Highlands region with its good rainfall,

{#) The coastal region with its adequate rainfall.

{¢) The central basin with its deficiency of rain.

() The minor arcas of Oldeani, Arusha and Moshi with
their good lecal rainfall.

The route thercfore passed mainly through the pastoral

stricts; of the agricultural industries I was able to sec only

e sisal areas of the Eastern Province and the local coffee and

wpaw cultivations of Arusha and Moshi.

1 had the benefit of many conversations with, and the
sompany of, the newly-appointed Director of the Water
Development Board, whose energy and wide knowledge of
die country will be of the greatest value to the Territory as
ff and equipment become available to him., The great
advantage of having a more or less independent department
ealing with water resources is very evident, and I have but
few comments to make on the schemes of further develop-
ment outlined to me,

Not the least important function: of such a department must
be to afford advice and occasional supervision to the admini-
ative officers scattered over the Territory. These officers
are generally well aware of what is required for their districts
n the way of water development and for the many smali-
scale schemes which are overdue they merely require technical
vice and encouragement. Such a peripatetic supervision of
york and choice of schemes is already a part of the pro-
ramme of the Director, and it is only mentioned here in
order to underline its importance.

"The psychological value of the co-operation of native
thorities is naturally well understood by the District Com-
ssioners, who in factare the people best placed to introduce
that mixture of persuasion and direction which is so badly
eded by the African at the present stage when he cannot
inderstand all the benefits whick can come from water
evelopment,
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¢ gallon of The Dry Pastoral Belt

The belt of pastoral country running from Iringa to the
enya Border, including the Masai country, suffers at present
fom two major difficulties apart from a small and variable
ainfall, namely the inroads of the Tsetse fly, and a decided
ver-grazing of the fly-free country as a consequence,

The possibility of providing watering points for stock is
herefore limited o a proportion only of the area which other-
ise would support a much larger industry.

Speaking in general terms only, a rainfall of 20 to 25 inches,
ven though it is awkwardly spaced, should be ample for
I stock purposes when suitable measures of conservation
ave been taken. These measures are, of course, inseparable
om an active campaign against the soil erosion which has
ached a disastrous stage in some places, notably near
ondoa. Such a campaign, involving storm water furrows,
ontour bunds and blockages in minor streams, will arrest
me of the rapid run-off which is such a feature of the area.
Of other measures, most of which are already under con-
sideration by the new Water Development Department, 1
was able to discuss with the Director the possibility of paying
Special attention to

{#) Sand river treatment for stock watering points,

{#) Small-scale dams and weirs on headwater streams.

The reason for emphasising this latter form of attack on the
problem of water shortage is threefold.

In the first place, it tends to improve the water situation
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fundamentally by raising the water table and extending the
period of flow of the streams concerned.

Secondly, the required small construction-works are
relatively cheap.

Lastly, it permits a form of co-operation with the African
himself which is both cconomically and psychologically
sound in that the beneficial results are immediate locally,
and the works, largely constructed by the local people, become
a respensibility for them in a way which large and skilted
schemes rarely do.

Such minor works would, of course, be supported by the
boring-and-well-programmes already planned and awaiting
staff and equipment for active prosecution.

With so litde experience of the country I should not like
to pronounce upon the projects, cither in being or already
planned, of constructing larger reservoirs with or without
extensive piping downstream [or water points. In certain
localities, especially on those rivers which lose themselves in
wide sandy basins, this must be the best remedy. On the
other hand, they are expensive works, they are rather beyond
the co-operation of the inhabitants, and, without strict control,
they are liable to concentrate the stock population and induce
soil erosion from excessive grazing and traffic.

An exception must be made for the case of those arcas
which are heavily infested with fly and whose rainfall is
reasonable such as in the region between the Rift wall, by
Lake Manyara, and Arusha. At present much of the surface
water never reaches the dryer fiy-free areas, and it should be
possible to have large conservation dams in the hillier districts,
the water from which could be piped long distances into what
is mainly Masai country o provide water points,

For instance, the large massif of land sbove 5,000 feet
which lies 6o miles to the south-east of Lake Manyara in fly
country would repay a survey with this in view.

In the dry country to the south of Dodoma, on the other
hand, I would favour the small-scale checks and an intensive
use of the sand rivers rather than large reservoirs with their
inevitable concentration of people and stock.

In the central Mbulus district the problem is a similar one
as regards encroachment of the fly, but it has a2 much better
rainfall than the lower pastoral country. Here in particular
the multiple small-scale reservoirs or weirs should be effective,
combined with contro] of pasturage and rotational grazing,
Much of the work here could be carried out by the adminis-
trator in conjunction with the Native Authorities, if advice
and a small amount of supervision could be got from the
Water Development staff.

Irrigation Areas

It was impossible to give more than a glance at the present
irrigation schemes in the Arusha—Moshi area, where a some-
what wasteful use of the available water is already being
tackled by the Water Development authoritics.

If and when large-scale irrigation is to be seriously con-
sidered in the Territory, I believe that a careful survey of the
Great Ruaha and Njombe valleys will disclose arcas eminently
suitable for big schemes. Not only is the topography rather
inviting, with its extensive plains, but a natural development
of road and rail communications will in future lie along the
general line of the upper Ruaha rather than on the high
country at present followed by the road from Mbeya te Iringa
and Dodoma. This is a comparatively uninhabited area at
present and would be a natural outlet for the population
surptus of the Southern Highlands near Mbeya and Tukuya,
where indeed the people have a tadition for intensive
agriculture already,

The same should be true of the lower Ruaha and Rufiji




valleys judging from the topography, as indeed of much of
the coastal fringe where irrigated rice cultivation would seem
to be a natural development.

The announcement, since my visit, of the plans for large-
scale production of groundnuts has doubtless given 2 fillip to
the development of the water resources in the areas con-
cerned. Not the least of the benefits which will accrue from
this scheme will be the importation of bulldozers and other
mechanical aids to agriculture which can be diverted
occasionally to water conservation projects to assist in food
production by irrigation,

In this connection, one of the main difficulties in damming
the medium-sized rivers may be mentioned here, though it
applics also to many other parts of Africa. The perennisl river
which has a dry season flow of the order of a few cusecs is
apt to discharge an extraordinary volume in flood time, up to
several thousands of cusecs, which on the main river would
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entail provision of such a large spillway and revetment work
that it might well double the cost of the dam.

Inspection of possible sites on that class of river for dam
to conserve a few million cubic feet convinced me that
many cases there was a method of bypassing that particu]
difficulty. There is often a tributary valley, with a smaj
catchment, running into the main river, which has a suitab|
site for that class of dam but insufficient water to fill jt, |
then, the dam is built in such a side valley it can be filled
under controi, by diverting water from the main river highe
up. This means a canal with a sluice gate at the point g
withdrawal which, under favourable circumstances, woul
be a very much cheaper proposition than a dam, or cven
weir, on the main river itself. There are sundry othe
engineering advantages in such an indireer site, including th
possibifity of building ““in the dry ”, reducing the amount ¢
silt led into the dam and even regulating the flood iself i
some degree.



visit to Kenya was so brief that only a few rapid
neys t areas of water scarcity were possible, These
gluded 2 trip over the Laikipia plateau to Maralal, then vrz
hers Post to the N.F.I), at Garba Tula, a trip to Machakos
aid Kitui, and finally a visit by road to Voi, the Teita Hilis
Taveta. Consequentdy this report must be taken as
rding impressions rather than as prowdmg conclusions
e development of water resources.

ust as Kenya leads East Africa in its degree of general
velopment so it also leads in the complexity of its social
economic probiems. The physical background to most
these problems is the low rainfall, bus there are other
ficulties only slightly less fundamental, such as the
valence of tsetse fly, which hinder development, Even
en these are overcome, or at least modified, it is doubtful

ich the rest of East Africa might reach. Its rapidly
reasing population will have enough to do to provide for
own subsistence and cven that will only be possible with
more regulated form of native agriculture, Moreover,
enya has recently undergone a succession of droughts which
e intensified these problems to something approaching
tastrophes, where in other territories they only remain as
ouds gathering on the horizon.

large part of Kenya must be regarded as marginal
ntry, whether for arable or pastoral pursuits, In African
rms that practically means country which cannot succeed
der a peasant economy in very small units, but which may
a reasenable return under a collective economy, whether
tat be in the form of government schemes for the Africans
“as some modification of the earlier large bolding or planta-
n system. As far as soil erosion is concerned in pastoral
istricts it is a matter for management and grazing control
more than anything else, There is no more striking sight in
enya than the boundary between the ranch or large holding
4 European and a native reserve, whére on the one side
ere is good if sparse pasture, while on the other there is
avy sheet erosion due to over-grazing and lack of manage-
ent,

Gerneral Picture of the Water Resources

That portion of Kenya which lies to the cast of the Rift
alley, that is to say more than two-thirds of its area, suffers
tinder grave disabilitics as to climate, rainfall and topography,
oadly speaking, the only regions in which surplus rainfalt
urs are the veleanic districts of the Aberdare Mountains
d Mount Kenya itself. Even here the arcas of heavy rain-
I, providing water which is to reach the three main rivers,
e Uaso Nyiro, the Tana and the Athi, sum to under 1,000
quare miles. Situated irregularly round these favoured
istricts there is a belt in which the rainfall is above 20 inches
£ annuin amounting to some 10,000 square miles in area,
“‘Elsewhere in Eastern Kenya, except for small areas such
s at Marsabit and the Teita Hills, the rainfall is rarely
dequate for the growing of crops until the coastal belt is
eached. Subsistence crops are grown in favoured localities,
ut there is frequent failure and great uncertainty.

“To this concentration of surphus rainfall in the Highland
gions we have to add the unfortunate fact that many of the
cks of Kenya are porous, most of all those of Mt, Kenya
self, so that much of the surplus rainfall sinks below the
lavas as soon as it falls. Such of it as appears again in springs
here the lavas meet the older rocks then runs over decom-
osed layers, losing itself beneath the sands or to the sun’s
at. The smaller rivers taper to nothing, while the two major
ones, the Athi and the Tang, shrink steadily to a fraction of
their upland discharge.
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The question therefore arises as 1o whether these rivers
should be used before they disappear into the sands or the air,
or whether they should be left to farnish the underground
sources which are undoubtedly there, if hard to find.

Nevertheless, as in other arid lands of the earth, there are
significant compensations. The flatter lands, even on the
older rocks, wien visited by their scanty rainfall of six to ten
inches, produce a good though thin pasturage. Of this an
unduly large fraction is useless to stock, excepe after rain, for
lack of watering points. A natural corollary is that with the
increzse of population and of stock the land within twenty
miles of water has become badly over-grazed and much of it
badly eroded.

The debate is not merely between the well watered high-
land and the dry lowland, bat also between the agriculrural
and the pastoral peoples. None of the rivers, except the Tana,
has sufficient discharge to support irrigation on any large
scale, On the other hand, any withdrawals of water for small-
scale irrigation increase the tapering of the rivers and reduce
the supply available for the stock on the lowlands.

In a broad survey of what is to be done with these somewhat
stender water resources one is drawn to the conclusion that
in the long run it will be necessary to avoid the desperate
losses from percolation and evaporation by piping the rivers
to provide watering points, and by developing the principle
of underground storage in sand rivers. Such measures,
amplified by the large programme of boring recommended by
Dr. Dixey, may suffice to keep the population and stock in
the dry arcas at its present level without permanent harm to
the tand. There can be little hope of accommodating increases
of population and stock in these districts unless and unsil
large and well-grassed areas can be freed from wetse fly.

In recent years there appears to have been a falling off in
the annual rainfall in Kenya east of the Rifr valley. Lakes
which were formerly full have sunk or dried up, rivers have
become still more tapered and grasstands have become still
more thinly covered. Some of these effects are so striking
that people are beginning o talk of progressive dessication
and to draw the gloomiest pictures of the future.

Whether this decrease will continue and is indeed part of
a secular downward curve must remain at présent a matter
of opinion, not fully supported by actual figurcs. My own
reasont for allying myself with the optimists is that the
““ dessication ™ appears to be far too local to be a secular
change.

In periods of drought the effects of a decreased rainfall
are ﬁiways more spectacular than the rainfall figures them-
selves, since the latter are only part of the story. Decreased
rainfall means increased evaporation, less vegetation cover
and a quicker run-off of rivers. The effects are in fact
cumulative, and the arid conditions scem to be more
permanent than they really are. Fortunately when rainfall
mereases again the reviving effects are equally spectacalar.

Yet not all of these evidences of dessication can be
accounted for by the reduced rainfall, some at least must be
laid to the charge of human occupation, man's interference
with an equilibrium which was never stable,

There is nothing new in this, and history records similar
“ dessications ™ in the past, especially in Mediterranean
lands, which have been largely due to such activities of man
as destroying forests for fuel, keeping an excessive number
of goats and so on.

The removal of cover from the ground, even with the
same rainfall, causes a quicker run-off, and earlier drying
up of the rivers, removal of surface soll and therefore a fall
in fertlity. These and other effects produce the illusion of
an encroaching desert. Further there is a considerable bady
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of evidence, not whally conclusive, to prove that the rainfall
itself is affected by these surface changes.

It is thercfore important to enquire how far man’s treat-
ment of the land may be contributory to this cycle of drier
seasons, which of his many interferences with nature’s
distributions may be responsible, and how far they may be
remedied.

1f any single factor is 10 be selected as of prior importance
it is the rate of run-off of the rainfall. The more quickly
the water disappears from the surface of the land, into the
sea, into subterranean reservoirs or inte the air again, the
more dessicated the land will be. This is of course much
intensified when the rainfall comes in a definite rainy
season, To delay the run-off is to hold the water in the surface
soil longer, to render rivers more nearly perennial and to
give a longer season of growth to vegetation cover.

Now the rate of the run-off depends on several things
which are Leyond man’s control, such as intensity of rain-
fall, porosity, evaporation and so on. It also depends on a
facter which s partially under control by man, namely
vegetation cover, and, by corollary, depth of humic seil.

