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SLIMMART

The Hydrological investigations of the "Rufiji Basin Survey" (RES) cover
approximately 5 years, 1955 to 1960. During this period information was compiled
on runoff, suspended sediment load and quality of river water, on evaporation, rain-
fall and other purely meteorologioal conditions.

No hydrological research bad previously been oarried out in the area, and
with the exoeption of some rainfall data no records were available on hydrologioal
matters. The investigations had, therefore, to start from soratoh.

The survey was faced with poor economy and in the first years with troubles
of getting sufficient qualified staff. Pew all weather roads were in existence
in the area and it was very difficult to get adequate reoords compiled and to main-
tain a olose check on field work at all times of the year.

Rainfall maps were drawn for 19 years and the rainfall was compared with
runoff for a oalibration and better evaluation of these data. Runoff was cal-
oulated at 49 stations. Altogether 65 river gauging stations and 10 meteorolo-
gical stations established by RBS were in operation at the end of the Survey in
1960.

The hydrological conditions of the Basin are discussed in separate chapters
of this report and water control is discussed in brief for the Main Rufiji and for
the Great Rushee, Kilombero and Luwegu tributaries.

The hydrological work forms the subject of Volume II of the Rufiji Report
and is entitled "'Hydrology and Water Resources". It is divided into three parts.
Part I contains the General Report on Hydrology, Computations and Analyses.

Part 2 contains all Basic Data Rsoords on river gauging obtained during time
of survey. The records are thus preserved from loss and other epeoial analyses
can be carried out if and when required.

Part 3 contains 22 maps of which Map No. 1, Hydrologioal Key Map, No. 2,
Frequency, Monthly and Geographical Distribution of Observed Rainfall and No. 3,
Runoff tap, are of particular interest.

It is obvious that a oomprehensive hydrologioal knowledge of the Basin can
not be obtained in 5 years. It is, therefore, essential that the hydrological
investigations continue for many years to come. The Survey has by 1960 been
entirely taken over by the Tanganyika Government, and the Water Development and
Irrigation Department, which showed a great interest in the Hydrological researoh
is now carrying on with thp Rufiji investigations with good foresight and enthus-
iasm.



1. IVTRODUCTION

The Hydrological Section of the Rufiji Basin Survey commenced its
activities in September-1955 as a branoh of a more widespread research on the
possibilities of future development in this river oatohment. The plan was to
carry out an intensified survey covering a period of approximately 5 years, and
to submit a report by 1960 on the results which were obtained with recommendations
for further studies and development.

River gauging was an innovation in this area, the first gauging posts
being established by the Water Development and Irrigation Department late in
1954. The number of stations have since then steadily increased, and by the
end of the survey in 1960 regular observations were received from 65 stations.

It is obvious that a fully comprehensive hydrological knowledge of the area
oannot be obtained in such a short time and, therefore, the hydrological investig-
ations must continue for many years to come. The information given in this report
is by no means final. Conclusions sometimes derived from a rather fragmental and
meagre source of records, will have to be re-adjusted when more records become
available and additional studies will have to be carried out on some problems before
reliable conolusions can be given on all matters connected with the hydrology and
water resources of the Basin. It is hoped, however, that the results obtained
during 5 years of survey will provide some important and basic knowledge on whioh
the Tanganyika Government will be able to make some decisions as regards river
development.

In the Rufiji Basin area, practical difficulties arise in many direotions.
Instruments and implements had to be purchased from a very limited budget, and it
is obvious that a great deal more research could have been carried out if the
economy had been stronger. Access to a great many stations during the flood
season was very difficult and there were a great many problems in finding the
necessary staff with suffioient qualifications to undertake the field and comTuting
work involved. The latter problem was partly solved by three hydrometrists em-
ployed through FAO, who worked in close co-operation with the Government staff
seconded to the hydrologioal team.
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TABLEI. SCHEDULE OF GAUGING STATIONS

NO. River Station
Catchment
area sq.

miles

Height of
Gauge zero

ft.

Waterlevel Obeervations Suspended Sediment No. of Years
with ohemioal
analyses of
riwor water

Met. Station
Eat. by RBS.

Runoff
Computed RemarksObservations

started
Observations
abandoned

Load Investigations

Fram To

1K.1 Rufiji Ndundu - 18.34 Nov. 1954 W.L. station only (very approx. rating curve est.)
" 2 K Mamma - 115.01 Dec. 1954 X (aband. W.L. "
9 3 " Stieglerb Gars° 61 106 210.71 Nov. 1954 Nov. 1955 Continues 4 X X

" 4 e Utete - 56.21 Dee. 1953 W.I. station only; gauge not firmly fixed.
! 5
I,6

"
e

&ebbs
&aline°

-
- 316.62

1938
1957

w.l.. station onlY;
W. L. "

MPallganYa 1926 1938 Old W.L. gauge an the Rufiji.
Beta Trial Farm X (abatid.) Meteorologioal records. Ground watorlovel abs.

at Mbingu. Not published.
1KA.1 Yowl %disbar_ 25 Nov. 1951 x

u 2 Little %aim Iringa 1 127 5006.96 Nov. 1954 Nov. 1956 Zec.1958 1 X
! 3 Great Ruitha Xidatu 30 905 896.64 Oct. 1.954 Nov. 1956 Oct.1959 4 X X
A 4 Great Ruaha MbUYuat 28 774 1450.21 Nov. 1954 Nov. 1956 Oct.1959 4 X

6 ,
P! 6

Great Raba Mora 26 254 2209.55
r 3717.67D/4S

Nov. 1954 Nov. 1956 Continuos 3 X X
1KA.6 nevar installed.

f- 7 Ohimala Chimale 85 4 3733.4711/2 Nov. 1954 Nov. 3.956 Oct. 1959 4 X
I' 8 Great kasha Gt. North Road, Chime's. 328 3511.01 Nov. 1954 Nov. 1956 Oct. 1959 4 X
r 9 Kimani Gt. North Road 173 3511.47 Nov. 1954 Nov. 1956 Oct. 1959 4 X

" 10 Mlombosi 'Saws 95 3648.47 Nov. 1954 X No permanent rating. Runoff computed approx.
! 11 Ebaxali Igawa 619 3594.19 Nov. 1954 Nov. 1956 Oontinuen 4 X

! 12 Halali Ilan D/S 302 Nov. 1954 Nov. 1957 Oot. 1959 1 X

" 13 1KA.13 never installed.
" 14 LUkosi Mbuyuni 1 194 Nov. 1955 July 1958 No permanent rating. Reaclings transferred to

Ntandika.
" 15 Ndembexa Ilongo 404 5449.09 Feb. 1956 Nov. 1956 Oct. 1958 2 X

! 16 Liosi Igorusi 30 Mar. 1956 Oct. 1958 X Readings transferred to New Road.
" 17 Mambi Xikanzi 32 Mar. 1952 Oot. 1958 X

" 18 Mallswi Gt. North Road 36 Ilbs. 1956 Oot. 1958 X
it 19 Nbarali Trial Farm 762 3456.60 Aug. 1956 Nov. 1958 Oct. 1959 1 X X Approx. curve established. Sandy.
! 20 Little Ames Toaamaganga 1 273 Deo. 1955 X

" 21 Little Buaba IhiShu 957 Apr. 1957 Feb. 1958 Oct. 1959 2 X
7 22 Mtitu Mtitu 172 Nhy 1957 X
" 23 Ndkuni Iyayi 118 Dec. 1956 X
" 24 Umrobo Ruina - Sept.1956 Oct. 1958 Abandoned.
" 25 NOrula Rudi - Jan. 1958 1959 Abandoned.
" 26 Great Ruaha Kisilwa Crossing 13 844 Nov. 1956 X
" 27 Great Ruaha Hausmanab Bridge (Nkopule) 7 700 Nov. 1956 X

" 28 Great Ruaha Utengule - Dec. 1956 Griffin gauge only.
n 29 Njombe 'Zumba 5 438 Feb. 1957 Nov. 1958 Oct. 1959 1 X
1 Kisigo Nlazo - Dec. 1956 Jan. 1959 W.L. station only.
" 31 Little Ruaha Nhwande 2 005 Nov. 1956 x
" 32 Little Italia S. R. Club 293 5894.54 June 1957 X
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TABLE I. (Continued) SCHEDULE OF GAUGING STATIONS

No. River Station
Catchment
aa sq.re
miles

Height of
Gang

-° ""r°
ft.

Waterlevel Observations Suspended Sediment

Load Investigations

No. of Years
with chemical
aasiyses of

Mat. Station

Nat. by MIS.

Runoff
Computed RemarksObservations

started
Obseivations
abandoned From To river water

11A.33 Ndembera Vadibira 707 3490.97 Sept. 1957 X X
" 34 Halali Tunduna 377 3667.20 Nov. 1958 Not complete. Approximate ranoff computations.
II 35 Ipmani Tunduna 637 Jan. 1957 1958 Abandoned. Records not reliable.
II36 Halali Mhjojolo / 014 3640.45 Nov. 1958 X
" 37 Lukosi Mtandika I. 117 Aprll 1957 Aug. 1957 Oct. 1959 2 X
" 38 Yovi Great Ruaha coal. 243 April 1958 X
'I39 Little Ruatta Imawa 645 April 1957 X
' 40 ehimala Ohosi Farrow - Oct. 1957 No rating est.
" 41 Kisigo Ilangali 3 413 Nov. 1957 X X

" 42 Kisigo Kinunguru 9 476 Nov. 1957 Nov. 1957 Oct. 1959 2 X

" 43 Njombe Isanga 1457 Dec. 1957 July 1959 Nov. 1957 Oct. 1959 I. X Abandoned.
" 44 Bubu Chanwale - Jan. 1958 Aug. 1958 Not complete.
" 45 Ipatagwa New Road 15 Nov. 2.958 Not complete.
I,46 Halali Iyayi U/S 184 Feb. 1958 X
I,47 Masukhunde Matunbuln - Never installed.
" 48 Liosi New Road 38 Nov. 1958
II 49 /Jambi New Road 38 Nov. 1958
" 50 Nawiewi New Road 42 Nov. 1958 Not complete.
" 51 Umrobo New Road 29 Nov. 1958 Not complote.
" 52 Ndenga Tunduma - March 1958 Not complete.

1KB. 1 Maolva Maolwa Estate 8 Aug. 1955 1957 X Abandoned (Approx. Rating).
" 2 Kilombero Ifakara 12 063 79191 Nov. 1954 Nov. 1956 Oct. 1959 4 X

" 3 /Amain° Ifekara 165 816.48 Aug. 1955 1958 Nov. 1956 Oct. 1958 3 X
" 4 Kilombero Ifwema 7 048 931.47 Jan. 1955 Nov. 1956 Oct. 1959 4 X
" 5 Luhombero /longs 395 Jan. 1955 Nov. 1957 Oct. 1959 3 X X
" 6 Kigogo-Ruaha Frick's Bridge 511 Feb. 1956 Nov. 1957 Oct. 1959 1 X
" 7 Faagi Idege.(Livalonga Bridge) 24 Feb. 1956 Nov. 1956 Oct. 1957 X
" 8 ilkasHa Mpanga Mission 937 967.30 Dec. 1956 Nov. 1958 Oct. 1959 1 I
" 9 Mhyera Toyota Mission 1 950 Deo. 1956 Nov. 1958 Oct. 1959 1 X
" 10 Rnhuji 1Wayamalungu 3 294 Dec. 1956 Nov. 1958 Oct. 1959 1 X
" 11 Sofi Sofi assion 62 Doc. 1956 X
" 12 Mohilipa /date 114 Dec. 1956 X
" 13 Lumemo Trial Farm 165 /larch 1957 X W.L. station only.
" 14 Iumemo Kibaoni 164 Jan. 1958 X
" 15 Mgeta Mbhombe Mission 124 Nov. 1957 X
" 16 PUNA Malinyi Mission 507 Nov. 1957 Nov. 1957 Oct. 1959 2 X X
" 17 Kilombero Swero 12 915 776.38 Nov. 1957 Nov. 1957 Continuos 2 x
" 18 Ruhuji Njombe Bridge - Feb. 1958 Not couplets.

10.1 Lumegu Damsite 9 362 Aug. 1957 Griffin gaugo only.



5. THE BASIN.

The Rufiji Basin covers an area of 68500 sq.miles in Southern and Central
Tanganyika. It is situated between 5° 32' and 10° 44' South, 33° 32' and
39° 25' East and has a great variation in topographic and to some extent-also
in climatic conditions. It is a humid and hot climate on.the Coast and in
the Kilombero Valley. There are very dry and hot areas in the North-Western
part of the Basin and in mountainous regions the temperature can in June,
July and August, fall below 40° F and even below the freezing point in extreme
cases. Temperature graphs for 9 stations are enclosed at the end of this
chapter.

There are three main tributaries forming the Rufiji.

The Great Ruaha 32424 sq.miles 43.3% of Basin area.
The Kilombero 15442 sq.miles 22.5% of Basin area.
The Luwegu 10156 sq.miles 14.8% of Basin area.

The Kilombero joins the Luwegu in a series of cascading rapids at the Shuguri
falls and for the purpose of this report this is said to be the beginning of
the Rufiji proper. At the confluence the Kilombero drops on a long rocky
ledge into the Luwegu and immediately downstream the waters plunge over two
more stages of falls. The total fall of the Kilombero waters is about 175 ft
in ai miles. The waters of the Luwegu reach the confluence with a much more
gentle slope.

Sixty river miles north eastwards from the Shuguri, the Rufiji is
joined by the Great Ruaha, and 8.7 miles downstream of this confluence the
water falls 75 ft in 4 miles over the Pangani Rapids. Before entering the
lower plains the river passes through Stieglerls Gorge, a narrow precipitous
canyon.