The most effective cover of all for arresting and delaying
rurroff is forest, preferably indigenous forest. Its action is
of course closely related to its density and especially its
undergrowth. We must not be led aside by the argument
that the forest itself consumes a great deal of water. So it
does, but without the forest that water and much more
would quickly run away ard be lost.

Continuous grass cover is next in its arresting effect on
run-off; the denser the growth the greater its value. It must
be noted, however, that a continuous dense grass cover is
very difficult to induce in regions of small rainfall, especially
when the rain falls over a limited period. In such regions
we cannot remove forest and expect a dense mat of grass to
take its place; moreover grass is far more casily destroyed
by grazing or by fire,

There is another way of looking at the matter which is
perhaps more {lluminating. Before the white man came to
Kenya the country had reached a stage of equilibrivm
between its rainfall and its vegeration, If we had desired to
keep things just as they were in the mateer of flow of rivers,
volume of lakes, etc., we should have had to jeave things
alone. That being impossible, the somewhat delicate
cquilibrium had te be disturbed to benefit man, and it
remains to discover how far it has been disturbed and in
what directions. I suggest that the keypoint of such enquiry
is the change in the rate of run-off.

It is for those who know the country far beteer than I,
or any other temporary visitor, can be expected to know it,
to establish which facters are the most important, and
valuable contributions have already been made. Never-
theless in conversations and in certain reports on the subject
there is often a certain narzowness of view, a piecemeal
atack on the problem which is the reverse of useful, For
instance there are those whe wish o cause the rivers to run
farther out fnto the dry areas, and advise the cutting down
of forests to effect this. Others would abandon the dry area
and use the water in the uplands, while others again would
replace forest with grass for the sake of a larger grazing
area.

Experience in other lands suggests that forests are the
most important factor in arresting run-off, and I can see no
reason why it should be otherwise in Kenya. I would
therefore recommend the utmost caution in removing forest

cover, and increased vigilance in its protection from fire,
particularly on the tops and steep slopes of hills, I believe
too that there can be no universal panacea, that each type
of country and of rainfall needs its own special treatment.
For instance to grass down land may he the best thing in
one area yet quite disastrous in another. The diversity of
opinions on what should be done is probably due not so
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much 1o any unwisdom on the part of the advisers as
their attempt to apply one treatment to all areas.

There is one other matter which calls for comment 4
at this point, even though it is not whoily concerned wj
water resources, and that is the method by which &
Government effects its resettlement schemes. It seems y
be almost too benevolent and is apt to carry out its projeg
without enlisting a due co-operation from those who wi
benefit most. A passing visitor must feel consideraly
difidence in making such a comment since there may
paramount reasons for the method used.

In opening up fresh country for pastoral sertlement
appears to be the practice for the Goverament to descen
upon the area selected, clear it thoroughly, build dwellin
and provide water, and then to remove population en bl
to the arca. Where urgency is the spur no doubt th
method s inevitable, but it is bad for the people and it js
very cxpensive. The only work beyond the capacity of the
Africans themselves is that of providing the water supply:
Once this is completed, the clearing, the building and even’
the access might be left w0 the natives, under guidance;
either with or without the spur of rewards, according to
circumstances. The progress of resettlement may  therchy
be rendered much slower, but the psychelogical value of
getting the people o help themselves may well outweigh
this disadvantage.

There was considerable difference of opinion on this
suggestion when it was put to adminjstrative officers, many
of whom, probably the majority, were of the opinion that
it was better to provide everything for the new settlement,
and move large numbers en bloc, even with a measure of
compulsion. Others agreed that if by any means, either 2]
miracle or the work of the Government engineers, a series
of really permanent water points were to be established,
there would be many pionecrs amongst the Africans who
would at once move in without persuasion or coercion and
commence a new screlement by clearing the iand, even in
tsetse coulltry.

It is hardly profitable to foilow the argument further here,
but ir may be suggested that consideration be given to
aflocating rather more funds for the provision of ample
water supplies in new areas, the fundamental need, and
rather less for clearing and building.

The African is by nature and tradition a ready migrator,
and his main spur in the past was an adequate water supply,
with secondary ones such as security from raids, better sofl:
and so or. It is therefore just possible that [ree-will and;
nothing but 2 water supply might accomplish more than
coercion and a complere lay-out of roads, buildings and.
cleared land. '

There is a miner but far more widespread instance of the.
same kind in the matter of weeds and low scrub invading
pastures. The custom appears to be to leave such invasion
until it has assumed dangerous propartions and then to
organisc an cxpensive campaign of eradication. As long as
this is continued the people will naturally neglect their own
duty in the matter, waiting upon Government action. But
if the chiefs could be persuaded to take action themselves
it would not only achieve the advantage of sclf-help but it
would save great expense, For instance, if a headman:
could be prevailed upon to ordain that every “toto™ in:
charge of a herd should every day bring in a bush or weed,
for every beast he looks after, solemnly counted before hi
seniors and added to the kindling pile, the menace of weeds:
would soon be removed and the pastures improved.

Isolated instances of too much Government help can.
never prove a case, and it would be dangerous to be dogmatic’
over what may merely be occasional or justified by

expediency. It is a tendency which is almost inevitable:
when a territory advances beyond the stage when the Distric
Commissioner has to carry out the improvements himself. :
A large technical staff cannot see the matter in the same )
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'ghc as the administrator nor be in close touch with the
eople concerned. The same applies to water development
work; the technical staff driven by urgency, will usuaily
refer 10 do the work with their own staff and skilled
methods rather than delay it by teaching the local people
how and why the work is done.
‘For these reasons there is much to be said for a scheme
training classes in water conservation to which cach
istrict would send sclected candidates for a few months’
; ammg in the clements of well-sinking and lining, surface
» pumping or watcr—drawmg appliances and so on,
the xmjox ity of the trainees to return to their own district
~ and not be allowed to join a general headquarters unit.

The Machakos and Kitui Districts

In a rapid traverse of both these districts I was able to see
e results of the overstocking which have been the subject
many reports to Government, There is no need to
scribe in detail the state of much of the land of which a
fry picture was drawn as long age as 192 by the Hall
mumission. The recommendations as to remedial measures
ut forward by this and later Commissions may have been
ound but few of them scem to have been fully practcable,
t has, I gather, been impossible o reduce the number of
tock drastically, move large sections of the Wakamba, or
o clear large areas of wsewse fly. Meanwhile the erosion
cems to be spreading to an alarming degree, calling for still

cers, many older measures.

31!'11;)11 that - This does not scem to be a water pmblcm, the rainfall
scttlement, eing fairly rcasonable, bur mainly an overstocking problem.
neasure of

n the brief enquiries T was able to mnake 1 was given to
sinderstand that a great part of the cattle population is not
vital food source, but is mainly a currency for the bride
Tice systenn.
If this be so, then it would seem to be necessary to ery ©
onvert the peeple from a system so obstructive to their real
eifare. A brief visitor cannot assess the diﬂiculty or even
e d'engcr of suck a fundamental change in their customs,
ut in discussions with various administrative officers,
specially Mr. Thorp, the possibility of a change appeared
be very unlikely. Nevertheless, since desperate cases
quire desperate measures, one of the latter may at Jeast
e mentioned here, It would require the whole-time services
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rs, & series
stablished,
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mugratar, £ a scnior officer well known to, and trusted by, the wibe,
er supply, it would be unprofitable to go into detail on the scheme
bct'tcr soil y which this might be achieved, but the broad outlines
+-will and ould be to persuade the people to exchange their cattle
fore than urrency, by sales, for a currency of bonds. Such bonds
fings and ould have to bear interest equivalent to that of the natural
increase of cattle, would have to be the weasured possessions
1ce of the of the sellers of cattle, and the “ bridebank ” would have
t.nvadi.ng to be administered by the District Commissioner with some
i invasion representative chiefs.
| then - However fanciful and perhaps impossible such a scheme
s l‘ong a8 may be, the fact remains that the land canpot be saved
heir own without a tremendous reduction of the cattle of which a

tion, But

proportion merely represents currency for brides.

The Machakos district is now in the last stages of soil
erosion in many places, with bare rock showing. Yet the
powers of restoration of a hot climate together with a
reasenable rainfall are such thav it only nceds a few years
est 1o recover 4 great part of its former fertiliy,

The run-off in the streams during the rainy season is
~nargrally high, and it is recommended that some of this
.should be checked by the simplest and cheapest means

toto ' in
or weed
efore his
of weeds

.:Jclp can ‘available, by the villagers themselves if possible, Ewvery

‘.ggénagc small strean which floods should have a series of boulder

;cfit b[i “weirs thrown across it, backed in the first place by some
vita

brushwood and earth on the upstream side to induce sijting.
'The sand reservoirs thus formed would raise the water table
and prolong the flow of the stream into the dry scason.

= District
himself.
he same
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Some of the sand rivers might be dealt with as recom-
mended in an appendix to this report, the Thwaki River for
instance would appear to be well suited for this treatment.
There are also some narrow gorges providing suitable sites
for dams from which piping could lead w watering points
some distance from the river bed. These sites might repay
further investigation since, though expensive in the furst
place, they would relieve the pastures near the river beds
and would permit a degrec of grazing control which is at
present impossible,. One likely site is av the back of the
Kilimakimwe Hill, a few miles outside Machakos,

It is perhaps worth recording here that for slopes of 1 in
20 (easily obtained in the Machakos) a 1-inch pipe would
water over 1,000 head of caule, while a 2-inch pipe would
watcr over 6,000 head.

Such supplies for a period of 100 days of dry season would
require a storage of one million and six million gallons
respectively. Given reasonable sites, dams to hold such
volumes, zllowing for seepage and evaporation, should not
cost more than {1,000 to f3,000 even if built with masonry
cores, and the piping costs should be not more than f3z00
and fGoo per mile respectively. For a 10 mile run of 2-inch
piping the total cost of installation should therefore not
exceed [L10,000.

It is true thac such a sum would suffice for 20 or more
bores, hut their maintenance and pumping costs, as well as
the uncertainty of striking water, must be reckoned to their
disadvantage.

Whilst on the subject of water points provided by
Government, it is recommended, for psyclxologlcal reasons,
that a close enquiry should be made into the possibility of
payment, even on tken terms, for the water, Nothing is
so likely to induce care of the water equipment, taps, etc.,
and avoidance of waste as the realisation by the people that
they are paying for it

For the parpose of illustration we may take the above
mentioned scheme of a dam and 2-inch supply line to serve
up to 6,000 head of cattle.

A beast will drink from 2,000 to 3,000 gallons per year,
or say 1,000 galions of piped water in the dry scason. If the
value of the water were assessed at say soe. per thousand
gallens it would be appropriate to charge soe, per beast per
year to the owners, a very reasonable charge since goats and
sheep would benefit without cost, and it is really a token
payment.

Such a water rate would produce upwards of fr1,000
p-a., possibly not more than the cost of collection, but the
principle of participation would be established. A higher
rate would account for the cost of maintenance and even a
sinking fund for rencwals,

It is not claimed, however, that a water rate would ever
pay for capital expenditure, which remains 2 gift from the
Government, It is the high psychological value of such a
system which is recommended for consideration. It is
therefore applicable in principle to all areas where Govern-
ment expends money on facilities, whether to Europeans,
Indians or Africans.

The Kitui district, on the other side of the Athi River, is
less hard hit than Machakos, but appears to be heading in
the same direction. Though it is lower in general altitude,
its rainfall is fair, since it receives the first precipitations
from air coming from the Indian Ocean as it is forced over
the 3,000 foot contour. Such a situation calls for small weirs
and headwarer checks to floods, such as are described else-
where in the report.

The Areas of Surplus Rainfall

These arc situated mainly round the Aberdares and Mt
Kenya. T visited only the parts adjacent to Embu, Nyeri,
Nanyuki and Thomson’s Falls, but the undermentioned
considerations probably apply to other centres as well.




The land is here under occupation by both Europeans and
Africans, and the surplus water is used to some extent for
irrigadion. The method of vsing it is in many cases some-
what wasteful. -

The arguments of these upland users of the water is no
doubt that if it is allowed to run to the lowlands it will only
be lost by evaporation and sinkage into the ground, and it
must be admitted that at present such people have a strong
case to that effect. This will not always be so, however, and
as conservation schemes and piping are provided for the
lowland users a due propertion of upland water will be
needed and used.

It is notoriously difficult to control the use of water by
ordinance, whether this works by penalty or not, Probably
the only way to ensure the reasonable use of water is by the
institution of some form of water rate, Such a system [
believe is almost unknown in Kenya, but it is common usage
in tnore settled ceuntries and is by no means a new
principle. At all events it merits consideration, and I suggest
the following line of argument as the basis for such con-
sideration.

The fundamental principle is that all water is the property
of the Crown, and it is only rights of use which are granted
w the people, such rights being divided inte those which are
indefeasible and these which are granted under application
and, where necessary, for payment,

Thus the rights of use for domestic purposes, both human
and animal, must be indeleasible, subject o no payment or
restriction. This may be called the “ primary ' use of water,
or, if preferred, the * subsistence ” usc.

The “secondary ” or “ profitable” usc of water mighe
include irrigation for cash crops and the watering of stock
other than house stock, that is to say saleable stock. Such
use may be the subject of application and, in certain circum-
stances, such as where it has entaiied expense by the Crown,
or where it affects supplics further down the stream, may
be subject to payment.

What is sometimes called the “ tertiary " use, that is for
power, comes under a different category since the water is
not expended. Nevertheless, since it involves making a
profit out of the property of the Crown, namely the water
itself together with the topography, it should again be
subject to application and, where nccessary, payment

If these general principles are considered valid and just
in Kenya, as they are in many other countries, then their
application may be considered in outline,

The difficulty in instituting a water rate for secondary
use is administrative rather than judicial, especially as the
Governinent must hesitate before cither adding to the
responsibilities of District Commissioners or creating a large
staff of water bailiffs..