The concentrated drop of river in the Shuguri Falls and Pangani Rapids
is a part of the "East African Fall Line"

From the outlet of the Gorge the Rufiji traverses a flat and wide plain
down to the Indian Ocean, only falling about 200 ft in 140 miles. The river
moves sluggishly as it approaches the sea, and Eue to sandy banks and
environment, changes its course from year to year. As a result of the
Coriolis acceleration in the southern hemisphere the Rufiji is mainly digging
northwards. This can clearly be seen from Nyakasiku to some miles upstream
of Utete. There are high riverbanks to the north and lower land with several
old riverbeds on the southern side of the present river. From Utete to the
sea the change of course seems to be of a more casual nature.

The Great Ruaha has its source in the Poroto Mountains and the
Kipengere Range in the south-western corner of the Rufiji Basin. The Mtorwi
peak there is the highest point in the Basin, 9711 ft. above sea level. Many
perennial tributaries contribute to the headwaters of the Great Ruaha and of
these the Mbarali, the Kimani and the Chimala are the most important. After
entering the Usangu Plain the river travels through an increasingly dry region
dropping from about 3300 ft. to 2200 ft. on its way down to Mtera. From the
right the Halali, the.Ndembera and the Little Ruaha join the main stream. The
Halali is an intermittent river in its lower stretches and the Ndembera is
drying out in some years before it reaches the Utengule Swamp. The Little
Ruaha is perennial. It rises in high rainfall areas at Mufindi and runs

OM. 14



through areas of deoreasing rainfall in the Southern Highlands before reaching
Great Ruaha downstream of Kimande Village where the annual recorded average is
15.88 inches only. The Great Ruaha receives a number of tributaries from the
West, most of them carry only seasonal water. The largest, the Kisigo River,
drains an area of 10206 sq.miles. This area is as a whole very dry. The
average in some places might even be below that of the Kimande recordings.
Below Mtera the Great Ruaha breaks through a mountainous region and flows in
a deep narrow valley down to Kidatu. The country from there is more flat and
open before the confluence with the Rufiji.

The Kilombero headwaters are situated in the Njombe district and its
main tributary, the Ruhuji, flows through a steep and narrow valley before
reaching the Kilombero Plains. Here it is joined by the Pitu coming from
the south and a little further clown by the Mnyera from the west. For the
purpose of this report this is said to be the beginning of the Kilombero
proper. The river now flows through a wide and fertile valley which is usually
flooded for extensive periods every year. The river bifurcuates several times
in the Ulanga district before it reaches Ifakara. The Kilombero receives many
tributaries from the west and northwest, the more important being the Mpanga,
the Kihanzi, the Mgeta, the Ruipa, the Lumemo and the Msolwa Rivers, all having
their sources in high mountains and carrying discharges all the year round.
There are a great number of smaller streams flowing from the south and south-
east of which the FUrua and the Luhombero are the only two worth mentioning
here. These are both fed by rain falling on the Mahenge Massif.

The Luwegu River drains the southern part of the Basin. It is joined by
the Mbarangandu draining about the same size of catchment. This is partly a
hilly region and the river gradient is steeper than on the Great Ruaha and the
Kilombero rivers.

A considerable length of a mountain barrier running through the central part
of the Rufiji Basin from south-west to north-east forms the watershed between tbs
Great Ruaha and Kilombero sub-catchments. It also divides the Rufiji Basin
into two almost equal areas. The highest points in the chain are found in
the Mufindi and Uzungwa Mountains with summits in the latter even topping
7000 ft. The chain continues in the same direction through the Udekwa
Mountains bending more northwards at the northern boundary of the Rufiji Basin.
These mountains rise from a very-flat and wide plain in the Kilombero region
and slopes on the south-eastern side are generally very abrupt. The ridge
rises from about 1000 ft to more than 6000 ft in a few miles and is highly
exposed to moisture- laden monsoon winds. Along the slopes of this escarpment
the highest rainfall areas within the Basin are found. Rainfall on an average

reaches over 70 inches in a year. Only on the Mahenge Massif, south of
Kilombero, equally high rainfall has been observed. These mountains, catching
comparatively much rain and giving high ruiner to the Kilombero, are the most
apparent hydrological features which separate this river basin from the dry

areas of the Middle Great Ruaha.

The Rufiji Basin is mostly covered with grass, bushland and forest, and

by burning in the dry season Africans are doing a great deal of harm to their

land. Fires are started mainly for clearing purposes on their farms and for

protection against game, but little attempt is ever.made to restrict them.
Consequently, the ground becomes more and more exposed and both soil erosion

and loss of water by evaporation increase enormously.
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Areas with dense tropical rain forest and jungle occur in heavy rain
areas, principally on mountain slopes ;surrounding the Kilombero Valley.
Strictly speaking there are no arid regions in the Rufiji Basin. However,
the north-western region, the Kisigo sub-catchment and the areas between this
river and the Great Ruaha must be regarded as semi-arid with rainfall, on- an
average, less than 20 inches a year.
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6. CATCHMENT AREAS.

NOTES ON COMPILATION OF CATCHMENT MAPS.

None of the areas as taken from the catchment maps can be said to be absolutely
accurate, although the maps have been compile& from the best sources available - the
D.O.S. 1:50,000 sheets, the Tanganyika Series at 1:125,000, the 1:500,000 military
map, and photo print laydowns. A combination of two or more of these souroes was
usually used in each compilation. These sub-catohment maps were oontinually
revised as new 1/50,000 D.O.S. sheets become available.

In all cases such a combination of material means varying accuracy over the map
compiled.

The 1:500,000 maps are on the whole unreliable publications for the purpose of
measuring catchment areas but unfortunately for about half the basin, they provide
the only cover. The photo print laydowns are not wholly reliable beoause their
scale is not uniform.

The 1:50,000 series which covers 3710 of the basin, including important areas of
the Southern Highlands Province and the Kilombero Valley, is, of course, the best
source of information but a number of the sheets are preliminary plots and the lack
of contour detail prohibits accurate positioning of the watersheds.

The 1:125,000 maps compiled in Tanganyika are produced from the 1:50,000 sheets
and were used wherever possible for speed and convenience.

The accuracy of the maps therefore varies according to their compilation, and
the reliability diagram attached to each acts as a guide in this respect.

Some of the catchments (e.g. Lukosi) and areas to Key points (e.g. to Stieglerls
Gorge) have recently been revised and the areas changed slightly in consequence.
The original figures, however, having been used and incorporated in Hydrological
Reports for some time were retained. This also applies to the original figure for
the area of the entire basin, 68,500 sq. miles. Having been in common usage for
five years, it was not altered when found on re-measurement to differ by less than
IS.

LIST OF CATCHMENT AREAS FOR DAMSITES, GOGING STATIONS AND WHOLE SUB-CATCHMENTS

GREAT RUAHA SUB-CATCHMENT

Mbarali

Po Damsite 566
" Igawa - gauge 619
" Trial Farm (incl. Mlombosi) 762
" Kimani Confluence 831

Sub-divisions. Area In Areas to
Sq.miles Key points



Ipwani
To Damsite
" Halali Confluence

Ndembera
To hongo
" Madibira
" Great Ruaha Confluence

455
637

404
707

1,060

Sub-divisions. Area in Areas to
Sq.miles Key points

Mlombosi
To Road crossing - gauge 95
" Mbarali confluence 109

Kimani
To Damsite 170
" Road crossing - gauge 173
" Mbarali Confluenoe 233

Great Rudha
To Damsite 321
" Road crossing - gauge 328
" Brandt Mission area 345

Chimala
To Road crossing - gauge 85
" Brandt Mission area 127

Liosi
To New Road orossing - gauge 38

Mambi
To New Road orossing - gauge 38

Mswiswi
To New Road crossing - gauge 42

UMrobo
To New Road crossing - gauge 29

Ipatagwa
To New Road crossing - gauge 15

Halali
To Iyayi 184
" Iyayi (incl. Htikuni and Lummula) 302
" Tunduma 377
" Majojolo (mol. Ipwani) 1,014
" Great Ruaha Confluence 1,149
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Lukosi
To Gauge
" Great Ruaha Confluence

Yovi
Po Gauge
" Great Ruaha Confluence

GREAT RUAHA TO KIDATU

Luhombe
To Great Ruaha Confluence

1,117

1,194

243
244

30,905

559

GREAT RUAHA TO RUFIJI CONFLUENCE 32,424

Sub-divisions Area in
Sq.miles

Areas to
Key points

GREAT RUAHA TO MKOPULE

293
645
957

1,127
1,273
2,005
2,141

1,467
5,438
5,445

7,700

13,844

Little Ruaha
To S.Highlands Club,(Makalala Damsite)
ft Iwawa

Ihimbu (mol. Mtitu 172)
It Iringa

Tosamanganga
It Mawande
11 Great Ruaha Confluence

GREAT RUAHA TO KISILWA CROSSING

Njombe
To Isanga
" Ifumba
" Kisigo Confluence

Kisigo
To Ilangali 3,413
" Iwimbi (mol. Njombe) 9,476
" Great Ruaha Confluence 10,206

Bubu-Fufti

To Great Ruaha Confluence 1,238

Milaka
To Great Ruaha Confluence 393

GREAT RUARA TO MTERA incl. KISIGO 26,254

Mohazima
To Great Ruaha Confluence 526

GREAT RUAHA TO MBUYUNI 28,774



Kigogo-Buaha
To Frick's Bridge

Damsite(Msana9 Lugala)
Lidete Confluence

Lidete Ruaha
To Kigogo-Ruaha Confluence

Mnyera
To Taveta
" Damsite (Taveta)
" Ruhuji Confluence

Mpanga

tt

511
529
684

1,002

1,950
2,264
2,652

To Damsite (Mdiku)
" Gauge
" Mnyera Confluence

KILOMBERO TO IFWEMA

910

937
1,010

507
720

62
101

99

13

114
141

7,048

FUrua
To Gauge
" Kilombero Confluence

Sofi
To Gauge
" Kilomberc Confluence

Svasesa
To Kilombero Confluence

Alyhava
To Kilombero Confluenoe

Mchi lipa

To Gauge
" Kilombero Confluence

Sub-division Area in Area to
Sq.miles Key points

KILOMBERO SUB-CATCHUOT

Ruhuji
To Pitu Confluence 1,847
" Pita Confluence (incl. Pitu) 2,774
" Damsite (Mkasu) 3,277
" Gauge (incl. Mwatisi and Msima) 3,294
" Mnyera Confluence 3,312

Fuagi
To Damsite (Idege) 21
" Gauge 24
" Kigogo-Ruaha Confluence 39
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Sub-division Area in Areas to
Sgsmiles Key points

Luri

To Kilombero Confluenoe 191

Kihansi
To Damsite(Merera) 475
" Kilombero Confluence 722

Mmsita

To Gauge 124
" Kilombero Confluence 323

Ruipa
To Damsite(Ngohywa) 535
" Kilombero Confluence 683

Lumemo
To Ifakara 165
" Kilombero Confluence 167

Mbaragandu
To Luwegu Confluence 4,436

Luwegu
To Mbarangandu Confluence
" Damsite(Njangasi)

4,814
9,382

LUWEGU TO KILOMBERO CONFLUENCE 109156

Rufiji
To Great Ruaha Confluence 28,316
" Stiegler's Gorge 61,106
" Indian Ocean 68,500

ENTIRE.RUFIJI BASIN 68,500

KILOMBERO TO IFAKARA 129063

Msolwa
To Gauge 8
" Kilombero Confluence 476

KILOMBERO TO SWERO 12,915

KILOMBERO TO KINGENENAS 13,121

Luhombero
To Ilonga 395
" Kilombero Confluence 1,508

KILOMBERO TO LUWEGU CONFLUENCE 15,442



7. RAINFALL

INTRODUCTION

In hydrological research work the study of precipitation is of very great
importance. Not only is rainfall a fundamental factor for all life, natural growth
and development, but sinoe all rivers are fed by rain there will always exist a
certain relationship between rainfall and runoff. Rainfall information is, there-
fore, a valuable guide for a synthetic extension of observation periods on runoff
and most of the analyses presented in this report were carried out with the inten-
tion of supporting the runoff calculations.

In the Rufiji Basinfee actual runoff observations were available, therefore
average and extreme totals for river regulation purposes could not be satisfactorily
computed from field data established by the Rufiji Basin Survey Team. Fortunately
rainfall figures existed over much longer periods, and an indirect way of computing
such figures was possible.

RAINFALL OBSERVATIONS

The Rufiji Basin is sparsely populated so that only with great difficulty can
reliable observations be obtained. Missionaries, Farmers and Government Officials
have given their voluntary services to the EAMD in erecting rainfall gauges and per-
forming observations. The network of stations though, is still too thin and it is
only in the central part, mainly in the Southern Higblands from Iringa via Mufindi
to Njombe, where the expression network can be used.

In the Southern part consisting of the entire Luwegu Drainage Area, only one
rain gauge, Nyamtunbu, exists at the present. The rainfall conditions here are,
therefore, largely unknown and some records outside this basin have been considered
when estimating isohyets on maps. The Luwegu subcatohment comprises a large tsetse
area with a very small population. There are only a few footpaths and the area is
not easily accessible to motor transport, so that rainfall records are comparatively
expensive.

Very little is known abaut rainfall in the whole Western part of the Rufiji
Basin northwestwards from the Great Ruaha River to Itigi railway station on the
Central Line. The area is on a whole a very dry one, and in some years is may show
rainfalls of even less then ten inches. A few stations have been installed by RBS
along the Kisigo River, but the observation periods to date are too short to draw any
firm conclusions. It is anticipated that rainfall conditions will vary very little
from one place to another inside the Kisigo basin.

Available records show periods from a few months up to several years. Por

some of the oldest stations inside or adjacent to the Rufiji Basin, such as Mohoro,
Kilwa, Dar es Salaam and Kilosa, records began late in the last century, but these
records are not always continuous. They are interrupted from a few months to one or

more years of missing observations.

In 1956, when rainfall analyses commenced for the purpose of this report, 14
stations had continuous records for 15 or more years. These stations formed then

the base for a synthetic evaluation of rainfall at other stations and consequently for

the annual isohyetal maps drawn for the same years. Altogether there were 80

operating stations in 1956 and on an average one gauge per 860 sq. miles. The latter

number, however, does not mean so very much since the geographical distribution is far

from homogeneous.
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The rainfall records inside the Basin which were used for the establishment
of isohyetal maps are shown on page 38 to 40. The hatched part illustrates the
years for which rainfall has been computed. The methods of procedure for these
calculations are explained later.