This difficulty car be modified to some extent by under-
taking, what should be done in any case, the measurement
gf all water used in furrows, This means the instaliation
of meters, preferably automatic, at all main diversion points,
the cost of which must be met by the users comcerned
together with the cost of the staff concerned in their
observation and maintenance. A comparatively small warer
rate would pay for these measurements, without which no
water authority can presume o allot water for secondary
use. Moreover it is an entirely just charge to make, and one
to which no fair-minded community can take exception.
As one experienced District Commissioner said, * The
farmers wiil always pay for a square deal ™

The question of further increasing the water rate as pay-
ment for Crown property used is a separate matter and
depends on considerations of a differene type, including
those of expediency and compensation for capital outlay by
oWaCTS.

Provided that the water rate is related in some way to the
amount of water used and not merely to the cost of the
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meter for the individual furrow, the need for the controlled
usage of water will be largely met,

In any case I regard the installation of meters as essentia}
since no authority can go on allouing a2 limited supply o
water without knowing the actual consumption per uger
In the case of European users the method of installation j
comparatively simple, each main furrow having a meter
For the native reserves the matter is more complex, by
perhaps some communal meter and communal charge could
be devised.

The respective volumes of surplus water to be allotted 1o
upland and lowland owners must be a matzer for discussion
in each individual watershed, The present somewhat waste.
fol methods of use in the uplands, either by careless furrow:
or by irrigating crops which could be grown elsewhere unde
seasonal rain, will autematically be corrected when a ware
rate is charged, even when it merely meets the cost of measure
ment and administradon.

The Uaso Nyiro Watershed

The comprehensive report by Dr. Dixey on the Hydrology -
of the Uasc Nyiro, submitted in 1944, makes it unnecessary:
to give a demiled description of this interesting river or to°
make more than passing reference to what has become known
as the Uaso Nyiro controversy.

The recormmendations of that report include an impressive
programme of bore drilling and tank excavauon to be carried
out over a period of six years, which would meet most of the
nceds of the areas concerned. Unfortunately the cost is high
in relation to the production of those areas at present and there
is also an element of uncertainty as to the yield of the bores.

There may therefore be room for certain suggestions, to
be considered as supplementary rather than alernative,
relating to those sections of the watershed visited by me,
which might receive atwention and deserve some further
reconnaissance surveys by the hydraulic engineers. They fall
under three headings, namely,

(i) The provision of headwater checks,

(ii} The reaument of sand rivers,

(#ii) The use of piped water supplies for stock areas.

The general regime of the river and its tributaries is now
fairly well known, but there are certain tracts which are very
inaccessible, and there is a great lack of figures for the dis-
charge at various critical points. It is a typical “ wpering ™
river, since its sources are in the regions of surplus rainfall of ;
Mt. Kenya and the Aberdares, and it flows towards areas of
deficient rainfall of under ten inches average and great
variability from year w year. It is not surprising, therefore,
that it rarely reaches the sea.

Further, while its sources are in the highlands which are -
capable of some further extensicns in agricuiture, it runs ;
towards the purely pastoral districts of the lowlands which are |
marginal even for stock and are suffering severely from the
evils of local over-grazing due to the bad distribution of water
points. :

There are, in fact, all the elements for sharp differences of
opinion on the best or most just uses of the river water as
between highland and lowland.

The flow in the rainy season usually, but aot invariably,
reaches the Lorian Swamps, providing * water meadow ”
pasturage for a Jarge number of stock. Any large-scale inter
cepton of the flood flow would thercfore prejudice the
interests of the nomadic people who depend on this pasturage.
This s a sort of natural irrigation, and in its present somewhat
haphazard working is probably more wasteful than need be.

For other parts of the Jower Uaso basin the pasturage
depends on the seasonal rainfail, not on the river water. In
the immediate vicinity (say a 15 or 20 miles distance) of the
river there is no need for water points for cartle, and, as Dr.
Dixey points out, the poor state of the pastures is due to over-
grazing and increase of stock, so that a greater dispersal of



ontrolled tock is what is required, Dr. Dizey recommends measures

or this dispersal which consist mainly of bores and tanks

cssential, (Fiared so as to give access 1o areas where there is reasonable
upply of jasluragc, as yet but little used for lack of water points.
per user, ]
Jiation is The Highlands
a meter, :Somiething like 5,000 square miles of the upper basin of the
plex, bug Jaso Nyire is above the 4,000-feet contour. In this section,
rge could n spite of the existence of many porous lavas there is some
natural conservation in the form of marshes, particularly on
liotred o e Uaso Narok, the best examples being near Thomson’s
liscussion : 2atls and Rumuruti. These have the effect of steadying the
at waste. . ow of the main river and extending the period of run-off of
3 furrows e rainy season. A considerable number of arcas of “ black
zre undey ton sofl 7 on the Laikipia plateau would secem to indicate
1 4 waier hat '.hCSC marshy areas wWere more Widesprcad in thﬁ recent
measure ast than they arc now. [t is clear that a marsh of com-

aratively shallow water is a check to rapid run-eff, but it is
somewhat wasteful one, hoth because it occupies land which
night be producing crops and beciuse it exposes an excessive
irface o cvaporation as compared with the volume of water
o checked.

-What is required, therefore, is to free some of the swamp
ind for use and at the same time to check floed water without
ndue loss by evaporation, On a small scale this js not difficult
o do, as is described in an appendix on the treatment of
ambocs in Central Africa. But on an extensive plateau and
ith a very small resident population, as on much of the
aikipia, this treatment is not truly applicable.

.ydrology
nECessary
ver or to
e known

npressive
we carried
ast of the

st is high ‘Schemes of conservation and of drainage are alrcady in
und there peration or construction on the Uaso Narok, and provided
he bores, hey are properly balanced they must effect a general improve-
stons, 1 ent in the regime of the whole river. Probably the ideal
crnative, stem would be to have a barrage above each swamp,

by me, hich when drained for agricultural use would pass on the

further ater, formerly left to evaporate, to a lower barrage, This has
Fhey fall least the merit of giving some immediate return for the

ost of the barrages from the production on the drained
wampland. The road w Maralal from Rumurud passes
veral possible sites for such alternate damming and draining

as. chemes, but they are in country which may ac present be too
$ is now parsely settied for immediate development,
are very The geology of the Laikipia plateau scems to govern the
the dis- stribution of surface water very closely, The lavas to the
pering ™ est and south are usually porous, while in the centre and
unfall of orth the older racks of the “ basement complex ”, though
areas of decomposed to a considerable depth, are much more imper-
1d great ous, Consequently any large scale conservation schemes
herefore, should be placed on the older rocks rather than the lavas
unless there arc local beds of clay which will seal the
hich are reservoir from leakage. The cccurrence of many springs not
it rups far from the boundary of the lavas is merely another piece
‘hich are of evidenee for the relative porosity of the lavas as compared
rom the with the underlying rocks. These springs would repay
of water expert examination with a view to improvement, and the
same remark applies to those much farther down the river
‘ences of beyond Archer’s Post.
water as It is obvious that the porous lavas, while they are
disappointing in themselves for lack of surface-held water,
variably, are fulfilling a useful function in conserving water under-
eadow " ground and lewing it out over the harder rocks slowly. It
ile inter- will be an carly duty of the hydraulic engineers to measure
dice the the discharge of the major springs on the plateay, such as
isturage. the Suguta Mugic and the Suguta Marmar,
wnewhat It will be remembered that some of the most valuable
need e Jrrigation schemes in California, such as the citrus plan-
asturage ations of the San Bernadine mountains, bhave their origin
ater. In 0 just such underground water, in that case trapped and
1) of the onserved in ancient scree talus from the mountain sides.
L, as Dr. The old rocks are in general much fissured and therefore
to over- urnish exceilent bore-water when the site happens to be a
sersal of lucky one, Nevertheless they are costly to drill when the
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overall expenscs, inciuding those of the barren holes, are
taken into account. Where there are neighbouring high
mountains the prospects of dams might receive closer
attention. The Maralal administrative station is in just such
a situation with the Karissia Hills nearby rising to 8,000 fect.
There should be suitable sites for reservoirs above Maralal
which would not exceed the cost of two or three boreholes
to build.

One would imagine oo that in these hills the provision
of headwater check weirs made chiefly of boulders would
do much towards making the streams less intermittent or
even permanent for some distance, not because they hoid
much water in themselves but because they raise the water
table in the surrcunding ground and the supply therefore
escapes slowly by scepage instead of by rapid and destructive
run-0ff, The Uaraguess and Matthews Ranges further east,
rising to similar heights, are also likely situatons for such
schemes,

It is far too much to expect that the tribesmen of these
areas would appreciate such an indirect method of improving
wazer supplics. It will therefore be necessary for Goverp-
ment authority to provide demonstration schemes in such
districts as that of Maralal, Kitui or Machakos before any
persuasion of the native population can be expected,

The general principle of headwater checks has been
explained in the General Section of this report. It may be
repeated here that a small valley is sclected which has an
intermittent stream, its intermittent character being due
more to rapid run-off than to a porous bed. The boulder
weirs are sited towards the headwaters of the small tribu-
taries in places where the gradient is less steep, the object
being to raise the water table over as large an area as possible,
The construction aims at producing what might be called
a smail swamp, not a watertight reservoir, It consists
therefore of the largest boulders available backed by smaller
boulders and then by soil and brushwood, and must not be
so high as to invite destruction by floods which must run
over it and leak through it. It is obvious that such a scheme
must be accompanied by the preservation of the natural
vegetation from fire or cutting, the function of both weir and
vegetation being the same, that of holding the water
temporarily in the soil.

The methoct is In fact a reversal of a process only oo
familiar in countries of low and seasonal rainfall, where
streams which were once perennial have been made inter-
mittent by the destruction of headwarer vegeration and the
draining of natural swamps.

As the Uaso Nyiro and its tributaries descend from the
plateau, round about the 5000 foot conteur, they enter
gorges in the old rocks which are pre-voleanic in age and
most impressive in size. On the route followed from
Maralal to Wamba there were only occasional glimpses of
these mighty gorges and hardly any of the river itself.
Nevertheless it is obvious that if ever a major scheme of
conservation is to be undertaken these porges will furnish
sites similar in general character to those of the dryer
Western States of America.

The Sand Rivers

In the rainy season most of the major water courses, lakes
and longitudinal valleys collect water which in local storms
éven runs on the surface for a few hours. Much of this
water is lost either by evaporation from shallow pools or by
steady seepage down the sandy beds. Some of the latter is
recovered for use by wells dug in the sand by the nomads
and there seems every prospect of increasing both their
aumber and their yield by constructing sub-sand barriers
as outlined in the appendix to this report, The inherent
advantages of such sub-surface reservoirs are of course that
they can be ‘stepped’ down a long valley, and that they
protect the water from evaporation and pollution. If they
can but be constructed cheaply they should be a valuable




adjunct to Dr. Dixey’s programme of bores and a useful
step in prolonging the scason for grazing in their vicinity.

The success of such sub-surface reserveirs depends on the
nature of the rock or alluvium at the bottom of the sand.
If it Is porous itself the water will soak away under the
artificial blockage. On the other hand the localities where
the bedrock is impervious or comparatively so are well
known to the inhabitants, both human and animal, who
have dug water holes in the sand bed every scason for
centuries in such places, catching some of the seepage
water as it passes down the bed. Their knowledge as to the
depth of the water wble in a sandy wadi or lake atr any
time is limited only by the fact that they could not dig holes
in soft sand beyond a certain depth and so missed the lower
fevels of water in a deep sand river.

The modern methods of jet drilling through sand are
particulariy applicable to a deep sand river, Since such drills
can be sunk at rates of up to onc feot per minute, a jet-
drilling outfit can be used quite cheaply for exploratory
purposes, withdrawing the casing if useful supplies are not
found and leaving it in piace if they are.

It is just possible that before this report is in print some
trials of this mode of treatment of sand rivers will have
beer: made in Bechuanaland Protectorate, Uganda or Kenya,
the results of which will be of the greatest iniportance.

The Case for Piping Water Supplies

Probably the only source of water in the watershed which
can be considered for piping is the Uaso Nyiro itself, and
the only areas which such piping could serve would be
those to the north and south of that river below Chandler’s
Falls,

Possibly such a method of providing water points has
already been investigated and discarded, though [ can find
no report on the matter. Nevertheless I consider that a
special enquiry and reconnaissance survey would be well
worth the expense since it offers threec very valuable
advantages. ‘These are:

1. the most cconomic use of the slender dry season

discharge of the river,

2. the optimum distribution of water points,

3. the small maintenance costs.

Against this is the somewhat formidable initial cost.

With so inadequate an inspection of the areas concerned
I cannot do more than outline the nature of the scheme,
leaving details of the reconnaissance and costings to the
officers of the Water Development Department.

The Merti Plateau is a small area of high ground on the
north side of the Uaso Nyiro about 25 miles belew Chandlef’s
Falls. Given a rescrvoir on its western side, piping could
be laid to watering points situated on the rich grazing arca
in the direction of Arba Fahan which has so often been
referred to,

Adeording to the ‘command* given by this reserveir, the
arez which could he supplied would range from half a
millien to one million acres. Allowing 30 acres to a beast,
this would provide pasture for from 15000 to 30,000 head
of stock. Sufficient water for such numbers, with the fall
available, could be provided by s-inch piping, suitably
decreased in diameter towards the fringe of the arcas served.
Moreover the take-off from the main river for the purpose
would only be between onc and three cubic feet per second.

To serve the Merti reservoir a main pipe would have to
be laid from some peint at or below Chandler's Falls
according to the fall required. With a fairly low gradient
this pipe would probably have to be of six inch diameter.
For costing purposes we will put the length of this pipe at
the outside figure of 30 miles, The length of the distributing
pipes, from four inches in diameter down to one inch,
would depend on the extent of country under cemmand,
but we may put it generously at 70 miles. It is difficult wo

arrive at the cost of purchasing and laying such lengths of
piping, but a fair figure seems to range from 400 per milg
for 1-inch pipe up to fz2,000 per mile for G-inch. The
diversion works at the river would be comparatively cheap,
and the reservoir at Mertd need only hold about 3oo,000
gallons.

A rough estimate of the total cost of such a scheme js
therefore

30 miles Ginch pipe laid L6o,co0
20 miles smalier piping at L1000 mile 70,000
Diversion works and Merti reserveir L16,000

£L140,000

This is an outside cstimate, and [ would expect an
engineers’ survey to reduce it to the neighbourhood o
A£100,000 by various means, such as reducing the length ¢
main pipe by pumping from a point nearer Merti, or by the
use of hydraulic ram pumps. A figure of 3 to £5 per head
of cattle for providing water during the life of the piping,
say 20 years, is formidable but not excessive,

It is not easy to say what proportion of Dr. Dixey's
programme of bores and tanks would be replaced over the
area served, but it would probably be not more than {30,000,
On the other hand the maintenance costs for pumping
would be far greater were the same supply to be provided
by spaced bores. e

With such figures as a basis I submit that a reconnaissance 1
survey by an engineer would be well worth while, ;

Should some such scheme be established it could not use
more than two or three cusecs of the dry season flow of the
Uaso, out of the 4234 cusces which is supposed to be allowed '
to pass Archer’s Post. Ultimately I should expect some of :
this balance to be used for small irrigations on rich lava
soils above the south bank of the river, My acquaintance -
with the area does not justify outlining a scheme beyond:
saying that I noticed seme very promising chocolate soils 2
on the road from Isiclo to Garba Tula which would be
under commend of a take-off between Archer's Post and o
Chandler’s Falls, or of some of the springs issuing ahove the
river on the south side.

In Dr. Dixey’s report there is a section on the “ Uaso |
Nyiro Controversy ™ which scems to centre in the allotinent, |
announced in 1941, of half the supposed Jow-water discharge |
at Archer’s Post for the benefit of the lower river. It seems e
clear that the supposed low-water discharge of 85 cusecs at
Archer’s Post is not often attained, and Dr, Dixey and
others have given reasons for this shortage.

In so far as this may be due to excessive use of the water
on the higher plateaux this cause will tend to disappear if,
as recommended above, meters are put in and a small water °
rate instituted. :

Dr. Dixey has pointed out in his report that a good flood
water discharge is required down the Uaso Nyiro in order s
to fill the Loriar Swamp for the benefit of the pastoralists
there who use it as described above. He also gives evidence
to show that of recent ycars the river has not run, above
ground, as far as it used to do, but that this has nothing to
do with the increased use of the water on the uplands. It
seems clear that the variations in the distance downstream
from Archer’s Post at which permanent running water
ceases are due to natural and not artificial causes. Speaking
generally one may accept the fact that the river rarely runs,
in the dry season, beyond the point where it leaves the old
rocks and reaches the friable sediments known as the Merti
Beds. This point is about 15 miles above Merti and there-
fore about 6o miles below Archer’s Post,

From about the same point, namely the junction of the
old rocks and the newer sediments, there is a marked
increase in the density of trees along the river bed, showing
that there is a sufficiency of underground water for their
growth even during the dry season, and that this has been
the case for a very long time,
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¢ It seems therefore that any endcavours to et more water
ass Archer’s Post in the dry season than at present would
e wasted, and that the regulation which rules that nothing
ss than 4224 cusecs should pass that point is not only rather
dead letrer in the present run of droughts but does not
erve any markedly usefui purposc.

The fact of the matter is that there are far too few data
bout the discharge cither of the main river or of the

scheme jg

zgg’zgg prings nearby to make any hard and fast allotments of this
:IO:OOO pe of' much value beyond indicating an intention that
: own-river people should not he deprived of water. More-
140,000 ver it is probable that the river receives considerable

: ceessions from springs and seepage between Archer’s Post
CHPeCt an Feiiind Chandler’s Fall. There are no measurements of these
urhood of “ccessions yet they must be important since the rainfall of
> length of | e area between the river and the high Nyambeni Range is
» or by the r from low. At Isiolo it is just over 26 inches, yearly
5 per head - erage; on the river jtself it appears o be of the order of

‘e piping, inches, while on the the Nyambeni hills it is Hkely wo be
30 inches or more.

To obtain a rough idea of the water which has to be
accounted for we may assume a mean of 20 inches for the
area of drainage from these hills down to the Uaso Nyiro,
which is about 1,000 square miles. The proportion of this
rainfall which sinks into the porous lavas and escapes
underground is quite unknown, but it may well be as much
23 30 per cent. For the calculation however let us assume

r. Dixcy’s
d over the
n £30,000_

pumping
: provided

nnaissance

e it is only 10 per cent. That would mean a quantity of
id not use 100,000 acre feet of water reaching the river by underground
low of the routes annually or about 4,000 million cubic feet. If that
se allowed were spread evenly over the year, which of course is not
t some of the case, it would be equivalent to a rate of flow of 100
rlc.h lava secs. .
lualntance | There is no way of assessing the dry scason flow under-
e beyor.ld ground which is not frankly guesswork, yet since the rate
ofate soils of escape must be very much less than that of surface run-
would be g, there is justification for thinking that this more or less
Post and nvisible accession can rarcly be less than 10 cusecs. The
above the nly significance which can be attached to this figure, or
« : ny other arrived at on such broad assumptions, is that the
e “ Uaso Usso Nyiro below Archer's Post is not entirely dependent
allotment, n the rainfall on and above the Laikipia plateau for its How,
discharge The question naturally arises as to whether there is any
It seems - means of tapping this underground water, or of conserving
cusecs at ome of the rainy season surface flow. The prospects are
Vixey and ot hopeful, yet there are a few marshy areas some ten or
fteen miles from the main river where the lavas must be
the water ess porous than elsewhere, and it is just possible that in
appear if, ome of the water courses there are sites for dams or tanks

1}l water o 2 small scale.

The country traversed on the road from Isiolo to Garba

ood ﬁc‘)ﬂod ula is, in August, to all appearances rather hopeless, yet
L Oi er s we have seen, there is an ample supply of water under-
astoralists neath it, and that water if tapped has command.

evidence
i1z, above
othing to
lands. It

It would be idie to suggest a careful investigation of the
area at present, yet one cannot resist the conclusion that in
the distant future means will be found for using this water,
nd that over small areas the rich chocolate lava soils may

vnstream be made productive. Whar should be done when time and
15 water - funds permit is a survey of the springs at the edge of the
Speaking lava flows just south of the river itself. Some of these have
ely runs, command of the much drier country to the east and could
5 the 01{,1 be a source of a piped supply to areas where the grazing
he Mert could be used if there were water points.

nd there-

o of the The Taveta Area

marlfﬁd The main massif of Mount Kilimanjaro js in Tanganyika
ShOW”‘.g - Territory, but some of the surplus rainfall of the mountain
for their : passes through what might be called the Tsavo-Taveta region
has been - of Kenya. This region therefore offers some possibilities for

the resetdement of Africans from the overcrowded areas of

the Kenya Highlands and is under investigation from that
point of view.

The district was visited in the company of Colonel
Brooke-Anderson, Chairman of the African Settlement
Board, and the lae Major Hughes. The latter knew the
district well and was responsible for much of the survey
work for jrrigation schemes there, The route followed by
car from Machakos down to Voi and thence to Taveta
passes through wide arcas of marginal pastoral country,
mainly unoccupied because of tsetse fly. The rainfall is low,
but with the help of bores, sub-sand reservoirs and some
surface conservation it is probable that a sufficient number
of water points could be found if the area, or parts of it
could be cleared of fly. Even then it could not accommodate
more than a small proportion of the population which now
reguires resettlement,

The Tsavo River, crossed a few miles above its junction
with the Athi River, and discharging in late August about
100 cusecs, was impressive in contrast with the country it
passes through.

A detour was made into the Teita Hills, whose high local
rainfall and verdure were in still further contrast to the fly.
infested thorn-bush country which surrounds it. It seemed
obvious that if the stream at Voi is tw be improved as to
average discharge it could be achieved at moderate cost by
building a weir in the Bura Hills where there are many
suitable sites,

The Teita Hilis massif separates the run-off water coming
from the castern flank of Kilimanjaro into a proportion
which runs north to join the Tsave and another which runs
south into Lake Jipe and thence to the Pangani River of
Tanganyika Territory. It was this broad col or saddle
between Kilimanjare and the Teita Hills which was the area
of our investigation, and it has some very interesting fearures
from the point of view of water resources. Iis average rain-
fall is round about 20 inches per year, but its real source of
water Is from the slopes of Kilimanjaro where the rainfall
increases rapidly with aldmde, It is not surprising therefore
that from the beginning of white settlement in the district
the idea of irrigation has been constantly in mind, and the
sites of schemes, both existing and projected, were visited.

These schemes arc very promising from the point of view
of food production. It would, however, appear that for a
district of such reasonable rainfall (18 to 20 inches) the water
duty has been set too low. At preseat it appears to be
reckoned on a basis of 70 or 8o acres per cubic foot per
second, whereas except for rice it should be 100 or 120 acres,
even for sugar cane which appears to grow very well there.

There are three local problems concerning water develop-
ment which seem to deserve attention.

The encroachment of swampland at the Lumi delw

The Lumi River has its source on the foothills of Kiliman-
jaro but has a very small discharge unti} it receives the water
of a group of springs near Taveta. Thence it runs into the
farge shallow Lake Jipe and out again by a channel, within
a short distance of its present entry, as the Ruvu, which
river here forms the territorial boundary.

The land of the Lumi delta is valuable cither for irrigation
or for seasonal crops, but it has recendy been seriously
encroached upon by the swamp growth to an extent of
some thousands of acres, as shown by Major Hughes’
surveys. The extent of “brak’ land has also probably
increased though that cannot be proved by measurement.
The cause of this encroachment is ¢ither some excessive
Hooding by the Lumi or undue growth of papyrus in the
Ruvu, or a combination of the two. Such a decrease in the
area of cultivable lands is especially serious where there are
good prospects of establishing extensive cultivation and
movieg  population  from congested districts to  take

advantage of it.
In my opinion, and I believe Major Hughes agreed, the




root cause is the choking of the Ruvu by papyrus growth,
1 would in fact be prepared to find that Lake Jipe itsclf
owes its origin to bleckage by vegetation, If that be the case
the reduction of the swamp land would be easily and
cheaply effected by drainage channels being cut, preferably
in Tanganyika Territory, where the papyrus cnds at the
bridge near the Tanga Road. At this point effective control
could alse be best established.

That some such drainage should be done is obvious in
order to reclaim such land as was quite recently available for
cultivation. The question then arises as to whether a still
further degree of draining would not be to the mumal
advantage of both territories. At present Lake fipe provides
an uncontrolled reservoir for the steady discharge of the
Ruvu and thence the Pangani. It is very shallow buu it has
ap area of 16 square miles, with a volume of about 3,000
million cubic feet or 20,000 million gallens of water. If this
could be controlled by comparatively cheap works ar the
Tanga Road bridge, it would simplify considerably the
embarrassment of the Tanganyika Government over the
power contract on the Pangani. Such drainage and control
could on the other hand be arranged to release the recently
swamped land and, by arrangement with Tanganyika, to
reclaim further fand by lowering Lake Jipe by a foot or two.

I wouid therefore strongly recommend that a survey be
undertaken to establish these possibilitics. Its object in the
frst place would be to ascertain thar there is sufficient
gradient between Lake Jipe and the point of control to
ensurc the drainage and, secondly, to find the area to be
gained for cuoltivation by lowering the level of Lake Jipe.
These primary facts could be obtained by a comparatively
short-peried survey instituted by the Kenya Government,
but naturally the co-operation of the Tanganyika Govern-
ment would be sought at an early date.

A great deal depends on the difference of level of the
surface of Lake Jipe and that of the river at the Tanga
bridge. If this difference is too slight to provide a strong
current when the control gates were opened, the maintenance
of the artificial channel through the papyrus might well be
prohibitive in cost. Any control of the level of Lake Jipe
would permit schemes of reclamation by embankment which
under present conditions would be foolhardy.

The Crarer Lake of Chala

This almost unique physiographic feature is situated about
cight miles from Taveta at a height above sea level of about
3000 feet, The lake lies in a crater or cauldron which it
fills to within about 200 feet of the lowest part of the rim.
It is perfectly fresh and its level changes very little, the
changes ranging only over a few feet, as can be seen by water
marks in the sheer sides of the basin, A pgauge is now
installed and this will measure exactly the range of level.
It has been sounded by Mr, Scott, of the Water Development
Depe.,"atid has been shawn to be more or less flat botromed
with a mean depth of about 250 feet. Its volume therefore
is not far short of 15,000 million cubic feet.

The only explanation of it volume and constancy of level
is that it represents the water table in the vicinity, exposed
by the crater as a sort of giant inspection pit and varying
only with the small changes in the flow of the Kilimanjaro
springs which produce the water table.

Its value lies in the fact that it is perched well above the
lower Lumi valley and commands some 40,000 acres of land
of which nearly half is irrigable. More detailed levels may
well show that it alse commands part of the Tsave valley.
There is therefore a possibility of a major scheme of
irrigation and water power here which most decidedly
merits further investigation.

Such investigation must establish

(@) That the lake is indeed an exposure of the water table,
or at least a natural reservoir fed by steady springs.

(£} How much water could be withdrawn without serioug
afecting the level, or the springs already used ne
Taveta.

(¢} The best means of withdrawal,

The trouble scems o be that investigation by borings ¢4
sctile some of these questions might well be disastrous b
establishing a leak or in some way affecting the presepy
underground feed systens. We must thercfore first see ho
far the arguments of physical geography can mect the
queries.

(#) There seerns ne reason “whatever to doubt that the
level is so constant that it reflects only the water table or
least the changes in volume of the springs feeding the lak
Moreover there is a series of springs issuing some eigh
miles to the north at a slightly higher level which ar
feeders of the Lumi, Njoro and Siante rivers.

It is therefore only natural to suppose that the crater o
Mt, Chala has intereepted similar springs which accumulag
in the lake to such a height as is in equilibrium with the!
scepage or flow out of it. That there is such a flow is proveq:
by the freshness of the water.

Since no other explanation will fiv the facts it may be
accepted that Lake Chala is a perched reservoir with replen-
ishment and outflow.