0. DISTRIBUTION OP RAIN THROUGHOUT THE YEAR

In the Northern regions of Tanganyika the rainy season can be divided into
two, the "short rains" in November-December and the "long rains" from March to April.
The dry period in between these rainy seasons diminishes more and more towards the
South and in the Rufiji Basin the sole recognisable fact is that the February average
is slightly smaller than that of either January or March. It is therefore more
correct to divide the year into two seasons only, the rainy season beginning in
November and ending in May, and the dry season beginning in June and ending in-October.
Practically all the year's rain is concentrated in the seven rainy months.

The following procedure has been adopted in analysing monthly rainfall at a
number of selected stations with comparatively long observation periods: the observed
rainfall for each calendar month over the whole period has been arranged in diminish-
ing series from maximum to minimum. From these series the following characteristic
data have been selected for each month.

Maximum of observed monthly rain.
Upper quartile of observed monthly rain.
Median of observed monthly rain.
Lower quartile of observed monthly rain.
Minimum of observed monthly rain.

In addition the more commonly used arithmetical means have been computed. The
results of such analyses from 30 stations inside or adjacent to the Rufiji Basin are
shown in Table III, page 31 to 36 and presented graphically on page 41 to 43.

These results require further explanations. In a series arranged from maximum
to minimum the median is the middle figure irrespective of the size of the figures
above or below, i.e. there are 50% of instances with more and 50% with less rainfall
than the median shows. Median values are often used to express normal conditions
instead of the arithmetic mean. The median divides a series into two equal parts,
the upper and lower half. The upper quartile can be defined as the median in the
upper half of the entire series and similarly, the lower quartile for the lower half.
Any value in the series has an a priori probability of j of being between the two
quartiles and is as likely to be inside this range as outside it. This range of
dispersion is called the semi-interquartile range. The maximum and minimum of the
values are commonly known and need no further explanation .

The analyses described here are also shown on Map 2 (See part 39 Map Folder).
This compilation provides seasonal rainfall information in more detail than is pro-
vided on ordinary isohyetal maps. A study of the map clearly indicates the two
seasons mentioned above and illustrates the parts discussed in the following chapter.

d. HYDROLOGICAL YEAR

In the Rufiji Basin the Calendar Year starts in the first half of the rainy
season. From many hydrological analyses and studies false conclusions may be
obtained if the calendar year is used as the basic time unit. Fbr example, it is
oniy necessary to mention the relation between rainfall and runoff. Fbr this reason
1, is essential to establish a new unit, the Water Year, otherwise termed the
Aydrological Year



There is always a lapse of time between rainfall over a catchment area and the
corresponding runoff at a given point. This time may vary from a few hours to
several months, or even years, depending whether the rains discharge as surface or
ground water runoff. Rainfall in December will probably not discharge before January
or very possibly later in the following year. At the beginning of the rains, when the
ground is very dry, the ground water is then at its minimum and the infiltration rate
is high. Therefore a big percentage of the precipitation is held back and will not
discharge before the next year.

In most cases water level in rivers will continue to drop a little even after
the first rains. This is due to the fact that the first inches of rain will be
absorbed by the upper layer of ground and will not reach the ground water table from
where it can discharge. A certain limit of rain must be exceeded before rivers start
to rise, and this depends very much on the geological and geomorphological oonditions
in the catchment area.

From these observations it will be seen that the proper time to start the
Hydrological Year is at the beginning of the rainy season and not when the rivers
begin to rise. The Hydrological Year should be a fixed unit based on average con-
ditions over the catchment area. It will differ from country to country and will
have to be settled to meet each particular case.

Fortunately, for the Rufiji Basin, rainfall conditions as regards seasons are
almost identical, and the rainfall analyses disoribed in the previous chapter show
quite distinctly that the rains normally start in November. The Hydrological Year
will therefore be defined for the whole catchment as a YEAR STARTING 1ST NOVEMBER AND
LASTING TO 31ST OCTOBER.

In order to avoid confusion, a second and slightly different term must be men-
tioned, THE WATER REGULATION YEAR. This term is very often used on studies of river
control and is dealt with in the chapter on Summation Curve Analyses. (See also ref.
12).

All annual totals of various hydrological data computed on the Rufiji Basin
Investigations and included in this report, refer to the Hydrological Year. If the
Calendar Year is used, this will, be specially mentioned.

e. NORMAL PERIOD

The observation period at different rainfall stations within or adjacent to
the Rufiji Basin, varies from a few months to about 50 years. If the average is
taken from the observed years only, a false conclusion will be reached. It is there-
fore necessary to select a certain fixed period in which an attempt will be made to
express average conditions.

The International Normal Period, used in many countries, consists of the thirty
years from 1901 to 1930. It will be observed that such a period cannot be used in
this instance as there is not a single station which entirely covers it, and further-
more there are only a very few that have started their records prior to 1930. To
evaluate an average figure it is obviously best to use as long a period as possible,
but if for many of the stations used, observations are only available over a few years,
it will be necessary to make do with a shorter period.

To avoid entering into detailed discussions on a suitable normal period, it is
only necessary to state that quite reliable averages are available for a relatively
large number of rainfall stations for the 15 years period 1940/41 to 1954/55. This
period has therefore been selected as the NORMAL PERIOD for the Rufiji Basin Hydro-
logical Investigations and an attempt has been made to extend the records of those
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stations for which observations are missing.

This period was selected in 1956 - in the early days of the Survey. Sinoe
then observations from a few more years have been compiled, but the Normal Period
has been kept as was first chosen. In November 1960 observations from five more
years will become available, and it will then be appropriate to extend the Normal
Period to cover the 20 years from 1940/41 to 1959/60. The normal period averages,
as given in this report will then be adjusted correspondingly. In 1970 a normal
period covering 30 years can be established, which will then be of the same length
as the international period.

As far as possible and when found necessary, the annual average of meteoro-
logical and hydrological data, presented in this report, have been related to the
established normal period for general calibration.

f. MAXIMUM RAINFALL

For a number of hydrological, agricultural and engineering purposes, it is of
great importance to have some knowledge of rainfall intensities, or in other words
what maximum rainfall is likely to occur with certain durations. For this purpose
a number of data were extracted from the EAMD's records. The heaviest showers that
could be found for various durations are presented graphically for 35 stations on

page 44 and 45.

Unfortunately, there are in the Basin no self recording rain gauges which cover
long observation periods, and the graphs are based on ordinary rain gauge recordings
only. These gauges are usually read once a day, and the information obtained for
shorter periods is extracted from marginal notes made by keen observers.

The result of these 35 maximum rainfall graphs are summarized in illustration
page 46. For certain selected durations the observed rainfall has been arranged in
falling series from maximum to minimum and the charaoteristic data of dispersion
(maximum, minimum, quartiles and median) have been extracted. An enveloping curve
has been drawn for the maximum observed data and for comparison the corresponding
curves for the United States and for the whole World are given (4, p. 105 and 122).

As will be seen from a comparison of the Rufiji Basin Curve and the other two
mentioned in the previous paragraph, the difference is not very large for short
durations of rainfall, but this difference increases considerably over longer periods.
This is to be expected, as in the Tropics many comparatively small areas have heavy
but confined rains of a short duration. The average and maximum rainfall weekly,
monthly, and yearly values are not exceptionally high for Tanganyika; much higher
values are reached in other parts of the world, according to local prevailing con-
ditions.

MAXIMUM RECORDED RAINFALL AT STATIONS IN THE
RUFIJI BASIN

1. 10 mins. Chunya January 1955 1.38 inches
2. 15 u Dodoma March 1944 2.03
3. 20 It Sofi January 1944 2.05 it

4. 30 " Ilembula December 1955 2.71 il

5. 30 u Mufindi March 1940 2.62 if

6. 45 " Malangali April 1951 3.24 it

7. 1 hours Kwiro January 1948 3.70 ti

8. 1 hours flete April 1951 3.88 I,

9. 1-1- u Kwiro March 1954 4.42 1,



RUFIJI BASIN
MAXIMUM RECORDED RAINFALL AT STATIONS IN THE

(Contid)

These values can and will most likely be slightly exceeded in time but it is
believed that they are not so very far from what can be considered as a maximum for
the Basin. E.G. Haldemann (107 p.)) quotes a very heavy rainfall in the Rangwe
District near Tukuyu during the night of 9/10 April 1955. 17 inches fell within 24
hours. This is just outside the Basin and is one of the heaviest rainfall areas of
Tanganyika.

g. CORRELATION OF RAINFALL

General Reflections. Between two or more rainfall stations lying within a
certain area there may exist some sort of simple affinity, provided rainfall con-
ditions at the stations in question are not too diverse. Stations in the same zone
of environment, for example, in a monsoon belt, will very often have a close affinity
if they are about equally exposed. In mountainous regions orographical influences
will occur, but a station lying at the foot of the barrier can still have a marked
affinity with stations at higher altitudes provided general wind oonditions are fairly
similar.

In this report no long theoretical dissertations will be given on the many
factors influencing rainfall conditions. These are described in many books on
meteorology and hydrology and as regards the Rufiji Basin a description can be fouhd
in section III paper II. Only statistical analyses are dealt with here, with the aim
of supporting the runoff calculations.

Linear Correspondence. By plotting annual rainfall totals of two stations
against each other on graph paper it will be easy to note whether some sort of cor-
respondence exists between the respective figures. With geophysical observations of
this kind a perfect conformity is only to be found in extreme cases. The different
points will then lie on a curve like pearls on a string. Certain divergences will
always occur and the main problem is to find the best fitting curve and to determine
a suitable expression for the degree of relation between the two series of observations,
the latter being a useful criterion for the selection of comparable stations.

Due to limited shower type and unequal distribution of rainfall over shorter
periods, annual data have been used as basic units for the analyses. Discrepancies
will always occur if short Periods are used in such computations and the procedure
is so laborious that it can only be used under special circumstances. However,
observations of some stations are only available over a very few years and these are
not always sufficiently comprehensive for accurate computations. The years have there-
fóre been divided into two parts, thus tripling the quantity of corresponding figures.
Strictly mathematically speaking, this is not quite correct, but it was found that the
result obtained that way was more reliable. Such a partition of observations can only
be done if the same sort of correspondence exists for the two stations the whole year
round. In order to find out whether this occurs under average conditions, the following

10.

11.

12.

3 hours
5 "

12 ft

Kwiro
Chimala
Kwiro

December 1937
January 1950
December 1940

5.71
5.73
7.68

inches

13. 2 day Kisawasawa March 1956 11.98
14.
15.

2 n

3
Kisawasawa
Kisawasawa

March 1956
March 1956

18.66
19.00

16. 10 Nyamtumbo February 1955 27.00
17. 15 Nyamtumbo February 1955 31.75
18 1 month Madazini April 1956 47.02
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procedure has been useds the acoumulated monthly average figures throughout the
year for two stations conoerned have been plotted against each other. If these
points tend to follow a straight line it means that the same oorresponding factor
exists between the observations all the year round and half yearly as well as
yearly values can then be used to establish a more accurate corresponding curve
between the two stations.

The monthly figure curves as desoribed and following a straight line can be
used to express the average correspondence between the stations. This line will
thus go through two fixed points in the oo-ordination system, the origin and the
point of average rainfall, from whence it might be prolonged. In simple correlation
oomputations this line is very often used. This is especially true when missing
periods at one station are filled in by using peroentage values i.e. the rainfall
for a certain period expressed as a percentage of the average should be approximate-
ly the same at both stations. As understood, this will be the case where the cor-
respondence is linear and passes thraugh the origin.

A number of the monthly figure curves will bend at certain times of the year.
This happens when the corresponding factors vary seasonally. For axample, one of
the stations might be situated in the mountains receiving some rain all the year
round, while the other in a lower region has a more or less complete dgy season.
In cases where this occurs it is not correct to divide the year in order to increase
the number of points, but the stations may be compared provided only annual
figures are used.

These cumulative monthly curves have their disadvantages. They are established
from average oonditions only and do not give any expression for any single
dtvergenoe that will certainly occur. To establish the final correlation curves
therefore, the very well known "Method of Least Squares" has been used and the
assumption taken that the function is linear.

3) Discussion on Correlation Results. Stations with a complete observation
period 1940/41 to 1954/55 have been called main stations, and stations with shorter
observation periods have beeil compared with a main station until a satisfactory
correlation factor was found.

The Mahenge observations are very representative, not only for the near
surrounding district but also for stations far apart. Sometimes this oorrespondenoe
is even better than that with a main station in the environment.

Most of the main stations among themselves have a good correspondence, which
means that the distribution of rain throughout the basin follows almost the same
laws from year to year. This is very fortunate and makes the correlation com-
putations muoh easier.

There are exceptions from this general correspondence. The Lower Rufiji for
example, does not give very good results when compared with up-country stations.
The correlation is sometimes inverse, which means that there might be years with
comparatively high, and low rainfalls over the main part of the Basin, while the
Lower Rufiji shows low, and high rainfalls in the same seaSons. The explananation
might be found in variations in the moisture-laden monsoon winds, determining
whether the rain preoipitates in the Coastal belt or in the.inland regions of the
Basin.



The Itigi station in the north western corner of the Rufiji Basin shows also a
poor correspondence with other stations. This might be explained:by the fact that
the Western part of Tantranyika inclusive parts of the Rufiji are influenced also
by moisture laden winds from the Atlantic Ocean whioh cause rain that might disturb
an otherwise good correlation with more EaStern areas.

There are a few other stations where a good correspondence could not be found.
These are Kinoga, Ifinga and Itembula. The correlation factor was so small that
the stations had to be eliminated from extended use.

As a proof of the reliability of the correlation computations 10 examples are
listed in table IV. These are stations with long observation periods, but only five
years have been used for the establishment of the correlation equation. The rain-
fall for the other years have been computed and the percentage error calculated fora
15 year period 1940/41 to 1954/55 and also for all other years available. As will
be seen the maximum average error obtained is - 7.2%. This result must be regarded
as good and means that the computed averages as given can be used withoUt big errors.
The divergences for single years can, of course, be somewhat bigger but are very
seldom found to exceed 20%.

It will be seen from the table that there is not always a conformity between the
correlation factor and the percentage error. The reason might be that the five years
used for the establishment of the correlation equation are the five years from
1950/51 to 1954/55. The observations have certainly improved in the last few years
and the explanation for this disagreement might be that observations previous to
this are not all reliable.

h. ISOHYETAL MAPS

From the observed and synthetioally computed annual values 15 isohyetal maps
were drawn, one for each year of the normal period 1940/41 to 1954/55. As the
survey progressed maps were also drawn for the four years 1955/56 to 1958/59. Thes.,
19 maps together with an average isohyetal map for the normal period, the Hydro-
logical Maplare included in the Map Folder, Part 3 of this report.

The maps were based on all rainfall information available and the isohyets were
always drawn by the same hand. Map oohtours were taken into consideration as far
as possible and it is felt that the-main patterns of annual rainfall distribution
are comprehensible enough for a preliminary study. But the maps lack a considerable
amount of detail and a great many more rainfall gauges will have to be established
for future detailed studies.

The Hydrological Key Map indicates how the rainfall is distributed throughout
the Basin, and it'is briefly described as follows: there is high rainfall, as a
maximum averaging more than 70 inches a year along the south-eastern slopes of the
Central Mountain Chain in the north of the Kilombero Válley. From there the rainfall
decreases in a north-west direction towards the Great Ruaha and the Kisigo Rivers,
where the average rainfall over a large area is less than 20 inches a year. The
minimum is observed at Kimande village on the Great Ruaha, 15.88 inches as an annual
average. High rainfall is observed on the Mahenge Mountains, and the Kilombero
Valley lies in a rain shadow behind this barrier.

In areas close to the coast the rainfall is over 40 inches a year, but a little
inland there is a rainfall depression. At Mtanza, 100 miles from the coast, the
average annual rainfall is only 27 inches.



i. RAINFALL VOLUMETRIC COMPUTATIONS

The mean rainfall for various sub-catchments and for parts of sub-catchments
to established discharge gauging stations and proposed dam sites was planiMetered
for 63 different areas of the Basin. For this purpose the annual isohyets were
transferred from the Key Map on to specially drawn sub-catchment maps designed for
this purpose. These maps were mostly on the scale 1:50000 and isohyetal lines could
be drawn and planimetering of smaller areas could be done in more detall than were
possible on the Key Map, which is at a scale of 1:1,000,000.

The planimetering was first done for each year of the normal period and the
average map was oheoked to correspond with the averages of these 15 years. Alto-
gether, rainfall computations were done for 19 years and taking into account the
average year planimeterings were done for 1260 area-years.

Rainfall Hypsometrio Curves for the entire Rufiji Basin and for the main
tributaries and parts of these are shown on page 47 to 48 . It will be seen that
the depth of rainfall on the Gree,t Ruaha and Luwegu sub-catchments is much lower
than on the Kilombero. The area of the Great Ruaha sub-oatchment however, is much
larger and the volume of rainfall is about of the same order as for the Kilombero,
33% and 35% of the total rainfall covering the entire Basin.

These rainfall volumetric computations were done to support the runoff data
and results are tabulated together with runoff,table VI. Some additional com-
putations are given in table VII.



TABLE III CHARACTERISTIC MONTHLY RAINFALL DATA

1. DAR ES SALAAM - Registration No: 36/3900 - Altitude: 3O- Period of Observation: 1892-1912 and 1920-1257

2. UTETE - Registration No: 98/3802 - Altitude: 170 - Period of Observation: 1922-1957

Maximum
.0-11Per Quartile

10.25
6.19

13.74
5.32

14.09
7.83

14.32 11.11
9.22 4.84

2.19
0.64

1.10

0.17
1.66
0.32

2.20
1.02

9
1
4:10 9:2 9.xt

Median 4.08 3.00 6.12 7.88 2.76 0.20 0.02 0.02 0.20 0.74 2.68 3.62
Lower Quartile 2.48 1.37 4.37 5.61 1.22 0.00 0.00 0.00 0.08 0.08 0.59 2.55
Minimum 0.31 0.68 1.87 1.68 0.15 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Arithmetic Mean 4.25 3.52 6.26 7.53 2.76 0.52 0.17 0.21 0.47 0.90 2.86 4.08

3. MOHORO - Registration No: 98/3903 - Altitude: 30 - Period of Observation: 1896-1911 and 1938-1956

Maximum 16.68 10.71 13.28 19.09 23.66 4.61 1.75 4.22 2.69 4.31 10.08 11.74
Upper Quartile 7.51 3.89 9.65 13.31 6.74 0.80 0.45 1.20 0.65 2.13 5.15 8.87
Median 4.59 3.45 5.79 11.79 3.14 0.23 0.05 0.32 0.32 0.72 2.48 5.27
Lower Quartile 2.65 1.75 4.14 6.91 1.78 0.00 0.00 0.04 0.12 0.41 1.44 2.26
Minimum 0.57 0.87 1.00 1.89 0.70 0.00 0.00 0.00 0.00 0.00 0.54 0.00
Arithmetic Mean 5.85 4.23 6.74 10.75 4.74 0.69 0.03 0.73 0.49 1.17 3.69 3.84

4. KILWA - Registration No: 98/3900 - Altitude: 30 -,Period of Observation: 1891-1912-1257

Maximum 21.35 18.01 29.82 25.70 7.84 2.54 1.65 2.20 1.89 2.44 6.22 10.26
Upper Quartile 8.27 6.74 10.01 8.81 2.83 0.24 0.25 0.32 0.75 0.75 2.50 6.16
Median 5.74 4.75 6.45 5.47 1.54 0.00 0.00 0.04 0.20 0.39 1.15 3.82
Lower Quartile 3.21 2.63 3.87 3.05 0.67 0.00 0.00 0.00 0.00 0.00 0.55 2.09
Minimum 0.04 0.59 0.70 0.59 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arithmetic Mean 6.14 5.14 7.46 7.05 2.22 0.26 0.22 0.31 0.46 0.51 1.88 3.97

5. IFAKARA - Registration No: 98/3600 - Altitudes 900 - Period of Observation: 1927-1957

'Maximum 14.97 12.64 19.56 28.45 10.33 3.77 1.42 0.66 1.42 2.44 9.42 13.26
UPPer Quartile 10.52 8.76 12.69 17.58 7.73 1.13 0.55 0.34 0.46 1.05 2.67 6.88
Median 7.41 5.13 10.52 11.01 4.99 0.67 0.12 0.18 0.18 0.15 1.30 5.17
Lower Quartile 4.88 2.99 7.31 8.52 3.42 0.10 0.00 0.00 0.00 0.00 0.23 1.90
Minimum 1.34 0.00 4.18 4.02 0.39 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arithmetic Mean 7.00 4.90 10.60 12.15 4.75 0.73 0.26 0.21 0.29 0.50 1.91 4.79

A M J J A S 0 N

Maximum 10.24 7.93 13.61 23.76 23.61 6.82 3.38 4.24 3.00 8.03 10.57 12.60
Upper Quartile 4.01 4.05 6.14 13.77 10.45 1.59 1.51 1.29 1.40 2.05 3.99 4.99
Median 2.38 1.95 5.05 10.55 7.42 0.66 0.93 0.81 0.99 1.11 2.15 2.47
Lower Quartile 0.83 0.75 2.59 7.29 4.18 0.29 0.32 0.43 0.46 0.63 0.86 1.50
Minimum 0.00 0.00 0.71 1.72 0.44 0.00 0.00 0.02 0.00 0.07 0.16 0.02
Arithmetic Mean 2.78 2.58 5.18 10.80 7.80 1.22 1.08 0.98 1.08 1.70 2.86 3.42
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6. KILOSA Re istration No: 6 3

TABLE III - CHARACTERISTIC MONTHLY RAINFALL DATA

1'22-101 Altitude: 1611 Period or Observation: 18 1'13 and

A A S o N

Maximum 12.28 11.05 12.80 15.37 8.33 2.38 2.35 2.28 2.68 4.88 13.41 12.28
Upper Quartile 6.05 6.47 8,13 9.59 4.17 o,57 0.49 0.70 0.74 1.55 3.75 6.24
Median 4.49 5.00 5.90 7.33 2.57 0.35 0.10 0.32 0.30 0.69 1.40 4.31
Lower Quartile 3.31 2.05 4.48 5.29 1.60 0.08 0.00 0,11 0.10 0.16 o.81 2.18
Minimum 1.03 0.00 1,52 0.89 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0,55
Arithmetic Mean 4.82 4,89 6,49 7,66 2.92 o.51 0.27 0.48 0.46 1.15 2.58 4.69

7. KISAWASAWA Re istration No: 602 - Altitude: 00 Period of Observation: 13* 1

Maximum 22.76 17.17 29.19 33.94 12.35 5.53 2.05 1.56 2.64 2.80 lo.81 27.14
Upper Quartile 15.93 10.84 17.53 19.63 9.64 1.44 0.76 o.88 1.15 1.02 5.27 9,75
Median 8.94 8.29 13.46 17.54 6,92 0.55 0.49 o.25 0.61 0.50 2.16 6.45
Lower Quartile 4.48 4.65 11.15 12.54 5,65 0.22 0.04 0.04 0.07 0.15 0.50 3.24
Minimum 2.04 0.95 9.74 6.35 2.26 0.00 0.00 0.00 0.00 0.00 0.00 0.62
Arithmetic 10.24 7.96 15.73 26.91 7.11 1.01 0.56 0.43 0.83 0.74 3.42 7.14

8. KWIRO Registration No: 9813602 - Altitude: 3300 - Period of Observation: 1934-1957

Maximum 27.58 17.33 24.06 20.36 12.76 3.41 1.40 2.83 4,41 3.83 10.37 15.91
Upper Quartile 20.17 12.47 18.95 16.66 7.16 0.71 0.74 0.74 1.04 1.92 4.58 12.23
Median 11.94 7.50 15.51 14.66 4.39 0.36 0.12 0.25 0.61 0.93 2.28 8.62
Lower Quartile 9.18 4.86 13.32 12.75 3.78 0.11 0.05 0.06 0,15 0.60 0.77 4.42
Minimum 3.46 1.05 11.64 6.45 2.28 0.00 0.00 0.00 0.04 0.01 0.24 0.75
Arithmetic Mean 13.38 8.70 16.15 14.60 5.55 0.61 0.39 0.67 0.90 1.27 3.12 8.99

9. NABENGE - Registration No: 98/3601 - Altitude: 3630 - Period of Observation: 1903-1957

Maximum 25.79 21.25 26.06 25,42 13.52 7.05 5.05 3.05 5.40 11.49 10.18 22.39
Upper Quartile 17.15 13.28 20.19 16.75 5.72 0.94 0.56 0.71 1.02 1.93 4.94 12.99
Median 13.36 9.68 16.07 13.97 4.29 0.50 0.10 0.27 0.28 0.63 2.32 9.25
Lower Quartile 8.63 6.66 12.16 9.29 2.70 0.00 0.00 0.04 0.10 0.15 0.59 4.85
Minimum 2.69 0.00 7.17 5.70 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.50
Arithmetic Mean 13.21 9.80 15.80 13.50 4.58 0,80 0.50 0.50 0.70 1.28 2.85 9.49

10. ROAM& - Registration No: 98/3603 - Altitude: 1400 - Period of Observation: 1930-1957

Maximum 28.56 18.93 21.66 21.85 8.72 1.91 1.67 3.99 2.19 3.91 9.83 21.59
Upper Quartile 16.77 12.95 16.96 13.32 4.04 0.45 0.26 0.97 0.51 0.74 4.20 12.74
Median 9.46 7.98 14.40 11.57 3,18 0.22 0.10 o.26 0.17 0.49 1.84 8.22
Lower Quartile 7.04 5.31 9.24 9.38 2.61 0.04 0.00 0.07 0.00 0.02 0.32 6.51
Minimum 4.94 1.11 7.81 5.82 1.58 0.00 0.00 o.00 0.00 0.00 0.00 0.85
Arithmetic Mean 12.15 9.05 13.90 11.92 3.88 0.36 0.23 0.70 0.43 0.63 2.64 10.05



TABLE III - CHARACTERISTIC MONTHLY RAINFALL DATA

11. IGOTA - Registration No: 9813605 - Altitude: 1300 - Period of Observation: 19 39-19 57

0 N DJ F M A M J J A S

Maximum 15.85 13.36 18.18 24.34 9.12 1.91 0.88 0.67 1,09 1.06 11.00 11.14
Upper Quartile 12.09 9.22 10.99 15.57 7,00 0.93 0.42 0.27 0.51 0.41 3.92 7.64
Median 7.84 6.24 8.60 13.33 4.42 0.22 0.00 0.10 0.17 0.12 0.65 5.26
Lower Quartile 3.98 2.71 6.66 11.07 3,67 0.00 0.00 0.00 0.00 0.00 0.08 1,67
Minimum 1,37 0.00 4.66 7.09 0.26 0.00 0.00 0,00 0.00 0.00 0.00 0.14
Arithmetic Mean 8.15 6.30 9.45 13.42 4.79 0.47 0.18 0.13 0.31 0.28 2.59 5.06

12. SOFI - Reqistration No: 98/3604 - Altitude: 1200 - Period of Observation: 1938-1957

Maximum 21.00 10.83 14.93 20.04 8.80 1.88 0.09 0.74 0.78 2.19 9.56 13.74
Upper Quartile 9.41 8.55 11.96 13.52 4.80 0.39 0.03 0.45 0.30 0.61 3.12 6.57
Median 7.27 6.36 9.26 10.67 3.20 0.10 0.00 0.00 0.07 0.04 2.38 5.12
Lower Quartile 4.92 3.59 8.34 8.19 2.30 0.00 0.00 0.00 0.03 0.00 0.33 3.81
Minimum 2.24 1.48 5.85 6.26 1.24 0.00 0.00 0.00 0,00 0.00 0.00 0.79
Arithmetic Mean 7.78 6.13 10.10 11.10 3.58 0.35 0.01 049 0.18 0.43 2.32 5.52