(&) The question as to how much water can he withdrawn
without seriously affecting the level is obviously of prime
mmportance, yet it is not easy to see how this can be ascer
tained without possible mischicf being dene to the system
of feed and flow. Boring at the base or even into the side
of the mountain might casily disturh these strata which are
retaining the water and do serions damage to what is
possibly a quite delicate balance between supply and outflow,

Large scale pumping over the rim of the crater to find the
difference of level produced by withdrawal is clearly much
too expensive a test. One is forced thercfore to consider
whether the final means of withdrawal may not iself be
made the test, We may therefore pass to:

{c) The best means of drawing off the water for use.

The crater sides consist of what appear to be layers of lava
and layers of ash, more or less consolidated, which in a
general way lie along the inclination of the outer slopes. It
is possibly throngh onc or more of these layers that the
overflow occurs and they are best left alone.

The most suitable way of tapping the supply would therefore
seem to be to drive a tunnel from inside the crater beginning :
say 5 or 10 feet above the level of the lake in a sloping direction
and with its exit below the lake level. The water would then
be drawn off by syphons through the tunnel. The shortest
distance for such a tunnel is at the north-east corner of the
lake where, T am told, it would be only 1,000 feet in length.

The excavation for a suitable tunnel, say 9 square feet
in cross section, would amount to under 350 cubic yards,
and even if the rock were to prove difficult it could hardly |
cost much more than £3 per cubic yard or [1,000.

The speil on the crater side would be used to huild a
small platform (the sides are very steep) at the edge of the
lake where the small syphening pump or other necessary -
gear would be placed.

The test would then be made by erecting 2 centrifugal
pump on this platform and pumping water into the sloping
tannel while at the same time recording the rate of lowering
the lake level. A pump of about 12 horse power with a
10-inch discharge pipe would empty at the rate of about
10 cusecs, which would be a very fair test, since pumping
continually for a fortnight at that rate should lower the level
by 134 inches if therc were no replenishment.

I should not expect the lowering to be appreciable, since
ordinary evaporation must account for several cusecs, and
there appears to be ne significant lowering during the dry
season. In other words, I do not think the pumping test
reafly vital, but should be inclined to proceed to the final
piping for the syphonage.




With the available fall it would probably need a 364ach
_ pipe to deliver 100 cusecs, or careful lining of the tunnel might
suffice. The cost of piping might be as much as [3,000, the
cost of concrete lining considerably less. Once the syphon
was working the actual safe quantity to extract would soon
pe known, and the syphon worked for the appropriate
fraction of each 24 hours.
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I have sketched this form of scheme, not becausc it is the
best, since engineers will no doubt improve upon it, but to
show that the all-in cost of tapping this supply is compara-

‘herefore
tively insignificant, probably under f1o,0co, without the

zginning

direction distributing canals. Even with heavy canal costs this repre-
uld then sents an exceedingly low capital cost per acre.

shortest It is #s well to point out that a proportion of the water
i of the could be used for hydro-clectric power and still be available
1 length. for irrigation at the lower levels, It there were a market for
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it, as much as 2,000 kilowats could be produced with the fall
available, assuming that 50 cusees could be used for it

I feel that enough has been said on the prospects of using
Lake Chala to justify a close examination by qualified
engineers. Since the inter-territorial boundary crosses the lake
there will have to be consultation with Tanganyika Territory,
though none of the water could be used for irrigation on their
side of the boundary. There is, indeed, a good deal to be said
for a suggestion, which I believe is already in writing, for
cxchanging the Kenya half of Lake Jipe for the Tanganyika
half of Lake Chala, since Jipe is of litde or no value to Kenya
and Chala of little or no value 1o Tanganyika,

A diversion of the flood warers of the Lumi River

The suggestion has been made by the late Major Hughes
that the flood waters of the Lumi River, which in the past have
done considerable damage, might be easily diverted into the
watershed of the Tsavo River. He was good enough to show
me the site for this diversion, where the Lumi and the Njoro
approach to within 200 feet of each other.

To effect the diversion all that would be required is the
cutting of a channel of that length, through alluvium with
boulders distributed in it, and the placing of a plain boulder
weir across the Lumi which would pass all the normal flow
but defiect most of the Hood flow into the Niore, The cost
of such diversion works, using bulldozers, would probably be
under {2,000, Whether it is worth spending such a sum to
reduce flood damage is a matter for discussion, but when
water conservation on a large scale in the Tsavo valley is
contemplated this flood water would be a valuable accession
1o that watershed.

That there are likely sites for a large-scale reservoir is
abvious from the map, especially at a point about cight miles
west of Tsavo Station. Here the Tsavo River has a steady
discharge of about 100 cusecs and a floed discharge of up to
2,000 cusecs. As [ have never viewed the site nor the land
which would be served by such a reservoir, I can make no
further comment. It would, however, appear to be one of
the few places in Kenya where an irrigation project on 2
reasonable scale can be contemplated, especially as it is
adjacent to road and rail communications.

Onc gained the impression on this hrief visit that much
more attention might be paid to the Taveta area, both as a
food producing centre and as a settlement region for surplus
population. The present small irrigation schemes have
pointed the way for further developmens, which, while it can
never be on a grand scale, might do much to alleviate Kenya’s
problems of food production and congested areas. It will call
for a bold policy and considerable capital, but these are
required in zny case for any form of relief.
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6. UGANDA

i a vistr of little more than one week it was impossible to
obtain more than a general impression of the water resources
of the Protectorate. On the other hand, since I had conversa-
tions on the subject with many people, from His Excellency
the Governor downwards, and had as guide on my tour the
Director of the Geological Survey, the study was intensive
if brief. The impressions gained are therefore set down,
together with tentative suggestions for further experiment
Or enguiry. ‘

A visit to Uganda, after touring Tanganyika Territory and
Kenya and seeing their extremes of rainfall, relief and types
of people, produces a sense of contrast which is perhaps liable
to be overestimated on a short visit, especially one which does
not include Karamoja. One was apt to feel that, compared
with the rest of East Africa, there were no very urgent
problems as to water development nor any real lack of water.

It may appear to be a curious anzlogy, but the impression
of being on a Scottish moor, magnified a thousand times,
was strong throughout the first part of the visit. The
encircling hills of a moar became the giant peaks of Elgon,
Ruwenzovi and the Mufumbiro volcanoes, the shallow moun-
tain tarn was Lake Victoria. There was the same indefinite
drainage hither and yon of small streams in peat bogs
magnified to the scale of large rivers such as the Katonga and
the Kafu, flowing in two directions, and to the scale of
extensive papyrus swamps from parish up to county size by
Scottish standards.

This first and purely physiographic impression is not
without its value, though it faded as one became acquainted
with the people and began to appreciate their cconomic and
social probiems. In a broad way one may say that the uldmate
development of land in Uganda, omitting its north-castern
section, will depend on the control or regulation of its
drainage just as the crofter or gamekeeper improves his meor
mainly by cutting ditches and draining bogs, while if the
engineer takes a hand he will examine the prospect of his
mountain tarn producing power or acting as a highland
reservoir to water schemes at a lower level. So, at the Ripon
Falls at Jinja, almost anyone with 2 wuch of enginecring
imagination notes the mighty reservoir behind the useful
head of water in that series of falls and rapids and wonders
how long it will be before the increase of population will
demand an industrial cutlet for which the power is ready w0
hand, Large schemes such as these are the subject of other
reports and find no place here, but reference may be made
to very small power schemes for which, in the country as a
whole, there are a myriad sites.

One has only to think what the Chinese or Japanese, or
even 'the: Javancese, would do with such a wealth of water
running past their villages at such useful gradients. Those
ingenious and industrious peoples would have harnessed these
streams to their creaking water wheels for irrigation or for
grinding meal or for rough workshop power, and would
have terraced their hills for maximum production.

It is no criticism of the African that he has not done so,
for hitherte he has not had the pressurce of population, which
was one of the urges to the Oriental peoples. Such pressure is
inevitable in due course, and the time must be nearly ripe
when Eurepean devices might be introduced to the African,
such as the hydraulic ram, the small electric power unit, the
mill wheel, even the giant water wheel on floats, of the
Danube type.

Something of the sort is alrcady being done by individual
district officers who have that turn of mind, but it might be
considered more fully as a poliey of the Government to intro-
duce such things on at least a demonstration scale. A visitor
fs quite unhtted to decide upon such matters or suggest how

best such a policy should be carried our if approved,
Nevertheless, one may be bold enough to ask whether the
purchase and installation of such European devices is
perhaps not the only or even the best way of beginning. What
is needed most may well be appreciation of mechanical aids
of that kind and the crafesmanship to construct them in the
simplest forms, such as the overshor wheel or the use of
bamboos (or banana sheaths) for leading water where it is
reqguired. If that is true then the Department of Education
is just as much concerned as the P.W.D. or the Water
Development avthorities, It is perhaps not often realised in
Africa that it may be better to sacrifice some degree of
efficiency for the sake of a psychological advantage; that to
give or scil to an Afrcan an intricate mechanism from
Europe which works to perfection may not be such a real

advance as persuading him to make for himsclf some

“gadget " our of local materials which may be ineflicient
but is at least his own product and is fully understood by him.

If there is any truth in that suggestion, then what the °

African needs first from Europe is a supply of steel rods and
bearings and perhaps a few jgear wheels rather than the Jatest
turbines or dynamos or roller mills.

In Uganda, more than elsewhere in East or Central Afriza,
one feels that the African has reached a stage where he can
profit greatly by having his mind directed towards a fuiler
use for his abundant supply of water.

The Papyras Swamps

To anyone concerned with water resources the most struking
fezture in Uganda is the prevalence of papyrus swamps of
all shapes and sizes. These were to be expected in Sat swampy
places from a combination of a good rainfall and high tem-
peratures, but they also occur in valleys of considerable
gradient. This at once leads to the conclusion that in such a
climate the papyrus, with other swamp plants, must he
accepted as a really potent physiographic agent, capable of
causing large-scale changes in the topagraphy and one which
may be regarded on the whole as an asset rather than a
liability,

The swamps fall natorally into wwo categorics, namely,
valley swamps and what might be called basin swamps.
Since these have a somewhat different function and value
they wiil be treated separately.

Vailey Swamps

The valley swarmps are long narrow belts filling ¢he valley
bottoms, usually consisting of papyrus alone, but occasionally
mixed with other swamp plants and even a shrubby tree of
habit somewhat similar to the English alder.

They appear in their most striking form in the valleys of
Kipgezi. Here the high rainfall and the exceedingly high
relief of the country would lead one to expecr rapid rivers
in sharply-cut V-shaped valleys, Instead one finds very steep-
sided valleys with perfectly flat bottoms in cross-section yet
with steep lengitudinal gradients. All one can see without
closer inspection is a sea of papyrus filing the valley bottoms
like long green glaciers.

This most unusual topography seems to have been brought
about entirely by the growth of papyrus under optimum con-
ditions of rainfal} and temperature, The process doubtless
began by the occupation of the eriginal V-shaped valley
bottom by the papyrus, which thereby checked the flow of the
rivers, induced the deposit of siit, and grew upwards on its
sift and humus feundation till it formed a flar botom to
the valley, while maintaining its original slope longitudirally,
The occurrence of these long peat-filled valleys has been
recognised as of possible value, and recently 2 report on them
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was made by Mr. Griffin, formerly Director of Irrigation in
the Sudan.

T have not scen this zeport, but T helieve it contains recom-
mendations for experimental drainafge which are even now
being carried into effect. The fear expressed by some people
that 2 thorough drainage of these narrow valley swamps
might adversely aiffect the climate in Kigezi need hardly be
taken seriously. The mountains there usually rise to some
thousand or more feet above the swamps and can only derive
a very small fraction of their rainfalf from the transpiration
of the swamps, which occupy less than 1o per cent of the
total area.

There are, however, other reasons for draining the swamps
cautiously and in large blocks with virgin swamp between
them, as I believe is recommended by Mr. Griffin. The
pronounced gradient of these swamps invites variations in
the type of drainage according to the crops to be grown, the
lope of the sides, the incidence of tributary valleys and so
on. Thus, where the valley swamp is very narrow—under
oo yards in width--a central drain is probably the most
wseful, draininy the peat on either side for crops. Where the
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inefficient alley is broader, and especially where it dips towards the
o by him, entral line and has rcasonably flat original soil at the sides,
what the the treatment might be different,

rods and From the centre of the twamps drains would be led to the

the latest ides of the valley, runiing along them like irrigation

urrows, and so functioning for such crops as rice, draining
way inte a central ditch down the centre of the valley.

al Africa,
In such narrow swamps the ditches will be comparatively

re he can

5 2 fuller mall and therefore very easily blocked should undue erosion
ppear to be taking place. Provided that the sections drained
re not too long or steep, the flow should remain well under
ontrol.

s striking I believe that Dr. Worthington has recommended that

ramps of ccasional tanks should be excavated for the cultivation of

swampy fish for food purposes, These would be best placed im-

igh tem- ‘mediately above the blocks of original swamp, thus acting

siderabie ‘as a sump for the drained section above,

n such a There is no need to go into further detail on schemes

must be “which are obviously in safe hands already, but T would like

pable of ‘to express my Arm opinion that the drainage of these valley

.¢ which swamps is not enly easy and profitable bur it is not likely o

* than a cause any disturbance cither to the climate or to the hygiene

-of the country. They are so similar in most respects to the
namely, damboes and dimbas of Central Africa that the same general
swamps. principles of development would scem to apply.

d value The Basin Swamps

These broad stretches of papyrus swamp are characteristic
of the flatter country with a good rainfall, with special
development in a wide Liele from Lake Kyoga to the Kagera

¢ valley River. As a whole t be take jons of tt

sionally iver. As a whole they may be taken as expansions of the

trec of valley swamps, but on a scale far wider and with much lower
gradients,

I ¢ Their very size renders them rather difficult to deal with,

o 9 but they are essentially similar to the fenlands of England

y high v ¥ ¥ ! g

| rivers and the Net‘herlands, w1'th the important advantage that they

y steep- have a gradicnt and drainage can be by gravity ms}cad of by

fon yet pumping. They must ha\fe the same type of soil, possibly

vithout wu:l} a smallcz: silt lfractloln, as the valley swamps, and

ottonts obviously experiment in their drainage is called for since so

much potentially good land is at present occupied by them.

roral One might well regard these large swamps as valuable
ught i

o con- Yeserves for the future fievc[Opment of crop lands. It seems

ubtless likely that when experiments have been made a long‘-term

valley plan of dcv.clopment might b'.: drawn up, to the ultimate
£ 1l benefit of this farge tract of territory.

of the

on its The Sand Rivers of Karamoja

L0 I was unable to visit the north-eastern districts of Uganda,

inally. but their sand rivers were fully described to me by Dr. Davies
been and earlier by Dr, E. J. Wayland. I met similar features i
them other territorics, especially in the Bechuanaland Protectorate.