13. MVUMI - Registration No: 96/3503 - Altitude: 3500 - Period of Observation: 1924-1957

Maximum 11.99 13.23 10.48 10.37 2.45 1.60 0.00 0,00 1.66 1.71 4.49 10.22
Upper Quartile 7.04 5.67 6.13 3,47 0.63 0.00 0.00 0.00 0.00 0.00 0.26 5.56
Median 5.59 3.87 4.11 1.26 0.08 0.00 0.00 0.00 0.00 0.00 0.00 4.14
Lower Quartile 3.48 2.95 2.42 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.04
Minimum 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Arithmetic Mean 5.52 4.34 4.16 2.08 0.35 0.05 0.00 0.00 0.04 0.10 0.53 4.02

14. IRINGA - Registration No: 97/3500 - Altitude: 5380 - Period of Observation: 1903-1912 and 1922-1957

Maximum 13.76 10.68 13.79 10.65 5.79 0.74 0.05 0.26 1.24 1.84 7.47 10.85
Upper Quartile 8.32 6.79 8.61 4.40 0.83 0.01 0.00 0.00 0.04 0.32 2.17 6.44
Median 6.39 4.69 7.08 2.91 0.33 0.00 0.00 0.00 0.00 0.11 0.84 5.23
Lower Quartile 4.32 3.81 4.25 2.09 0.11 0.00 0.00 0.00 0.00 0.00 0.41 2.65
Minimum 1.84 1.79 2.65 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.02 0.69
Arithmetic Mean 6.37 5.15 6.70 3.23 0.40 0.13 0.01 0.02 0.10 0.20 1.01 5.08

15. MUFIUDI - Registration No: 98/3507 . Altitude: 6200 - Period of Observation: 1930-1954

Maximum 17.19 17.01 26.47 39.89 18.43 10.68 2.22 3.12 2.58 2.82 16.37 16.88
Upper Quartile 12.99 12.25 17.06 26.11 12.23 1.69 1.45 0.92 1.17 1.17 4.09 15.31
Median 10.28 7,76 15.00 19.81 9.24 0.68 0.51 0.57 0.37 0.16 2.52 10.58
Lower Quartile 8.37 5.93 11.92 14.98 5.17 0.28 0.17 0.23 0.08 0.00 0.76 6.17
Minimum 5.28 1.92 5.52 8.70 2.86 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arithmetic Mean 10.60 8.65 14.80 19.79 9.30 1.48 0.76 0.64 0,67 0.57 3.34 8.72
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16. KIBWEIE - Registration No. 98/3509

TABLE III - CHARACTERISTIC MONTHLY RAINFALL DATA

N

- Altitudes 6100 - Period of Observations 1941 - 1957

A M J J A S

Maximum 13.53 13.00 17.96 21.34 22,65 6,41 1.13 1.82 1.79 2.44 143.95 9.50
Upper Quartile 8.94 8.15 10.12 16.50 9.57 1.09 0.77 0.62 0.66 0.36 2.84 8.73
Median 8.08 6.54 7.54 13,67 6.31 0.56 0.50 0.23 0.28 0.04 1.39 6.55
Lower Quartile 6.39 5.02 5.83 11.44 3.71 0.17 0.04 0.08 0.08 0.00 0.32 4 53
Minimum 4.55 3.39 3.77 7.67 1.87 0.00 0.00 0.00 0.00 0.00 0.00 0.17
Arithmetio Mean 8.20 7.90 8.12 14.12 8.05 0.98 0.47 0.45 0.46 0.28 2.78 6.31

17. SONGEA - Registration No. 100/3500 - Altitude: 3783 - Period of Observation: 1908 - 1912 and 1922 - 195.6

Maximum 21.46 17.64 19.10 8.34 1.92 0.61 0.15 1.31 0.63 2.43 5.10 17.43
Upper Quartile 13.78 11.26 12.39 5.20 0.82 0.07 0.03 0.06 0.14 0.33 3.49 8.98
Median 11.00 8.67 10.04 4.19 0,50 0.00 0.00 0.00 0.02 0.00 1.70 7.09
Lower Quartile 7.85 6.82 7.44 2.98 0.16 0.00 0.00 0.00 0.00 0.00 0.28 4.31
Minimum 2.77 3.93 3.25 0.29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.29
Arithmetic Mean 10.90 8.96 9.91 3.96 0.54 0.04 0.01 0.09 0.15 0.27 1.74 6.75

18. IFINGA - Registration No. 99/3502 - Altitude: 2600 - Period of Observation: 1940 - 1957

Maximum 18.98 23.45 19.88 25.42 6,81 1.50 1.17 0.98 2.12 8.57 13.38 17.95
Upper Quartile 13.18 11.77 14.23 17.71 4.89 0.27 0.08 0.49 0.70 1.19 5.47 12.77
Median 11.21 8.40 12.15 15.02 4.27 0.02 0.01 0.00 0.40 0.27 1.76 6.44
Lower Quartile 10.06 5.24 11.22 10.49 2.55 0.00 0.00 0.00 0.03 0.02 1.23 3.19
Minimum 4.54 0.35 5.30 5.78 0.90 0.00 0.00 0.00 0.00 0.00 0.09 0.00
Arithmetic Mean 11.0 9.25 12,30 14.27 3.60 0.25 0.16 0.23 0.54 1.11 3.51 7.21

19. SAO HILL - Registration No. 98/3508 - Altitudes 6500 - Period of Observation: 1935 - 1954

Maximum 14.07 9,55 13.05 7.99 3.19 0.94 0.31 0.54 1.28 2.09 7.17 12.54
Upper Quartile 9.07 8.66 9.30 4.435 0.84 0.18 0.08 0.10 0.10 0.77 3.76 9.28
Median 7.36 6.89 7.67 3,17 0.73 0.12 0.02 0.00 0.03 0.36 2.42 7.08
Lower. Quartile 6.21 5.92 6.66 2.30 0.28 0.02 0.01 0.00 0.00 0.03 1.36 5.73
Minimum 2.90 1.44 2.63 0.98 0.17 0.00 0.00 0.00 0.m 0.00 0.30 2.56
Arithmetic Mean 7.65 6.76 7.95 3.38 0.72 0.15 0.07 0.07 0.10 0.91 2.79 7.19

20. MERE - Registration No: 98/3511 - Altitude: 6184 - Period of Observation: 1941 - 1957

Maximum 10.70 13.61 13.40 8.37 2.13 1.59 0.02 0.09 0.57 2.01 7.72 10.91
Upper Quartile 8.48 7.53 9.37 4.20 0.34 0.00 0.00 0.00 0.00 0.50 4.27 9.39
Median 7.17 6.31 8.26 2.47 0.18 0.00 0.00 0400 0.00 0.24 2.22 6.93
Lower Quartile 6.54 4.83 6.39 1.22 0.08 0.400 0.00 0.00 0.00 0.00 1.40 5.57
Minimum 1.82 3.71 4.61 0.26 0.04 0.00 0.00 0.00 0.00 0.00 1.00 1.11
Arithmetic Mean 7.50 8.73 8.20 2.42 0.47 0.12 0.01 0.05 0.05 0.51 3.28 6.92



21. NJOMBE - Registration No: 99/3401

TABLE III - CHARACTERISTIC MONTHLY RAINFALL DATA

N

- Altitude: 6000 - Period of Observation: 1927 - 1957

A A S o

Maximum 17.23 14.91 20.07 12.35 2.62 1.10 0.38 0.55 2.09 3.81 10.11 13.14
Upper Quartile 12.99 8.97 10.55 6.90 1.56 0.09 0.06 0.12 0.39 0,35 2 50 10.04
Median 9.50 7.69 9.72 5.30 0.98 0.00 0.00 0.01 0.02 0.11 0.50 3.85
Lower Quartile 7.24 5.88 7.68 3,62 0.70 0.00 0.00 0.00 0.00 0.00 0.16 4.11
Minimum 3.72 3.44 4.31 1.96 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30
Arithmetic Mean 9.75 7.50 9.38 5,96 1.08 0.12 0.03 0.08 0.18 0.25 1.47 6.43

22. KIPINGERE - Registration No: 99/3408 - Altitude: 7100 - Period of Observation: 1940 - 1957

Maximum 12.30 10.99 15.69 9.19 4.48 0.70 0.55 0.75 0.44 1.72 8.94 11,63
Upper Quartile 9.83 7.42 10.55 5.84 2.07 0.02 0,00 0.15 0.03 1.08 4.30 9,57
Median 7.92 5.94 8.38 4.62 1.22 0.00 0.00 0.00 0.00 0.17 3.01 6.92
Lower Quartile 5.89 3.70 6.06 2.93 0.87 0.00 0.00 0.00 0.00 0.00 0.69 4.44
Minimum 5.11 2.40 4.94 1.61 0.40 0.00 0.00 0.00 0.00 0.00 0,00 0.33
Arithmetic Mean 8.08 6.27 8.17 4.91 1.67 0.10 0.04 0.11 0.06 0.56 3.09 7.56

23. MALANGALI - Registration No: 98/3401 - Altitude: 5000 - Period of Observation: 1922 - 1957

Maximum 12.79 12.58 16.15 8.52 1.20 0.18 0.00 0.41 0.49 1.27 7.42 12.83
Upper Quartile 8.13 7.84- 9.02 2.80 0.34 0.00 0.00 0.00 0.00 0.20 3.30 8.90
Median 6.85 6.55 6.11 1.54 0.08 0.00 0.00 0.00 0.00 0.00 1.60 6.60
Lower Quartile 5.35 4.81 5.23 1.07 0.00 0.00 0.00 0.00 0.00 0.00 0.40 3.93
Minimum 1.99 2.93 2.24 0.00 0,00 0.00 0.00 0.00 0.00 0.00 0.00 2.28
Arithmetic Mean 6.79 6.38 7.25 2.16 0.19 0.01 0.00 0.02 0.03 0.15 1.79 6.23

24. MADIBIRA - Registration No: 9813400 - Altitude: 3800 - Period of Observation: 1923 - 1957

Maximum 11.28 12.23 10.55 13.92 2.63 0.67 0.13 0.00 1.22 1.18 4.96 9.90
Upper Quartile 6.90 6.98 6.58 4.02 0.88 0.00 0.00 0.00 0.00 0.18 1.82 4.85
Median 5.04 3.83 4.62 2.65 0.25 0.00 0.00 0.00 0.00 0.00 1.08 3.73
Lower Quartile 3.30 2.27 3.39 1.91 0.07 0.00 0.00 0.00 0.00 0.00 0.17 2.66
Minimum 0.00 0.67 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arithmetic Mean 5.22 4.44 4.95 3.27 0.48 0.02 0.01 0.00 0.01 0.01 1.25 3.96

25. LUPEMBE - Registration Nos 99/3504 - Altitude: 5300 - Period of Observation: 1894 - 1914 and 1922 - 1957

Maximum 20.06 17.92 19.93 23.52 5.49 2.42 0.86 2.61 4.98 11.08 13.02 19.42
Upper Quartile 13.47 10.47 14,63 12.74 4.39 0.40 0.31 0,88 1,32 1.45 4.84 11.54
Median 12.40 8.96 11.84 9.04 2.14 0.10 0.06 0.34 0.71 0.70 2.20 7.92
Lower Quartile 8.13 6.66 9.48 6.88 1.40 0,00 0.00 0.00 0.20 0.26 1.22 3.93
Minimum 4.17 2.76 7.08 3.77 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.40
Arithmetic Mean 11.68 9.39 12.35 10,36 2,84 0.34 0.21 0.56 1.01 1.36 3.24 9.15



26. RUJEWA - Registration No: 98/3403

TABLE III - CHARACTERISTIC MONTHLY RAINFALL DATA

o N

- Altitude: 3500 - Period of Observation: 1942 - 1957

A A S

Maximum 9.91 9.58 11.25 4.58 0.30 0.00 0.00 0.15 0.22 1.93 2.95 7.87
Upper Quartile 7.19 6.71 6.42 3.42 0.21 0.00 0.00 0.00 0.00 0.05 1.65 6.42
Median 6.37 4.86 4.38 1.40 0.07 0.00 0.00 0.00 0.00 0.00 0.46 5.35
Lower Quartile 4.57 2.95 3.11 0.31 0.00 0,00 0.00 0.00 0.00 0.00 0.00 3.35
Minimum 1.58 1.27 2.74 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.09
Arithmetic Mean 5.95 5.02 5.27 1.91 0.10 0.00 0.00 0.01 0.02 0.14 0.73 4.39

27. IRAMBO - Registration No: 98/3310 - Altitude: 6710 - Period of Observation: 1242 - 1957

Maximum 16.64 14.34 15.78 18.06 5.22 0.55 0.17 0.52 0.79 2.98 8.22 17.11
Upper Quartile 12.90 11.39 12.55 15.08 3.76 0.14 0.00 0.00 0.50 1.08 5.40 11.61
Median 9.15 8.44 8.19 11.23 2.91 0.00 0.00 0,00 0.00 0.58 2.88 8.50
Lower Quartile 8.13 7.57 7.06 9.25 1.62 0.00 0.00 0.00 0.00 0.27 1.46 6.54
Minimum 5.19 3.06 4.96 6.17 0.25 0.00 0.00 0.00 0.00 0.00 0.33 1.30
Arithmetic Mean 10.18 8.96 9.44 11.68 2.52 0.01 0.01 0.05 0.21 0.80 3.16 8.40

28. ITIGI - Registration No: 95/3401 - Altitudes 4278 - Period of Observation: 1936 - 1957

Maximum 9.95 10.20 9.76 12.15 1.50 1.75 0.00 0.00 0.30 2.95 8.28 12.10
Upper Quartile 8.00 5.39 5.60 3.99 0.50 0.42 0.00 0.00 0.00 0,00 2.45 7.94
Median 5.74 3.23 3.54 1.76 0.00 0.00 0.00 0.00 0.00 0.00 1.57 5.60
Lower Quartile 3.27 0.98 0.75 1.30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 4.40
Minimum 1.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Arithmetic Mean 51159 3.31 3.22 2.32 0.20 0.11 0.00 0.00 0.01 0.15 1.63 5.93

29. KITUNDA - Registration No: 96/3300 Altitude: 4500 - Period of Observation: 1934 - 195.6

Maximum 12.72 9.63 13.08 15.01 1.39 0.18 0.00 0.40 0.84 3.12 6.59 14.12
Upper Quartile 7.17 6.77 8.37 5.89 0.77 0.00 0.00 0.00 0.00 0.39 4.85 9.39
Median 6.05 5.44 6.02 3.87 0.20 000 0.00 0.00 0.00 0.08 1.93 6.76
Lower Quartile 5.55 3.49 4.19 2.10 0.00 0.00 0.00 0.00 0.00 0.00 0.69 4.09
Minimum 2.80 0.87 1.07 0.17 0,00 0.00 0,00 0.00 0.00 0.00 0.02 1.37
Arithmetic Mean 6.25 5.64 5.99 4.46 0.30 0.01 0.00 0.02 0.04 0.85 2.30 6.70

30. MBEYA Registration No: 98/3301 Altitude: 5800 - Period of Observation: 1931 - 1956

Maximum 13.41 10.51 10.50 11.94 2.14 0.35 1.24 0.56 1.10 2.52 10.59 11.31
Upper Quartile 9.37 8.63 8.64 5.03 1.39 0.03 1.02 0.06 0.13 1.12 2.30 6.55
Median 7.23 6.32 5.64 4.51 0.62 0.00 0.00 0.00 0.01 0.28 1.62 5.51
Lower Quartile 6.38 5.30 4.86 3,67 0.26 0.00 0.00 0.00 0.00 0.08 0.84 4.13
Minimum 4.33 1.44 1.41 1.77 Oka) 0.00 Th.00 0.00 0.00 0.00 0.23 0.31
Arithmetic Mean 7.66 6.34 6.10 1,59 0.71 0.04 0.02 0.04 0.10 0.51 2.05 5.36
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ABLE IV - RELIABILITY OF THE CORRELATION COMPUTATIONS

Stations with an observation period of 15 years or more compared with one another by using only 5 years,

1950/51-1954/55, for establishing the correlation curve. The other observed yearly values are compared
with the computed ones in order to find the percent error between observed and computed mean.

Name of
Station

Compared
with

Correlation
factor

Comparison 1940/41-1954/55 Comparison
for all the years available

Observed
mean

Computed
mean

%
error

No. of
years

Observed
mean

Computed
mean error

1. Iringa Mahenge 0.98 28.57 30.17 + 5.6 33 28.61 30.56 + 6.8

2. Mufindi // 0.99 77.44 79.52 + 2.7 24 83.92 85,66 + 2.0

3. Kwiro 0.99 71.52 69,86 - 2.3 22 72.23 71.58 - 0.9

4. Ifakara 0.99 48.29 51.10 + 5.7 27 49.15 51.80 + 5.4

5. Njombe 11 0.94 41.90 43.99 +4.8 25 42.55 45.60 + 7.0

6,

7,

8.

Kibiti

Ruaha

Ifakara

Utete

Iringa

Utete

0.95

0,84

0.91

40.56

63.90

48.29

40.30

64.91

51.16

-0.6
+ 1.6

+ 5,8

15

15

28 49.45 50.69 + 2.5

9. Mahenge Ifakara 0.99 74.17 68.81 -7.2 28 75.32 70.06 - 7.0

10 Igota Mahenge 0.98 49.66 52.52 + 5.7
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GRAPHICAL COMPILATION OF OBSERVED AND SYNTHETIC
ANNUAL RAINFALL FOR STATIONS INSIDE THE RUFIJI BASIN.

RAINFALL RECORDED Ei RAINFALL COMPUTED
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GRAPHICAL COMPILATION OF OBSERVED AND SYNTHETIC
ANNUAL RAINFALL FOR STATIONS INSIDE THE RUFIJI BASIN.

RAINFALL RECORDED RAINFALL COMPUTED

THIS GRAPHICAL COMPILATION INCLUDE S

RA IN FA LL RECORD S PRIOR TO 1954 / 55 AND ALSO THE SYNTHETIC

ANNUAL VALUES COMPUTED FOR MISSING Y EARS OF THE ESTABLISHED

IS YEAR NORMAL PERIOD ; 1940/41 TO 1954/55.

FOR YEARS AFTER 1954/55 NEARLY ALL

STATIONS HAD COMPLETE SERIES OF RECORDS.

ALL DATA RE F ER TO T HE HYDROLOGICAL YEAR 1s NOVEMBER TO 31640CTOBER.
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VARIATION OF MONTHLY RAINFALL FOR A NUMBER OF STATIONS
WITH LONGER OBSERVATION PERIODS INSIDE OR ADJACENT TO

THE RUFIJI BASIN.
IN ORDER FROM EAST TO WEST.
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CHARACTERISTIC MONTHLY DATA.
VARIATION OF MONTHLY RAI NFALL FOR A NUMBER OF STATIONS :11 --- YEAR MAXIMUM RECORDED.

WITH LONGER OBSERVATION PERIODS INSIDE OR ADJACENT TO
THE RUFIJI BASIN.

IN ORDER FROM EAST TO WEST.
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8. RUNOFF

INTRODUCTION

The term runoff is understood as the total amount of water going into a
river channel and_ passing a given point in a given time. Runoff can be sub-
divided into two main groups: A. Surface Runoff, which is the water finding its
way to the river without infiltration and percolation down to the ground water
table, and B. Sub-surface runoff, which is the water reaching the river channel
after percolation through the ground.

Information on runoff and river behaviour is of very great importance for
all river development, but unfortunately no reoords were available for the Rufiji
Basin when the survey commenced. To provide some knowledge on the phenomena,
hydrometric stations were established on important rivers and discharge measure-
ments were carried out for the establishment of rating curves and for runoff
computations. Altogether 65 hydrometric stations were established and at 49 of
these, runoffs were computed.

RIVER GAUGING

River gauging is tedious work which requires accuracy and skill from the
observer. Without good and comprehensive field investigations it is not possible
to achieve reliable results by hydrological analyses. In this report no
theoretical dissertations will be given on the various methods that can be applied
in river gaugings. Desoriptions of methods can be found in nearly all books on
Hydrology as for example (3). It would be appropriate, however, to mention some
particular methods and procedures whioh proved to be of great value for the
investigations, and also mention some of the difficulties which the Team encoun-
tered when compiling data on river behaviour..

A rocky control section was found for the water level readings on a
number of rivers which means that the same rating curve can be presumed to last
for years. In sandy rivers or at stations with shifting control sections the
American STOUT METHOD ( 9, p. 398 ) was used. The runoff calculations were, in
such cases, based on direct discharge measurements taken as frequently as
possible. This method is practical only for stations with relatively easy acoess,
or if a team can be stationed in the area.

Stations were if possible established close to proposed daza sites and at
points where some utilization of the water was foreseeable. It is very important
to get a network of stations, and for this purpose the gauging points should be
spread as evenly as possible over the Basin. Access and possibilities of
providing housing and reliable observers are factors which must be considered.
It is sometimes convenient to establish gauges at bridge crossings. A bridge is
often built across a rocky stretch of a river and concrete abutments may con-
tribute to the stabilization of the control section. The water level gauge must
then be established On the upstream side of the bridge and preferably at some
distance from it. Current meter measurements need not necessarily be taken from
the bridge, but if the section is suitable for such gaugings it is often con-
venient to do so.

The vertical velocity curve method (Harlacher's method) was used for
river gauging whenever possible', thus reducing to a minimum the use of "The Two
Point Method" and "The Six Tenth Method" ( 3, p. 37-39 ). These latter methods
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can be used to advantage on certain occasions, especially when compared with more
comprehensive measurements. On the other hand, in certain cross-sections great
errors can be made if measurements of this type only are used. For the Rufiji
Basin with vast distances between stations, the measurements become expensive, and
it is therefore adviseable to spend a little more time on the actual performance
and the computations to get them as reliable as possible. Some work was also done
for introduction of discharge measurements using salt solution ( 6 ). Experience
in other countries has proved the method to be excellent'in turbulent rivers where
accurate measurements may be difficult to obtain with an ordinary current meter.
The method was tried out in variouS rivers of Tanganyika by a Government Executite
Engineer and good results were achieved in mountain streams with low natural salt
content; but on one occasion, the Pangani River; the natural salt content was too
high. The quantity of salt to be added to get readable differences in electrical
conductivity was so great that it was beyond all practical and economical
possibility.

Two gauges, one upstream and one downstream, are very often installed at
the stations and readings taken at frequent intervals during the day. This
double gauge reading system gives a certain amount of check on the observers.
There will always exist a close correspondence between upstream and downstream
readings. The observers are not always capable of discovering this thus if the
correspondence is found to be correct, there is a greater probability that the
readings are real. The double gauge system is obviously also an advantage for
certain other purposes. Surface slopes between the gauges can be determined at
all stages of the river and in the event of one gauge being put out of action,
readings on the other will prevent there being periods of no observations. As a
whole, the African observers are fuund to be fairly reliable in their readings
when instructions were given clearly and not made too difficult.

Automatic water level recorders are installed at 9 stations. A limited
budget made the number of these instruments lower than was originally anticipated,
and only the more important stations have been equipped with them. In larger
catchments sufficient accuracy regarding volumes of water will be obtained from
staff gauges, and Griffin Gauges have been erected at a number of stations for
maximum flood level recordings. The griffin Gauge is an inexpensive and very
useful instrument in places where the upper flood level.records are of importance.
A drawing of the Griffin Gauge is given page 6 in Part II of this report.

Hydrological field work in the Rufiji Basin is not an easy and straight
forward task. There are viry few all-weather roads and since discharge measure-
ments must be taken during all stages of the river it was often problematical to
reach all stations during the rainy season. Land rovers were used as far as
possible and during dry seasons all stations could be visited for a proper check
and the necessary repairs could be carried out. During the wettest months roads
were cut off at many places and the.only access was on foot or by boat. Fbr
stations in the Kilombero Valley the only access durine; flood season was by motor
boat on the river, and in the first years stations in this area were gauged by
field officers travelling by a craft purchased second-hand. Due to heavy
currents, the dangers and trouble with the boat this did not work out very
successfully. During the flood seasons 1958 and 1959, smaller teams were stationed
in the area and a number of fairly good measurements were taken. Before the flood
season 1960 more money was made available and the Water Development and Irrigation
Department was able to equip and staff better teams which it is hoped will succeed
in compiling important data for the Kilombero. However, the river bed at many of
the stations in this region is changeable, and the calibration work will therefore



have to be repeated every year. The Kilombero Valley is an important area, and
water control is a necessity for the utilization of the plain. Good hydrological
records are of the utmost value, and it is hoped that funds can be made available
for a continuation and extension of these investigations.

At the Stiegler's Gorge Station on the Rufiji a permanent camp was
established with an European observer stationed from 1954. An automatic recorder
and a permanent cable construction was specially manufactured by A. Ott, Kempten,
Germany and established during 1956 and early 1957. The electric wire on the
cableway caused some trouble and it was difficult, due to access and various other
circumstances, to get reliable flood measurements. The station has, during the
last year been better staffed and it is hoped that reliable reoords can be obtained
in the future. The Gorge itself is rocky, but unfortunately there is a thick mud
layer covering the river bed. This layer is shifting, and specially during floods
changes may occur which will alter the stage-discharge relation. An additional
gauge was therefore established last year upon the Pangani Rapids and it is hoped
that this gauge will provide a better calibration of future observations. This
is the key station of the Basin and for studies on storage requirements and
operation for flood control of the Rufiji Valley and delta it is important to
have reliable records.

The west end of the Basin was comparatively easy as regards stream-
gauging. A number of gauges were established on rivers at the main road crossings
between Dodoma and Mbeya and these stations could be visited and checked all the
year round. Some more trouble was caused by stations on the Kisigo River and at
Hausmann's Bridge on the Great Ruaha. Teams had to be stationed there continually
during one flood season until the necessary gaugings had been taken.

The Luwegu River for economic reasons could not be gauged. The total
runoff can, however, be computed as a proportion of the difference between
Stiegler's Gorge and the total of the Great Ruaha and the Kilombero Rivers.

c. COMPARISON RAINFALL-RUNOFF

Runoff records for the various hydro-metric stations are available for
periods from 2 to 5 years. It is desirable to get these years calibrated against
a long time average, and for this purpose the gauged annual runoff in hydrological
years were compared with rainfall on the catchment area. In this manner it was
possible to determine synthetic runoff averages for the selected normal period as
well as obtain some knowledge on the variation of annual runoff.

The planimetered annual rainfall totals described in the previous chapter

are listed in table VI together with the corresponding runoff from the catchment.
The years of actual observed runoff are very few but mostly there exists a close

affinity between the two types of records. Correlation curves for 7 stations are

shown on page 171 and the corresponding curves for other stations show a similar

pattern.

The year 1955/56 had a very high rainfall and runoff. At many stations

the 1955/56 rainfall is the maximum observed since 1940/41, the beginning of the

selected normal period. For the correlation analyses this is very fortunate as

the curves can then be traced more accurately in their higher regions. The year

1954/55 was close to an average year nearly all over the Basin. The years 1956/57
and 1957/58 were above the average, and the last year, 1958/59, was under average
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in the Kilombero region but more close to an average year in the Great Ruaha sub-
catchment. The years of survey, therefore, cover a fairly wide range of annual
runoff, and at stations where five years of observations are available the
correlation curves are assumed to be fairly reliable. It seems that they tend
to follow a series of curves, branching out from, or near, the origin and they
become practically parallel for higher rainfall areas.