With a higher rainfall than occurs in the northera districts
of Kenya, the Karamoja sand rivers represent a source of
water which calls for experiment. The treatment of sand
rivers forms the subject of an appendix o this report.

The Porous Basin of Kisoro

In the extreme south-west of the Protectorate, this basin of
volcanic lavas and wiffs, with a population of some 30,000
people, presents a peculiar local problem. The rainfall is
good, from 20 to 4o inches, and fairly well distributed, but
the land is so porous that the natives are almost entirely
dependent on the lake for water. This means the transport of
water for domestic purposes for distances up to 15 miles.

I was unable to meet the District Commissioner, who Las
already made some interesting experiments in small apron-
catchments. These will, I feel sure, solve the problem when
some modifications in design arc made. As similar means of
catching a domestic supply may be of value to other districts
in Africa, I append a note on their construction, based on
experience in other countries.

Apron Catchments

The use of artificial catchments for storing rainwater is
restricted to somewhat unusual conditions. In the first place
the ground must be so porous that no natural catchment area
will serve, and secondly the rainfall must be faitly regular
and not seasonal, The actual amount of rain falling is of
less importance than its frequent occurrence. A few figures
as te the quantity of water obtainable by artificial apron
catchments wiil perhaps emphasise the latter point,

One inch of rain falling on one square chain—one-tenth
of an acre—produces about 2,000 gallons, which on the
Alrican scale is sufficient for 40 persons for 10 days, allowing
for some loss. If there is prospect of an inch or so of rain
per month in the drycr part of the year a small apron catch-
ment should be worth while, If there is liable to be drought
for three or four months ata time the area for treatment must
be so large that it could only be contemplated if very cheap
means were employed.

The very large and costly aprons used at Gibraltar and in
some parts of the United States need not be taken as normal
examples of this method.

Site and Preliminary Preparation

Any natural depression in the ground can be utilised, and
if it is half-saucer shaped, all the better. There is no advantage
in having a marked gradient in the apron itself, but it will
save excavation for the storage tank if the ground falls away
more steeply below the depression. This is more important
still if the storage is to be by circular galvanised tanks, which
must be above ground.

The preparation of the site is the same for almost all the
types suggested below. Vegetation and boulders must be
removed, the ground must be smoothed off and firmly
stamped and, if cement or plasters are to be used, the ground
must have a surface of “ murram ” or gravel well rolled or
stamped over it.

In all cases the actual apron must be fenced against both
animals and persons.

Mazerials

Of all possible materials for making the apron a concrete
made with portland cement is the best and most durable, but
for Africa it is practically out of the question as quite pro-
hibitive in cost. One square chain would require up to
3 tons of cement and, as we have seen, will not furnish a
supply for many people.

Fortunately, a lime mortar mixture will serve nearly as
well, provided the apron is made thicker, say 3 to 4 inches
on a very well-rammed foundation of rubble or “ murram ”
mixed with earth.

Boeth cement- and lime-conerete are porous and rough as




to surface, and since full advantage must be taken of every
passing shower, the zpron must have a waterproof skin, for
which there are several standard methods. A thin slurry of
neat cement or of fine lime mortar into which oil has been
thoroughly stirred to make an emulsion can be brushed over
the finished surface. If the oil is linseed or cottonseed it will
give a resinous and entirely waterproof skin when dry. Coal
tar brushed over the surface is an excellent method of water-
proofing, but may have to be renewed from time to time,

Probably the chief difliculty with concrete of any kind is
the necessity for expansion joints of some kind over such wide
expanses. 'The appropriatc method is to sink a lath abour
1 inch wide into the concrete when wet nearly through it
and to All the crack thus caused with pitch or asphait, the
joints being run in the direction the water will run over the
finished surface. In default of caulking material like asphalt,
it is suggested that weak ridges should be made as “ joints
every ten feet or so, the low ridges being treated with a Jath
as before, so that the cracks will form along them, but being
on ridges very little water will escape through then.

Bitumen or Asphalt Aprons

The principle is that of the tarred or tarmac road, but a
much cthinner application will do. If possible, gravel should
be rofled inte the surface first. If a proprietary surfacing is
used, the instructions with it must be carefully followed. If
plain tar is used, it must be applied hot.

Ovled Eareh.

In places like California the ordinary dirt road is sprayed
with crude oil and this makes a very good surface and sheds
water. Used engine oil, strained and applied hot, should give

Mo
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similar results and is worthy of experiment. ‘The oil companies
at Suez surface all their dirt roads with a by-product of their
refining, which should serve well if obtainable.

Clay Apron

Clay, ‘or better still, ant-hill material, is an excellent shed.
water. It should be laid either dry, well stamped and then
slightly watered, or puddled first to a thick consistency,
Cracks are less liable if it is laid dry and well rammied. A"
surface binder should improve its shedding and hold the clay
against heavy showers. Tor this I would suggest used engine’
oil as above. In many places this would be the cheapest:
methed, and if well Jaid should need only occasional repair.,:

General Notes
Whatever the material, it is essential to have an animal.
and man-proof fence round the apron.
A small ditch or furrow should be dug round the apron to
prevent excess water running under it which might cause
bursts or warping.
The shape of the apron is of no great impertance and
depends maiely on the contour of the ground. On the side
of a hill, for instance, it would have te be roughly V-shaped
to lead the water to the tank and have a slight bank or ridge
at the lower edge. The gentler the slope the less erosion of
the materizal.
Since people will be moving round the tank it is better to
build it separate from the apron and lead the water into it
by a short pipe or channel.
The catch of water depends both on the arca of the apron
and on its degree of waterproofing. In general, it is better
to cover a wide area with less impervious material than a
small area perfectly waterproofed.
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uE EXTENT oF swampland in East and Cenwal Africa is
emarkable. In the tropical regions, as elsewhere, a swamp
s the outward sign of arrested drainage, accompanied by a
ense growth of a peculiar type of vegetation which grows in
hallow water. The special characteristics of African swamps
re that they often have a pronounced gradient, they rarely
possess a visible barrier of rock or other cbstruction, and they
orm very quickly. These peculiarities of tropical high level
wamps are naturally all connected with the rapid growth of
egetation under the temperature conditions.

A varicty of names is used for these swamps. In Southern
Rhodesia and the Bechuanaland Protectorate the old Dutch
word ““ vlei 7 is used to include swamps, but it appears to be
‘a broader term than its Adrican synonym. In Northera
‘Rhedesia and Nyasaland the name " dambo ™ is universal,
It scems to be specially applied o the longitudinal swamps
which mark a large proportion of the upland valleys, though
occasionally used for flat, trecless areas which are not true
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better to swarmps, There are, therefere, damboes which are permanent
i into it swamps and others which could be used for pasturage, the

real distinction being a matter of water supply and drainage.
he apron Very extensive flats whicl receive annual flooding, such as
is better the Kafue flats and the Barotscland floodlands, are not
1 than a usually given the name of dambo, which in any case is

reserved in this report for the smaller areas of true swamp-
land found along the minor valleys and at headstreams.

In Nyasaland, an additional word, “dimba ™, is used to
denote a variation in the dambo in a way which is at first
- somewhat confusing. The Director of Agriculture in that
" territory took some pains to find out its precise meaning to
the natives by collecting the defiitions given by his local
“officers. The word “dimba' appears to denote a well
. drained dambo, and may even be used, as in the Lower Shire
flood plain, to describe the higher parts of a swamp which
permit cotton growing. Once fully understood, the term s
a useful one, expressing a functional distinction. Nor s it
difficult to remember the distinction if one descends to a play
upor: the words and defines a dimba as an inadequately
dammed dambo, or even a dim dambo, that is to say a less
swampy dambo.

In Tanganyika Territory the word “ mbuga” is used,
somewhat generally, for swamps, while in Kenya and Uganda
the English word is preferred and is applied to almost any
area of marsh land, without any discrimination as to degree
of drainage.

Tt should be clear that, except in the sub-arid parts of Kenya
and Tanganyika, the swamp is a well-cstablished feature of
the African landscape ard one which has a notable effect on
health, agriculture, water supply, and other aspects of the
African cconomy.

We need not go into detail as to the origin of these swamps,
except to emphasise the importance of two factors. The first
of these is the extraordinary rapid growth of water-loving
plants in the temperatures ruling for most of the year, and
the second is the frequent occurrence of heavy dewnpours
during the rainy season.

The luxurious growth of swamp vegetation means that the
arrest of drainage is often due almost entirely to the density
of the plants themselves and hence the gradient of the swamp
may be high. The heavy storms bring in a fairly Jarge amount
of silt so that the resultant soil has a free drainage yer has a
modicum of clay particles, much of which indeed remains
in suspension, so that dambo water is usvally slightly milky
in colour.

There is certainly room for research into the ecology of the

APPENDIX A

Notes on the Treatment of Swamps

swamp types of Africa, research which might well provide a
useful guide to the use of swamp areas, or at least some
correlations of " indicator  plants and their optimum con-
ditions as to soil, extent of flooding, etc. At present there
appears to be a good deal of confusion as to the significance of
the occurrence of certain well-known plants, such as papyrus
and phragmites, and there is at least as much uncertzinty as
to the appropriate habitat of others less well known. The
ecologist should have a good deal to tell the agriculturalist as
to the possibilitics of dambo development for crops.

It will be realised thar the African platcau swamp is
nature’s contribution towards the conscrvation of water
derived from the rainy seasom, and as such it has, in the
aggregate, a very vital effect on African life. In recogrition
of this fact it has been the general policy, in purely native
reserves at all events, to refrain from using dambees w any
large extent cxcept as sources of water for village use.  So keen
is the appreciation of its conservation value, and so real the
danger of wholesale interference, that in Uganda, the real
home of the swamp, there have been enquiries ordered into
the wisdom of draining swamps and using the Iand for cul-
tivation. A report has been made by Mr. Griffin on the subject
and consequently the suggestions made in this appendix are
not intended to apply to the Uganda problems, which indeed
were bur cursorily seen by the present writer.

It is easy to see that the wholesale draining of swamps,
supposing it could be done, might give rise to disastrous
and unsuspected consequences. On the other hand, level and
fertife land is rather rare on the African plateay, and if the
swamp Iand is to be left completely virgin and wntouched
an important source of food preduction is ignored.

The object of these notes is to suggest certain means by
which a middle course could be followed. It is admittedly 2
form of development which not only is beyond the powers
of the African himseif, but requires full control by autherity,
even under Furopean management, South Africa itself is the
awful warning against lack of control over drainage, but that
does not mean that all drainage is karmful or even short-
sighted.

Without going into excessive detail there are certain
characteristics of damboes, as found in Central Africa,
probably applicable also to East African cxamples, which
must be mentioned since both their value and their treatment
depend on those qualities.

Naturally the amount of water held by a dambo depends
on its size and its gradient. Thus there are damboes which
regularly run dry on the surface and others which, even in
the most severe dry seasen, retain water at some level or other.
In general, they must held water for a long period to provide
the conditions for the aquatic and marsh plants which grow
on the dambo,

The refation between what one might for the moment calt
wet damboes and dry damboes is well shown by the larger
swamps, such as the Kafue Flats and the Bangweulu
Swamps. Here there is a fairly well defined zone of grass-
land round the wet swamp, the grass being eaten down by
game as the flood waters recede, or grazed by cattle. These
large-scale examples must be paralleled in some degree or
another in the smaller swamps, that is to say there is,
theoretically, a grass zone to cach one of them, which is too
wet for tree growth but too dry for aquatic growth. It is
clearly possible to increase or decrease that grassy zone by
drainage or by blockage, remembering that the grassy zone
can atso be a scasonal crop zone. Breadly speaking, one may
require to increase the water in a dry dambo or decrease the




water in a wet dambo, so that development is concerned both
with drairage and with blockage, the former being, in
general, much the cheaper.

Another characteristic feature is the soil, which according
to circumstances may range from an almost true peat through
many degrees of humus content to a dark loam. These dambo
soils arc often described by a term in general use, “black
cotton soil . The name may be convenient, but is not very
exact, since it refers more to its consistency than to its agri-
cultural value. Dambo soils may range from the highly
cultivable types of limestone districts, such as Lusaka, to salt-
impregnated soils as in parts of Barotseland, or to highly acid
types in granitic country. Their depth will naturally vary
according to the size and age of the dambo, while their sand
content will depend upon the nature of the watershed supply-
ing the stream and on its relief. A dambo soil should,
however, always be better than the ridge soil above i, for
its content of hunius, its comparative freedom from termites,
and its free draining propertics.

The question of the actual amount of water conserved by
damboes is clearly important, yet it is hardly measurable,
particularly as there are so few reliable figures for evaporation,
1t may be taken that the loss by evaporation from a flooded
dambo must be considerably in excess of that from an
equivalent area of open water. Once the surface water bas
drained into the peaty soil the relative loss must be much
lessened cven though it may still be transpired in quantity
by the leaves of the plants. One may at least say that a
cultivated dambo soil will lose less by evaporation than under
natural conditions and that as far as useful effect is concerned
the gain by a measure of cultivation must be clear.

The argument concerning the judicious development of
swamps therefore runs somewhat as follows. The natural
swamp holds up water from rapid run-off, but foses & rather
large amount to the atmosphere without giving any return.
A completely drained swamp would render available con-
siderable land for preduction of the seasonal type, but
would tend to make the streams issuing more intermittent
than ever. A middle course should permit both aims to be
pursued in part, that is to say, a reasonable check to rapid
run-off and the use of more productien land of fairly high
value,

It therefore remains to be considered what means of
development should be followed, and for this question there
is a certain amount of experience, successful and otherwise,
already available. It must first be emphasised that such
development should be injtiated by authority and be preceded
by experiment.

It will be noticed on the map on page 39 that the dambocs
towards the headwaters of streams are usually larger than
those in the valleys proper, These headwater damboes
neced careful trearment since they are a safeguard against
headwater erosion, but they zlso have more valuable land
op, account of their extent and position near lines of
communication.

The dambo at Ndola is a good example and one which
has acquired a certain notoriety for its effects on the town,
Like all damboes, and unlike the typical fens of England and
Holland, thesc headwater examples have a wvery definite
gradient though it may be less than those in the valleys.

In both instances this gradient decrees that all develop-
ment must be of 1 stepped type; a high level should never
be allowed to drain freely into a lower level, nor should any
ditch be dug at such a gradient as to invite erosion of its
bed. The pattern of drainage will therefore depend very
much on the general gradient of the dambo.

Thus, for one with a low gradient, the normal herring-
bone pattern may serve, with a cenfral drain. In this case
it would generally be advisable to “step ™ the pattern by
leaving a fairly broad belt of the original swamp across the
dambo at suitable intervals, with a receiving tank or fsh
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pond above it. Even so the ditches will tend to bring
certain amount of silt into the pond during rain storms.

This central drain pattern would on the other hand b
uscless for a dambo with a pronounced gradient, since thy
drain would rapidly erode the beds and end by completely
draining the swamp, which is not the object of the develg
ment, The aim in such a case would be to lead the wage
away from the centre towards the sides by drains whick
practically follow the contours and have a very low gradien
These drains may terminate in one of two ways, They may
empty into fishponds near the side of the dambo with ;
zone of virgin swamp growth below them, whence the
water will seep back into the next section. If that be
inconvenient the drains may be continued into the slope af
the side of the dambo (as shown on the lefr side of the
diagram}, emptying into a furrow leading down the side of
the valley, like a storm-water drain, and serving any
required purpose, such as watering points for villages, or
even small reservoirs for minor irrigation back into the
dambo-land.

With this' pattern the contral of the water can be made
almost absolute by censtructing small sluices at the points
where the drains reach the furrow. Under such a system ¢
the dambo will still tend to serve its original purpose of
conserving water yet, being under control in sections, the
land can be put to seasonal use, draining the water at the
end of the rainy season and holding it up towards the end
of the dry season.

A combination of the two patterns may be advisable in &
very wide dambo, the sides being laterally drained and the
excessively wet centre being centrally drained,

There is a third pattern of drainage which deserves some
consideration and experiment, which may be called the Z or
zig-zag pattern, The object of the whele scheme is to free
the dambo soil of excess water yet to conserve as much as
possible and ar ail costs to aveid erosion. This may be
attained by running the drains in a zig-zag pattern back and
forth across the dambo, always at a gradient too low to
cause erosion,

Ponds could be left at the middle porton of each limb
of the zig-zag and probably it would be as well to leave a
belt of original growth on the downstream side of each
limb. The reclaimed parts of the dambo would then Le in
the form of wedges pointing in alternate directions.

A point of practical importance is the setting out of the
ditches for these patterns. Te will usually be quite out of
the question to arrange for, much less pay for, a thorough
contour survey of a dambo by professicnal surveyors, and
in most cases it is not necessary. In special circumstances,
such as that of the Ndola dambo, where land values, urban
amenities, etc., come into the matter, a detailed survey is
no doubt desirable. In the more normal case no such
expensive accuracy is really needed, and one or more of the
tricks of field engineering practice may be followed.

These vary from the very sound if primitive principle of
digging small trial ditches and secing whether the water
will flow, to any system of setting our boning rods based
on the level line given by any standing water. A general
preliminary in any case is fo set up a few transverse lines
of tall poles across the dambo wherever standing water
gives a level and cutting them off at an equal height above
that Jevel. Each iine of poles will be at a different level from
the others but subsequent connection can be made if the
actual gradient be required.

It follows that the best scason for setting out by rough
and ready methods would be just at the end of the wet
season, when there is standing water and when trial ditches
will show the direction and rate of Bow. For setting out
by purely instrumental means the end of the dry season
would he best, when access Is easy and much of the growth
can be removed by burning or cutting.
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The uppermost and the lowest sections of the dambo
ould be left in ctheir original state, the upper zone t
event undue washing in of silt from upstream and the
pwer to prevent scouring of the bed by the issuing streamn,
hich in the rainy season will be receiving more water than
did before the development scheme Legan.

The value of the ponds is not confined to that of providing
source of protein food, and since they are likely to be the
ost expensive section of the work, more should be said
bout them. Their additional purposes are to localise the
ter, to provide water supplies for man and stock late in
the dry scason, and, as far as possible, to reduce the habitat
f the malarial mosquito, They should therefore be fairly
ep sided, be three feet deep or more, be kept clear of
rrowth and yet be reasonably accessible. Of these desiderata
srobably the most difficult would be to keep phragmites,
apyrus and other deep-water plaats from establishing
~thernselves; in other words maintenance is necessary. The
poil should be thrown out on the downstream side of the
oond, both to increase its depth and to render that side
more impervious by compressing the peaty scil. “Irial holes
culd always be sunk to ascertain the depth of the dambo
oil, and if the layer below it is porous the tank must not be
o deep as to reach ir.

Methods for developing the lengitudinal or valiey damboes
re bascd on the same general principle. Experiments in

the treaunent of steep valley damboes, dimbas to be precise,
have already been carried out in Nyasaland, In a typical
case seen by the writer the swamp proper was only about
15¢ yards in width and the pattern was that of the ceatral
herring-bone, The result in crop production was excellent,
but the impression given was that the gradient of the central
ditch was too high and needed special safeguards against
erosion. Belts of original swamp were being left at intervals
down the vailey and in every respect except that of flow-
gradient the scheme scemed to be a model one,

It will be for the agricultural officers to decide upon the
crops to be grown on the land freed for cultivatdion.
Obviously rice is a possible crop under the circumstances,
though there are two factors to be borne in mind. Dambo
soil is really very porous and it will be difficult to ensure
that the paddy can be kept flooded for the requisite length
of time. Sccondly, paddy fields give optimum conditions
for the malarial mosquito.

Perhaps enough has been said to show that the extensive
damboes, particularly of Northern Rhedesia, have not yet
received adequate attention, and that their development
need not be a costly venture. At the same time the
suggestions made require experiment, based as they are on
modifications of existing practice, in which the drainage has
usually been made w00 wholesale and the ditches too steep

as to gradient.

Qv




APPENDIX B

The Treatment of Sand Rivers

IN ALl ARID countries where the rainfall comes rarely but
in heavy outbursts, the rivers run for a few days or even a
few weeks on the surface bringing down sand with their
fioed, after which the water under the sand seeps gradually
down the valley and finally disappears into whatever
drainage basins are available.

In Africa these *sand rivers " are especially well devel-
oped in the Bechuanaland Protectorate, where the Kalahari
sand fills the river beds often to the depths of from 20 to
40 feet. They occur to in certain districts in all the
Territories I have visited, where the conditions are suitable
for their formation.

They are naturally a standerd source of water for the
inhabitants, who know best where o dig holes in the sand
to find the best supply. These places of course are where
a rocky bar or other natural obstruction has prevented the
seepage from going on too fast. The sub-surface dam or
barrier s merely a method of providing such obstruction by
artificial means. The following notes represent an attempt
to collate evidence as to the nature of sand rivers and to
suggest means by which sub-sand reservoirs may be cons-
tructed without undue expense.

The regime and structure of Sand Rivers

Since the metheds advised are based upen the nature of
the sand river and its origin a preliminary note is necessary.

To watch a flood coming down a sand river is an instruc-
tive sight, especially when the rain preducing it has failen
upstream and the sand is dry. The floed usually appears as
a small wall of water carrying at its front the light flotsam
of twigs, leaves and rubbish which has accumulated on the
sand bed during the dry scason, For the first few minutes
of its passage there is a strong appearance of boiling which
is due to the escape of air from the dry sand as well a5 ©
the inidal smoothing of rough places in the sand. The
water is usually much too muddy to allow ore to sce what
is happening to the sand itsclf, but from other evidence it
can be deduced that it is in motion to & depth which is
dependent on the velocity of the water and on the number
of obstructions, ‘Thus in a steep and perbaps rocky gorge
possibly the whole of the sand is in motion, whereas in Jong
stretches of even gradient it is rarely disturbed for more than
a foot or so in depth. As the flood steadies and if the water
runs clear, the rolling of the sand over its bed is easily scen
to be enly in the wp inch or so except where eddics are
formed by obstruction, Where these obstructions are of
farge size, such as a boulder or a causeway for a road, the
wate;;‘ will scoop holes in the sand, and when the food
disappears these holes will contain water and are those
which are first used by the nadves.

The flood water is always muddy in its earlier stages and
though most of this is in true suspension and passes down
without sewding, & certain amount is caught between the
sand particles and each pool left after the flood has subsided
has a smallf skin of mud drying on the sand. A pit dug in
the sand will therefore disclose small lenticles of clay, but
these are always limited in extent and never scal off the
bottom layers of sand completely., This clay in the sand
means that the water taken from a sub-sand reservoir will,
at first, tend to be muddy, clearing by degrees.

The porosity of pure sand is about 30 per cent, and
slightly less for a normal sand river. Consequently when
fully charged the sand behind a sub-sand reservoir will held
up about one-quarter of its own volume of water.

As described above, the water left in the sand, after the
surface water has run away, slowly seeps downstream and

82

disappears. Its rate of scepage nawrally depends on the
gradient and on rthe resistance of the sand, which is largely
a matter of the size of the particles. It follows therefore
that if we can in any way decrease the gradient locally or
increase the resistance of the sand to seepage, the water will
cscape more slowly and therefore be available for use over
a longer period. This is the principle of sub-sand barriers,

Sub-sand Reservoirs

Provided that they can be constructed cheaply there are
many advantages in this form of conservation.

The water is almost completely shielded from that bug-
bear of all surface dams in arid climes—evaporation. The
degree of protection depends on the size of the sand grains.
If it is coarse the escape of water by capillary action to the
surface will not occur beyond a few inches. Even with fine
sand there will rarely be any cvaporation below 18 inches
or two feet.

The water is well protected from contamination by
animals or decaying vegetation. Morcover it is to some
extene filtered as it passes slowly through the sand to the
wellpoint.

The amount of water held by any one sub-sand reservoir
can very casily be augmented by constructing cheaper serni-
porous barriers upstream which will slowly feed the main
reservoir.

The reservoir can make use of comparatively brief showers
which run quickly into the sand and add to the supply below
the evaporation level.

Choice of Sire

The best conditions for a sub-sand reservoir are easily
set out. ‘They are a good depth of sand, a low gradient of
valley and an impervious bottom. The broader the sand
river the greater its capacity. In fact one searches for what
in a full river weuld be long reaches of quiet deep water
such as are sought for surface reservoirs,

It is not much use choosing a site with sand less than
four or five feet in depth unless the gradient is very low.
On the other hand a shallow depth of sand can sometimes
be increased artificially by piling large boulders on the sand
to form a sort of weir. At the first flood these will work
down to the bottom by themselves and if Ligh enough wil!
hold up the sand o a greater depth than before.

A low gradient is important not only because it increases
the capacity but because the foods will not disturb the sand
bed so deeply in their passage. For the same reason one
would avoid a strewh with many protruding boulders.

For the nature of the bottom and the sides of the sand
rivers one must take what one finds, yet on account of their
origin they are usually found either in rocky valleys or in
material which is at least much less porous than the sand
of the river. Likely sites are those used by the Africans for
their temporary water holes, since by long experience they
have sclected places where some natural barrier below the
surface has checked the seepage. In general, given a reason-
able depth of sand, common sense will select & suitable site
without much difficulty.

Construction Methods

There is a wide variety of modes of construction for sand
river barriers avaiiable, some of them tried, some a proper
subject for experiment. These will be described briefly from
the elementary types suitable for native use with focal
materfals up to the advanced types using the materials and
the machinery of the engincer. Their efficiency and their
cost will naturally rise in the same order,




Clay Barriers

The most natural method of placing a barrier across a
sand river is to dig out a wench in the sand and replace it
with impervious material.
There are 1wo reasons why this, while possible, is not as
simple as it sounds. Cne is that if the sand is absolutely dry

ds on the a very large amount of sand must be thrown out to open
is Iﬂrgely A trench to the bottom. The seccond is that if the sand is
therefore wet there will be trouble with water in the trench. Both
locaily o pbstacles can be circumvented to a certain degree. To

prevent excessive falling-in of the sand a double line of poles
is driven in for a foot or so close together outlining the
rench to be dug, about 2 or 234 feet apart across the sand
bed. As the sand is thrown out the poles are driven further,
tways a foot or so ahead of the digging and reinforced if
ecessary by struts from one side to the other. If water is
eached the poles alone will not check the sand fowing
nto the rrench and they may have to be reinforced with

water will
T use over
| barriers,

there are

that: bug-

ion, ’J"hc matting, palm leaves or other material,

1d grains. If the trench is dry, or nearly so, to the bottom, as will
on ta the sually be the case for sand less than so feet deep dug at
with fine the end of the dry season, the filling in with clay is easily

18 inches one. Ant-bed material is casily the best material, but other

types of clay or fine soil if well stamped and todden will

ation by erve. The material is added in layers, cach of them well
to some rodden or rammed. The poles are withdrawn as the filling
d 10 the oes on as they would cause eddies in the Arst place and

' limately come to the top disturbing the clay barrier as
reservoir they worked up, The filling is stopped at a level abour two
Jer semi- cet or less from the original surface, the remainder of the
he main rench being Llled in with the original sand and levelled off.