At stations where not even five years of corresponding data are available
the correlation curves obviously begome more uncertain and in such cases the curves
are traced partly by analogy with other curves, as for example Swero and Ifakara,
see page 171.

The annual rainfall for a catchment varies considerably from year to
year and in the last 19 years it is found as high as 191% of average (Kimani) and
as low as 56% (Halan). On an average for all areas investigated it varies
between 142% and 70% of the mean.

The runoff, however, varies more compared with average values. On the
Great Ruaha to Mtera, Mbuyuni and Kidatu the maximum is over 200% of average and
it might be as low as 40% on the driest tributaries observed. The maximum and
minimum values found group around 180% and 60% of average but the variation in
runoff is comparatively larger on the Great Ruaha than on the Kilombero.

d. NATURAL DOSS OF WATER

The difference between rainfall and runoff gives the natural loss of
water. Since the Hydrological year is used and the river discharge at the end
of each year practically comes back ta about the samelthe computed difference
should nearly correspond to the natural evapotranspiration from the catchment.

The data derived from these analyses are of interest and are listed
below:-

a DOSS OF WATER.

Computed as a difference between rainfall and runoff.
All data are in inches.

Kilombero Sub-catchment
Maximum Average Minimum

Kilombero to Swero 47.3 37.8 30.1
Kilombero to IfAkara 47.2 38.0 29.8
Kilombero to Ifwema 55.6 37.4 28.1
Ruhuji to Mwayamalungu 51.6 35.8 27.6
Mnyera to Taveta 54.2 37.4 27.6
Kigogo-Ruaha to Frick's Bridge 55.2 37.4 25.0
Mpanga to Mpanga Mission 54.4 39.0 28.3
Furua to Malinyi 31.2 25.2 20.7
Luhombero to Ilonga 59.5 41.9 31.2

Median for above areas 54.2 37.4 28.1

Range of dispersion (59.5-31.2)(41.9-25.2)(31.2-20.7)



It will be seen that the loss of water is much greater on the Kilombero
than on the Great Ruaha. The reason for this is obviously that more water is
available for evaporation and transpiration on this catchment. The greatest lOss
of water takes place during the wet season.

e. TABULATION OF RESULTS

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR. TABLE V.
49 PAGES ARRANGED ACCORDING TO STATION NUMBERS'.

Runoff for ten-day periods (1st to 10th, llth to 20th and 21st to end
month) for whole months and years are tabulated for the obpervation periods at
the various stations. The annual unit runoff or specific runoff is also given
expressed as acrefeet per sq. mile of catchment per year. FUrther are given the
maximum and the minimum rate of flow observed each year together with the date of
occurrance. A minimum flow may be observed over more days and in such cases the
last day of occurrance only is given.

RAINFALL, RUNOFF AND LOSS OF WATER. TABLE VI.
ARRANGED ACCORDING TO STATION NUMBERS.

These tables give the annual rainfall values for the 19 year period
1940/41 to 1958/59 in acrefeet, inches and percentage and the corresponding values
for annual runoff and loss of water. The latter two are partly observed and partly
synthetically established. .Averages for the 15 year normal period are given on
rainfall, runoff and loss of water.

Great Ruaha Sub-catchment
Maximum Average Minimum

Great Ruaha to Great North Road 36.2 26.4 17.8
Kimani to Great N.Road 35.7 18.8 11.9
Mbarali to Igawa 30.2 22.6 14.5
Halali to Iyayi 34.5 26.0 15.5
Ndembera to Ilongo 39.1 29.1 17.3
Ndembera to Madibira 35.6 26.4 16.0
Little Ruaha to S.H.Club 43.3 30.6 18.2
Little Ruaha to Iwawa 43.0 32.3 25.0
Mtitu to Mtitu Bridge 39.4 30.9 25.8
Little Ruaha to Ihimbu 38.1 28.9 22.2
Little Ruaha to Iringa 36.7 28.2 22.0
Little Ruaha to Tosamagmga 36.1 27.4 21.0
Little Ruaha to Mawande 35.4 26.7 18.5
Great Ruaha to Mkopule 33.0 24.4 16.3
Great Ruaha to Kisilwa 30.0 22.0 14.3
Great Ruaha to Mtera 28.5 20.2 14.1
Great Ruaha to Mbuyuni 28.5 21.0 15.3
Great Ruaha to Kidatu 29.0 20.9 14.8

Median for above areas 35.7 26.4 16.3

Range of dispersion (43.3-28.5) (32.3-18.8) (25.8-11.9)

Rufiji to Stiegler's Gorge 38.8 28.2 21.4
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RAINFALL.TABLE VII.
ARRANGED GEOGRAPHICALLY.

The result of rainfall planimeterings for whole sub-catchments, damsites
and other points where no runoff records are available, are given in these tables.
By applying reasonable runoff coefficients from the rainfall-runoff tables above
annual runoff can be computed.

ANNUAL AVERAGE AND SPECIFIC RUNOFF. TABLE VIII, 3 PAGES.

In this table is given a synthetically computed 15 years average runoff
for the gauging stations. These averages are divided by the corresponding catch-
nent area and the derived average specific runoff is given in the last oolumn of
the table. The table also contains runoff contribution from partia/ sub-catchments
between established stations.

f. RUNOFF MAP.

The average annual specific runoff values for the 15 years normal period
have been plotted on a map inside their respective catchments. (See Runoff Map,
Part 3 of this Report). The specific runoff stands for the runoff contribution
from each sq.mile of the catchment in a year. Isopleths showing equal speoific
runoff, here named isohydets, are drawn for each oatchnient as to average the given
specific runoff and at the same time to fit the conditions in adjacent catchments.
The procedure of establishment of the best fitting isohydets is thus by trial and
error.

Runoff from partial sub-oatchments between established gauging stations
is computed as a difference. This difference includes the loss of water in transit,
and the derived figure will be smaller than the actual. This especially effects
the driest stretches of the Great Ruaha and from the above table it will be seen
that this difference is sometimes even negative. The loss of water by evapora-
tion in this area is so great compared with the rainfall that runoff from partial
sub-oatchments cannot be computed this way. The isohydets are therefore partly
established by applying reasonable runoff coefficients based on observations in
nearby catchments and rainfall records at the few stations availab/e.

The specific runoff records show 'a surprisingly good correspondence for
areas in the Southern Highlands from Lukose River to the Poroto and Kipengere
Mountain Ranges. For the Kilombero Valley the records are not so extensive but a
good agreement was found between the various sub-catchments. No records are
available for the coast area, but the runoff is most likely under 200 and possibly
in the order of 150 acrefeet per square mile per'year.

From the map it will be seen that there is a very high runoff, as a
maximum averaging over 2000 acrefeet per square mile per year, on the south
eastern slopes of the mountain chain in the north of the Kilombero Valley. It
seems that the prevailing wind from the ocean precipitates its rainfal/ and causes
high runoff from the Mahenge Massif and on the mountain slopes in the north of the
Kilombero Valley. It is also clearly illustrated how the lower part of the
Kilombero Valley catchment has a higher specific runoff than the upper part. The
Valley Plain lies in a shadow behind the Mahenge barrier and the sPecific runoff
is comparatively low on the plains from Inri River to the junction of the Mhyera
and Nyama rivers.



Average annual runoff for any area can easily be extracted from this
runoff map, and it serves a good purpose before hydrological records can become
available on more rivers. As time progresses it is hoped that the records will
improve and a better map can then be established and preferably be fitted into
a map for the whole territory.
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l'ABLE

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

SQ MILESSTATION: iegier s Gorge CATCHMENT AREA:No. at' 3 61 106

Runoff in. Hundred Acre Feet

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Annuol Runoff:

Unit Runoff:

Max. discharge:

Min. dischcrrge:

Annual Runoff:acre feeti on

Uit Rn°i
4e3 acrelt. per sq. mile per year

Mnax.diusch rge: COO

Min. discharge:

cusccs. Date- 24, 4-56-
00 cusecs. Date1 6 6.12.56.-

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

Annuat Runoff.

Unit Runoff:

Max. discharge.

Mit discharge:

Characteristic Data

18.1.1 :7-4111 on acre feet
1A) acreft. per sq. mile per year

94 000 cusecs. Date- ___cluji_:fa.
2 900 cusecs. Daie 13.12. 5;.

Fa us acre feet
:n ac-eli per sq. n. Ile per year

106 003 cusecs. Date. l 6. 4.57
Ao0 cusecs. Date: 12. 57

7..11110J: acre Ire&

30' acrelf. per sq, mile per year
119 ...U..)

r

2. 4.5e.

cueus-eccss D-

Date:

4 .1

14.36 iì1io. acre feet
235 arreit per sq mile per year

60 000 cusws. Date: 9, 1.

1 810 cosecs. Date: -

REMARKS-
Lan. disch.l.rise 1954, 2,900 ouszcs, 4.12.54.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1e-toth 646 663 762 ;80? 10211 11' On 1511; e944 z021' 2(42 1311 1148

11th-20th 662 795 798 a9Q5 7054 13432 12956 7332 40è6 2623 17-,...9 990
Zst-th. Ant 6,74 494 1901 7233 3337 12,195 11-1 6172 37L7 2:39 13.6::. 83q

Whole month 2002 2439 3461 2910 25662 37635 3996..) 22443 .12;62 479 25 37

10-10Ih 773 634 4131 14957 13617 27503 16686 9379 4850 3221 2262 1712

nth -201h 718 121c 6-139 158-;0 13648 20661 14827 (2,58 4142 2930 2062 1)45
2wroisiast 694 2099 17.19 5 1.1213 1)531 2617 L 13442 5749 392.?" 27 1560 1565

Wiwi* monfh d.0 3951 23313 46030 2796 74.42 44937 22416 11597 j03 c:20.: L1825

1st-tOth 1274 936 1357 7611 5679 5771 174.12 ."372 41,64 3016 2151 1644

thh-20th 1136 11 3673 5915 5771 13959 1'1752 Li:27 _3717

16 -2

2761 1979 1,391

2Ist-the lest 976 1618 4391 I .;
7: 8294 1677 11...02 5781 ::381 131-: 1191

.Whole month 3366 414 - 10121 1 232 13 TO 131- ' L::: s°5 21 ;)_6 ' 8,.:2.-; .7-1. :...:

/si--/Mh 1097 766 3338 27,!4 66 16065 163J1 ,..1
---,

,. 1

llst-201h 969 1335 2416 6424 94k6 12993 13:Sj3 ... :9:->7. 3" :'....._-' l?±7

2131-07. 40 908 231 2 2501 5037 1457: 17415 1055.5 .3O 2

.

16;1 12.L.::' 1!
Whole month 2974 -.413 3765 - ,-'-u; 304:-;5 48.;T3 2_7:2 13i 91L2 t.27 4232

ist-mm 693 529 2524 450.4 1065j 9273-'7 3 0585 4517 2639 i72 118...

Uthr20th 614 1430 4790 5687 6239 8475
1614 3319 2394 1.6: 90 ._..11/4

210-ffie hist 554 3759 3561 :Yin 10433 8757 693:j 217975. 15..,3 SL:3

WI'de moMil 1861 771e 10875 16302 2'3127 26U 23-1(;2 ihl.'3- - -212 41 2-1'sb 217-1

1954/55

1955/56

1956/57

1957/58

1958/59



1954/55

1955/56

1956/57

1957/58

1958/59

57

TABLF, V

RUFLII RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE ANO RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( /st.Nov. - 31st. Oct.)

RIVER: Tovi STATION: Madizini Estate No 'Kai

Acre Feet
Runoff in-

REMARKS-

Water Develorent and Irri&ation Depertment.

NOTE; IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY II IS ENTERED UNDER THE PRVIOUS HYDROLCOCAL yE,AR-

Annual Runoff -

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runoff.

Unit Runoff:

Max. discharget

Min. discharge 31.0

This is not a coed station for calibraticn of dischnre and current meter measurements have therefore not been taken

after February 197. Water level reaclin7s continue only by te manarenent. Area of cntch:Lent is as ;:iver.

Characteristic Data

acre feet

acreif. per sq.

cusecs. Date:

cusecs. Date:

cusecs. Date.

cusecs. Date'

mile per year
5. 4.:55.

mile per year

16. 4.57.
27.10.57,

Annual Runoff: -cr- feet

acre/I. per sq. mile per year

Mij xit.idili;hifar:get cusecs.

Min. discharge:

Date:

cusecs. Dale-

Annual Runoff. acre ieef

Unit Runoff: arrelt per sq. milo pet year
Max. discharge! CUSTC5. Date:

Min. discharge: cusecs.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

tst-10M 1027 1826 940 1C29 91C 1719 1240 1147 1074 1153 567 591

fith-20th 1049 997 1049 1497 809 1274 1159 1111 1514 953 863 871

21silhe last 1024 1014 1581 728 1748 g79 2533 1059 1129 983 1032 952

WlmlemoMh, 3100 3857 3572 3254 3467 1072 45-2 3517 3717 3069 28..n 2194

1

121-101/1 877 824 119.90 _1991 1878 1608 1089 1050 1263 : »52 899 517

Wh-201h 907 1151 1142 1364 1327 1531 1154 985 1C3C 1 920 672 5.,0

21th-fhe /as! 859 2393 1406 1218 1416 3453 113,9 355 1a1: 99 532 S.=.7,

'INbcdomoM.h 2643 4368 3638 4579 4621 6592 54a2 2990 3225 2:06 203 2.,72

131-10th 1675 1152 1469 641 1351. 912 b6L c-,,),., 91C 555

111/1-20th 998- 894 1394 833 3254 89,2 50 --. ;.-_,,,- 771 653

2Ist-ihe last 931 1363 833 925 2204 cr-z6,/ . 900 1000 746 728

Whole month 3604 (4300) 3409 3696 2599 6839 2760 2515 2561 2850 2377 2377

/31-/Ofh 672 664

Ilst-20th 671 715

21st-the hut 685 798
WholemoMh

Annual Runoff - 46 079 acre ieet
Unit Runoff: 1 62.1 acrelf. per sq, mile per year
Max. discharge: 352 cusecs. Date: 27. 4.56.