If the trench reaches water in any quantity beyond the

showers cope of baling the barrier can only be a partial ore but it
ly below an still be very effective as will be shown, In that case the
sand will be removed to the limit imposed by the water,
say two or three feet below the water surface, and the clay
. . thrown in and well puddled with poles, finishing off as
e casily before.
.{?;m;;nod[ © The result will be a perched or hanging barrier which
or what does not reach the bottom al}d does not really seal the su‘b-
p water surface dan}. If such a hanging barrier were constructed in
a normal river the eflect would merely be o hold up the
s than water slightly and produce a powerful scour under the
iy low. barricr. The laster eﬁcct. will not oceur under the sand
Tetimes bar.rler because the sand is too tightly packed to transmit
he sand fluid pressure to any sxgmﬁcant‘amount. In more scientific
I work Ianguagc. the rate of seepage is dependent more on the
gk wil cross-sectional area for escape than on the head of water.
It will therefore act as a partial blockage of the scepage,
rcreases Further there appears to be a progressive scaling of the
he sand sand ‘undcr the barrier which may be due to the gradually
on one worku}g down of some of.the clay. o ‘
ot - In view of these dlfﬁcuit:ﬁcs with water it is lohlvmusly l?cst
e sand to select the very dryest dme of year for building barriers

:in this way.

of thc.xr For such simple, native-style, reservoirs, the water with-
s or in . L
) - drawal point should be some yards above the barrier ftself
e sand :
ans for an'd can 'ha_rdly be expected to be permanent, as the flood
¢ they will fill it in cach year. Tt can i)c'madc semi-permanent,
e the however, by lmlr‘xg the ‘ﬁrst hole with heavy poles or tree
reason- trunks, not reaching quite o the surface, The hole will be
ble site cleared out cach year with less difficulty than in virgin sand.
As doubts are often expressed as to the permanecnce of
such a thin clay barrier we may consider the factors which
threaten it. 'We can at once exclude pressures since it is
r sand supported on cither side by the sand, and the water pressure
proper under seepage conditions is negligible. We are left with
7 from disturbance as the only other likely canse of destruction,
local This may occur as the result of a monster food which may
ls and disturb the sard to a depth reaching the clay barrier. Logs
{ their brought down and half submerged near the barrier may

cause local eddies which may reach the clay. These and

other somewhat fortuitous events may displace the upper
portions of the barrier but cannot affect the lower part,
which can be accepted as quite permanent.

It will be recognised that loose clay is not the only
material which can be used for the barrier iself. Anything
which wiil delay scepage will serve in some degree. Under
certain circumstances closely driven stakes may be the only
material avaifable, while under others air-dried bricks
(" Kimberley bricks ) or even baked brick can be used to
save material. These could be bonded with clay.

It will be noted that the main difficulty is nearly always
the excavation, either with or without the hindrance of water
seeping into the trench.

Mezal Barriers

These represent a method of construction calling for
imported material but using ordinary appliances. Corrugated
iron shects are an obvicus form of sheeting to use, but
anything heavy of sheet or slab type can be dealt with in
the same way. The general procedure is to place the sheets
vertically on the sand across the river, overlapping slightly.
The sand is ther dug from under the sheets which sink
at first by their own weight and later by applying pressure.

For any depths below cight feet it is almost always
necessary to provide a sccond line of poles, or temporary
sheeting to provide against the sheets slipping forward
into the trench, though there is ne virtue in their being
absolutely vertical.

The sinking of the sheets is very much simplified if a
small force pump can be had, even a hand pump of the
stirrup type used from a bucket. If the jet be dirccted at
the sand at the bottom of the sheet which at the same time
is tapped from above it will work down fairly easily for some
inches. The damp sand is then removed nrearly to the base
of the sheet and the process is repeated.

The final development of such sinking of sheer metal is
reached by using one of the various designs of steel ** sheet-
piling” used in the construction of cofler dams. These
interlock and can be made watertight. They can be driven
by hand hammer or by pile driving machinery, In sand
their rate of driving can be much improved by using a
force pump directing a jet at the driving point.

Such a development however belongs rather to the next
scctionn and in any case is an expensive form of barrier,
hardly to be considered except in the unusual case of con-
serving water for a town supply.

Grouting Methods

These methods will normaily be found the most satisfactory,
and though they cntail the use of engincering appliances
these are practically limited to force pumps of small power
and in mobile units,

The method of grouting under pressure, usually with
cement slurry, is a standard practice in civil engincering
and the only problem is to apply it in the simplest way to
sand rivers,

The appropriate method is to sink the pressure pipe
through the sand to the bottom and then to pump the
grouting mixture down it, slowly withdrawing the pipe at
the same time. The grouting penetrates the sand round the
pipe leaving, when sct, a watertight pillar from bottem to
top. 'The sand barrier is completed across the river by a
series of such * piltars* abutting against each other.

The best method of sinking the pipe in the first instance
is to use a force pump to give a hydraulic jet, The Jower
end of the pipe is slightly bel! mouthed so as to give a jet
rather wider than the pipe. The upper end is connected to
the pump by fexible piping, the pump drawing water from
any source available. The pipe is then set upright in a hole
in the sand about two feet deep and the pump wrned on.
The pressure of the jet disturbs the sand below the pipe and
drives it with the expelled water up the cutside of the pipe




into thé hole, With a Hutle hand pressure the pipe wilt sink
into the sand at rates up to a foot per minute, according to
the pressure behind the jet

The pressure required for the grouting mixture to permeate
the sand round the pipe is small, The specific gravity of a
grouting mixture of clay or lime or cement fluid enough
to pour casily from a bucket is from 1.5 to neatly 2.0. It is
therefore heavy encugh to push the water already in the
sand from between the interstices provided the head is at
least the same as in the sand. In the case of cement grouting
in particular the process would be o slow without some
extra pressure as the cement begins to be ‘killed” in from
twenty minutes to one hour.

The rate of penetration and the pressure required for 2
reasonable rate depend on the grain size of the sand, and a
certain amount of trial would have 1o be made with the
sand of the river being treated in order to find the appropriate
pressure. Normally this would be applied by peuring the
grout into a pipe extended above ground level, but no
doubt in fine sand it might be necessary w pump the
grouting in. The amount required for a given thickness of
the grouted column is easily calculated. For a column one
foot in diameter it s about one-quarter cubic foot of grouting
per foot depth, or about 10 per cent of the volume permeated,
in terms of dry clay, lime or cement. If we apply these
proportions to a sand river rco feet wide and average depth
of 10 feet it means about five tons of dry material for a
“wall? of columns, one foot in thickness, and reaching o
within one foot of the surface. It is of interest to note that
in such a sand river, if it had a gradient of five feet per mile,
a sub-sand reservoir would impound about five million
gallons. Of this theoretical volume at least two million
gallons should be available, allowing a wastage of 6o per
cent by leakage.

The right pressure as well as the best mixture of the
grouting material is largely a matter for experiment, as also
is the rate at which the pipe should be withdrawn so as to
permeate the sand with the grout to a suitable diameter.
The grouting is stopped within a foot or cighteen inches
of the surface. ’

The process is thus exceedingly simple, more or less
continuous and comparatively cheap.  Variations in the
general method will readily occur to any engincer to suit
different circumstances. Thus for depths of sand of the
order of six feet an ordinary deuble-stirrup hand-pump
worked by two ‘boys' would probably provide sufficient
pressure o sink the pipe, which should have small
perforations in its walls for a foot or two above the jet
orifice to allow the grouting access to the sand.

We may now consider the materials to be used for the
grouting. Cement grout is net necessarily the best though
it probably gives the most durable barrier. It use is well
understood and it is hardly necessary to add that iv must
be used freghly made and at a consistency which will penetrate
the particies between the sand grains to a suitable radius.
The resulting barrier will not at first be absolutely imper-

for reservoirs or in mines, but it has not been used for
sub-sand reservoirs so far as I know. To that extent it i
an experimental material, It is usually used in a sluryy,

from 8o to 120 per cent of water o weight of clay, ang

with suitable pressures can be made to penctrate sand many
feet from the point of delivery. It should be as fine a5

possible and if the original clay contains any sand it mug |
be clutriated, that is to say puddled in water and the over.

flow in suspension allowed to setde, Antbed would again

be the most useful source, but since this contains some

larger pardcles it would have to be sieved and possibly

clutriated, The deposit of fine clay 0 be found in pans i

another promising source,

The clay particles, though penetrating the sand intimately,
will not ser as does cement or lime. This may affect the
durability of the barrier to some extent but not its impervious
propertics. Nothing but large scale experiments will setde
these points, '

From these better-known materials we now turn o two
unusual substances for which I have no data in this con-
nection and which call for experiment. The first is tar or
any other liquid form of pitch or bitumen such as is used
in binding road surfaces, Grouting with such materia}
would hardiy need any pressure since it is a fluid with no
particles in suspension, In dry sand its penetration and
sealing would undoubtedly be excellent, as in the surface
grouting of roads, especiaily if it can be applied hot. My
doubt is as to its performance i wet sand—the usual case.
Theoretically it should, under steady pressure, drive the
water between the sand particles in front of it, but in practice
it may leave gaps in the scaling,

The final suggestion is that of a chemical sealing which,
though it has been tried in various situations, notably in
Germany, is as yet in the experimental stage. The principle
behind the methed is the formation of silicates between the
grains of sand which will form a matrix. Such a matzix
would not be very strong but it should be watertight, Water
glass (sodium sificate) would almost certainly preduce the
desired effect, and it is not unduly expensive in the dilutions
which would be used. A more fruitful line of experiment
is in the use of two separate solutions, impregrating the
sand first with one and then with the other, the chemical
change to form a silicate then taking place in situ. Sodium
silicate followed by caleium chloride would be one such
combination,

The only advantage in such chemical methods miglt be a
very real onc in that they would require no pumping or
piping. Twin troughs would be dug across the sand and
the appropriate solutions poured into them to be allowed to
impregnate the sand to the bottom, the chemical inter-
action taking place slowly where the impregnations meet
cach other,

The Stepping of Sub-sand Rivers
The amount of water held in such reservoirs, being about
one-quarter of the sand held back by the barrier and below

, /
A / L3

izs top, is liable to be slender unless the sand is deep and wide.
There is a very simple way of adding to the supply which
is perhaps worth mentioning.

If, at distances governed by the gradient, a series of more
porous barriers is placed above the lowest one, these will
cach hold up its quota of water to begin with and release it
slowly to augment the final reservoir. This is most necessary
in small sand rivers of the order of six fect depth of sand
and 20 feet wide. In such cases the upper steps would be
made in the cheapest way possible merely by shovelling a
trench across, putting in clay and puddling it as far dowa
into the sand as poles would take it. The slight abstruc
tions to seepage thus formed would produce a delay in the
rate and continuc to reinforce the lowest reservoir for an
appreciable period.

Lest it be thought that the amount of water conserved

&
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vious though it should be sufficiendy so for practicai
purposes.

Comparatively small quantities of cement are used in the
process, but it is expensive and has to be transported to the
site, so we turn to materials which are cheaper and closer
to hand or easier to transport.

An obvious aiternative is a slurry of slaked fime. It will
of course take a longer time to set than cement, and it wili
not be as impervious to begin with. On the other hand as
it is cheaper more can be used or a double row of * pillars’
could be set.  Though it is slightly soluble in water, its
durability would not differ greatly from thar of cement
since there would be little movement of water near it

The cheapest material of all, and one which may well
prove the most satisfactory, is clay. There is nothing new
in clay grouting which has been used for sealing foundations
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sand rivers is insignificant, we will conclude by working
ut the storage for a moderate size of sand river.

Let us suppose that the river is 30 feet wide with a 1o feet
ean depth of sand, and a gradient of 1 in 500,

The effective height of the barrier would be eight feet
nd the throw back would be 4000 feet. The volume of
ater-bearing sand would then be 480,000 cubic feet, of
hich one-quarter—120,000 cubic feet or 750,000 gallons—
ould be water. This is actually a conservative figure
ecause the hydraulic gradient of water in sand is not a
vel fine, that is to say the surface of the water-bearing sand
ill, for some time, be nearly parallel to the actual surface
f dry sand.

The corresponding capacity for a small sand river, 4 feet
ecp, 15 feet wide, and with the same gradient, would be
tile short of 60,000 gallons, an amount which would water
00 head of cattle for three months.

Methods of constructing sumps, settling tanks and even
phons for use with sub-sand reservoirs have been studied
y Dr. E. J. Wayland, formerly Director of the Geological
urvey of Uganda, Designs by him will be found in the
cological reports of that Protectorate.

It will be seen therefore that, while the general principle
of conserving water in a sub-sand reservoir is well under-
steod, there is much to learn as to the best practical method
in the circumstances obtaining in Africa,

1T 13 1MpoOsSIBLE for me to express my thanks adequately
tor all the heip and hospitality which I received during those
active ten months. All I can do is to record with grattude
the reception I was given by everyone from Their Excel--
lencies the Governors of the different Territories down to
the most junior members of their staffs.

Naturally T am particularly indebted to the Secretariats,
who arranged the details of my journcys, and to the Heads
of Departments who gave me interviews and access to
information with the utmost willingress. I would like to
make special reference to the kindness of a great many
administrative officers at their ‘bush’ stations, whose
routine I must have grievously disturbed, bur whose hos-
pitality was instant and whole-hearted.

I hope that the technical officers who accompanied me on
ndividual journeys will regard this report as partly theirs,
since a great deal of it is due to their guidance and to their

It is strongly recommended that trials should be made, at
first on a small scale, by the authorities responsible for
water development in the various territories. These trials
should be accompenied by such experiment as the conditions
permit. PFor instance it is of some importance to find the
rate of patural scepage for a given grade of sand, gradient
of river, etc. This would best be carried out by digging two
holes down to water level, one of them a few yards upstream
from the other, Fluorescein or eosin dye poured into the
upper one will make its appearance in the lower one in due
course, giving some data on the rate of secpage. Similarly
the depth of the water table in sand beyond which there is
no capillary rise to the surface and consequently no Joss by
evaporation s a figure of fundamental value in siting sub-
sand reservoirs elsewhere.

The efficiency of any sub-sand barrier should also be
proved cither by some record of the amount of water with-
drawn or perhaps equally welt by sinking an open pipe into
the sand below the barrier and comparing the depths of the
water table above and below during a dry season,

Possibly the best procedure would be to select a likely
small sand river for experiment and t get an engineer o
make trials of different methods at different points along
the river. His report would then become the basis for large
scale development of the methods he found most suitable
for the conditions in that territory.
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