Min. discharge: .7 cusecs. Date- 4.11.56.

CATCHMENT AREA: 25 SQ MILES

49 063

1 6,5-1

125
10 '

y) 673 acre feet
587 acreit. per sq.

vegem...mmm
1sI-10th

Ilth-20th

2Is1-the lest

Whole month



TABLE V

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (1st.Nov. - 31st. Oct.)

STATION:
iriuga

Runoff in 4cre Feet

No
1L4..2

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

CATCHMENT AREA: 1121 SQ MILES

Characteristic Data

Annual Runoff:

Unit Runoff:

Max. discharge;

Min. discharge:

1;9
21)00

124

acre feet

nett per sq. mile per year
CUSTCS. Date: 7. 59

cusecs. Date: 21.11. 59-

REMARKS-
Minimum discharde 1954: 129 cusacs. 27th and zeta 1:ovber 1954.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

hfrieth (3400) 3909 6138 10516 13450 20977 13422 8322 7217 )881 S.r-' ; 387'9

11th-20th 3054 7922 6915 13251 12589 19595 10213 8728 63,52 5249 4451 3475
21st-ihe Iasi 27 25 7961 8619 7731 1-268 15252 13833 - 8401 6676 - 347 4136 3454
Whole month 9179 19792 21722 31498 41315 55824 34465 25951 20745 16417 13332 10733

10-10th 2989 3790 13385 30682 28410 _16751 24547 15592 12272 9260 6973 5471

ttth-20th 284" 5068 22261 28818 27309 26911 19942 14117 10507 8561 6=0' =001

21th-the lag 27 01 °12": 2 11080 'J11- 241=6 2015A 12 JO 2- 3l 5.-;96 526
Whole monih 3t37 1793 7171 90600 20354 87121 6461-i 4286 1 32604 2i,1; ... - 15703

1st-10th 4539 5856 11589 27203 3.590», 32693 30345 1:.i200 13053 I

122'
10=-31

zsi.1

1 8127

j2 T1

6162

;Do-nor2oth 4=73 6410 16286 22671 1L3 26704 16016
2rst-meme 4105 [_9489 20015. 15761 7273:1 =099( 22763 14390 12659 97" 6819 --,
Whole month 13022 21785 4792S 65635 075 136706 73312 43603 '2:161 29c»,4 :,-;z ,,, 17311

1st-loth 4953 3817 10937 9096 16947 43516 24514 13816 10976 8452 6639 4762

11s1-20th 4653 4918 9993 17925 2586) 2E304 17444 12821 10125 7341 6042 4336

215F-thetaisr 4339 1071Z 7015? n '50136 2626z 167( 11L27 1L:' L. ¿C 5'732 -
WhoM month 1345 -r-t 1106:2 ,,, 10104 102313 ,

.-L ,t11 2LL6 ,., 27''

---------
1st-10th 3321 2901 8507 15746 20230

19403

38166 15462 9129 7760 6227 5419

5156

4658

4423llfh-20th 2933 6247 10740 11268 240/ 13030

17900 11664

84U_ 71=2 5954
626211t-Ihs last 2825 11254 13597 11613 26013 7972 7132 4.395 45=6

WholemoMh 9079 20404 32844 35327 65646 80342 40206 25534 22094 13427 15473 13637

Annual Runoff- 301092 arre fee

Unit Runoff: 267 acreft. per sq. miltper year

Max. discharge: 1300 cusecs. Date 6- 4- 55.
Min. discharge: 130 cusecs. Date 29.11. 55.

Annual Runoff- 567638 acre feet

Unit Runoff: '',Q) acreft. per sq. mile per year
Max. discharge: 2600

Min. discharge: 199

cusecs. Date- 5- 4- 56.
cusecs. Data: 23.11. 56.

Annual Runoff: )7 4172 acre fee
Unit Runoff: SCQ acreft. per sq. mile per year

Max. discharge: 5200 cusecs. Date: 17. 4. 57 -
Min. discharge 20) cusecs. Date- 30.11. 51.

Annual Runoff: 495293 acre feat

Unit Runoff: 410 acreff. per sq. mile per year

Max. discharge: 3500 cusecs. Date: 2.. 4. 53.
-Min. discharge: 136 cusecs. Date-

382510

RIVER:
Little Ftuaha

1954/55

1955/56

i956157

1957/58

1958/59



1954/55

1955/56

59

TABLE V

RUFIJI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

RIVER:
Great RualLa STATION: Kidatu

NO.
LKA8 CATCHMENT AREA: 3° 9°7 SQ MILES

Runoff in Acre Feet

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVtLIS HYDROLCO:CAL YrAR"

Annual Runoff:

Unit Runoff:

Max discharge:

Characteristic Data

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge

Min. discharge: 484 cusecs. Dale- 11.12.55.

,"

156.4

27500.

484

3.64 million
117.5

35800
454

acre feet

weft.
CUSeC5.

cuseCS-

per sq.

Date

Date

acre feet

acreft. per sq.

cusecs. Dale.

C1J$PCS. Date

Annual Runoff: 2.99 milliou -ctn feet

Unit Runoff: 91.1 acreft. per sq.

Max. discharge: 2.3 30i.. cusecs. Da fe:

Min. discharge: ¿Jr:. ' cusecs. Date:

mile per year
22. 1.56.
1.12.56.

um
REMARKS: discharge 1953/54 - 360 ousecs date: 28/11 - 3/12/54

mile per year
25. 4.57.
9.12.57.

mile per year
1. 478

12.12.R3.

Annual Runoff- 2.29 mi Ll ion acre feet

Unit Runoff: 71.0 acreft. per sq. mile per year
1Max. discharge: 2000 CuS,C5. Date- 2. 459.

Min. discharge 398 cusecs. D 3 Fe 29'11'59*

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.
..

timotti 7835 7984 8825
J

28775 174284 204170 173123

108360

84719 48919 25807 16724 13515

1101-201h 6464 8525 10361 61423 129809 190511

147648
76250 43652 20762 15516 12566

21A-H*18st 7509 12641 15002 108255 149128 120734 61589 41081 19970 14503 12962

Whole month ...2.,3838 ra1 0 4168 I 1 .3 1 451221 542129 402217 222558 133652 665ic, 46741 19'34.3

11"2111 12269 9812 14160 159802 127 56 297821 ?177a6 112502 ,,:5191 i; is7 2 i 9S0 3586
1m-2005 11142 19875 152410 105452 265652 124304 171451 266057 46546 10005 1Q872 13763

21th-theissf 10678 267 06 506184 33897 2 253846 297472 152495 69 225 43328 27526 17621 14017

wol.a. momh 34089 5639 1 800234 1 004226 846654 920097 5616q2 269784 145069 92333 59481 43616

- tee 12506 12061 2039 211181 223774 14_2300 2975 ia 130156I 579E5_ 36712 22903 16963_

tIgi-20fh -11359 11364 48157 220436 169011 250025 245048. 96661 49752 31053 19881 14984

21st-the tea 10329 19438 42158 167793 156570 500616 20674 2 74821 46806 25975 20302 15286

diihttity.±_.341.2.4a11.370S, 892961 749324 301640 154523 96740 635,86 47233

4MM 13061 9458 27247 30428 94905 350152 274711 89246 45716 28161 20512 14614

tfrst-201h 11434 1 2647 1837 0 108899 95800 269909 159842 70000 39329 24E86 13288 13474

71,1-the Ini 11010 17535 23054 148686 347598 328474 125056 544T7 359.89 25L42 16609 12(. 9

Whole month 35505 39640 68671 g2ôSQ13 538303 948535 559609 213713 121034 7,2491 55409 I 41027

131-10th 10675 9955 29429 29113 81925_ 3.25653 1724(11_ 70442 18872 21:8L1 17108 122
11fh--201// 9931. 11764 31570 50529 125118 163026 125199 56007 32043 20760 14956 11545

21sf-the last 9401 60 3192 38264 2 -786 18 681 C78' 46706 29411 21808 1".6 1127 3

Whole month 30007 82114 92991 118126 442829 672362 395433 173155 .100346 66411 .;.5627 35135

2.19 acre feet
70.9

acreft. per sq. mile per ye ar
3.4300 cusecs Date: 6. 5.55.

1956/57

957/58

1958/59



1954/55

1955/56

1956/57

1957/58

1958/59
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TABLE V

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

RIVER:
GREeT RUAHA

STATION:
rbuyuni No. In 4 CATCHMENT AREA: 28714 SQ MILES

Acre Feet
Runoff in:

NOTE: "LE THE MINIMUM DISCHARGE OCCuRS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff- 1.14 million acre feet
40Unit Runoff: acreft. per sq. m2ile. pc:55ye

5040

cusecs. Date

ar

Max. discharge- cusecs. Date-

Min. discharge: 12.12.55.
120

Annual Runoff- 1.67 million acre feet

Unit Runoff: 128 acreft. per sq. mile per ye.ar

Max. discharge: 29000 cusecs. Date: 22. 1.56.

Min. discharge! 100 cusecs. Date: 3.12-56

Annual Runoff: 2.71 million acre feet
()

Unit Runoff: acreft. per sq. mile per year

Max. discharge: 36040 cusecs. Date: 25. 4.57.

Min. discharge 115 cusecs. Dale- 10.12.57.

Annual Runoff: 2.23 million -cre feet

Unit Runoff: 77 acrelt. per sq. mile per year

Max. discharge: 22000 cusecs. Dafe 2. 4.58
103 3. 4.58.

Min. discharge: cusecs. Da's-

Annual Runoff- 1.75 ii) ion acre feel

Unit Runoff: 61 arreff per sq. mile per year
23000 ? 4.59Max. discharge: CUS?.CS. Date;

Min. discharge:
83

cusecs. D4fe:
22.11.59.

Minimum discharge 1954: 33 cusses, 6-11.11; 22.11; 3.12 and 13-14.12.54.
REMARKS-

Period Nov. Dec. Jan. Feb. March April MaY June July. Aug. Sept. Oct.

1sHOth 692 1265 2817 21137 134404 _125914 74330 34.745 18123 7693 3656 2226

Iltir-20th 1037 2069 3466 46366 85262 96691 54218 30051 1170 59_32 3250 1826

211t-tho lase 656 6016 5511 82785 101027 77171 50495 24353 13336 4839 2682 1654

Whale month 2385 9350 11794 150288 320693 295776 179053 69181 42829 1:3464 9:-.16 5706

Ist-/Oth 1516 1124 142480 290309 257044 239422 __14_0675, 79;64 - 31644 ..202 Q411 5230

Ilth-20t1, 1351 12704 121252 253822 208628 259076 115791 54411 2826S 16,80s 7679 4133

2lih-thelast 1364 15251 460307 262621 205257 201059 100343 42953 25591 13665 6500 3351

Mich.month 4231 29079 724039 826752 670929 690557 376809 167926 57300 50922 23612 1-'254 ...

1st-10th 3181 35 5 10460 200291 17/143 102691 19031.3_ 69940 .17090. ¿c 121;1 8150

ffth-20th 2713 1010 19816 183125 11524-2 1(45634 _1/1244 6)389 1,±04-65 19203 1061617_ 6650

21st-tho lag 2162 7686 v3671 139003 109975 443649 13059 47831 28460 166-52 10122 5.3.37

Whole month 8256 14261 83947 522423 422160 742176 504616 201660 96015 15C410 _32910 20137

1st-tOth 4106 2507 15887 25411 69629 261936 160434. 55765 27692 16134 9332. 6162

11.1-20th 3420 19_3é 10988 102911 75217 21A879 107994 4207L 23.656 11604 8286 .5198
2131-the lest 2790 7980 22350 1431 344838 227115 824-.19 33270 21&31

. .
1 i'426.

.
6586 5263

Whole month 10316 14423 52225 273651 489634 725950 370937 131111 73209 42166 25004 16823

1st-10th 3968 2582 17945 24807 84108 262559 121610 - 4512 k 23920 12143 5915 372R,

11th-200, 1111 3616 _27227 15511 326563 87065_ _3167D.... 199'4 of.,77, 5911 C-1
210-the lest 2701 61895 25027 32691 241369 151653 677-19 27579 16901 3151 4377 2961

Whale month 9780 68293 70199 9009 t 452340 554538 1 276424 1066_72 60735 30470 15523 9939



RFMARKS

RIVER: Great Italia

Rinu:- dry in Dece-nber 1954-

TAMS V

RUFUI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

Acre Feet
Runoff in-

.-laMIMAMOM-0

81

STATION: _ Mtcra No. LCI. 5 CATCHMENT AREA: 26254 SQ MILES

NOTE "IF THE MINIMUtket DISCHARGE OCCURS IN NOVEMF3ER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YPAR"

Characteristic Data

Min. discharge: 129 cusecs. Date: 30.11.56.

Annual Runoff: 2.65 million acre feet

Unit Runoff: 101 acreft. per sq mile per year

Max, discharge: 32000 cusecs. Date- 24. 4.57.

Min. discharge 110 cusecs. Dale m 7 .12" 57

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge.

2.09 million
80

13000

88

-cra leaf

acreft. per sq. mile per year

cusecs. Da'e- 27 3-58'
cusecs. Date. 1°3253

1 .,30Annual Runoff. acre feet

Unit Runoff: 63 acreit. per sq. mile per year

Max. discharge: 220Q0 cuscs. Date- 1. 4.59
Min. discharge- 76 cusecs 0-'0- 25.11.59.

Period Nov. Dec. Jan. Feb. March April May June .July. Aug. Sept. Oct.

1,1-10th (600) 0 4125 181'75 139016 104464

73054

_56407

45_898

. 38419

281 9 17345 974-1, 70(27 4692

4103Ilfir-20th 387 0 3719 j_331256

102477

22027 15114 8712 6164

21st-fha Iasi 71 o 5658 77635 67547 19182 13659 3736 5-i68 3752

12552Whole monfh 1056 0 13502 137780 317649 245065 140719 69548 46318 27222 15799

1s1-101h 2750 845 151636 255660 247485 224255 1496_54_ 6954 29954 16609 8191 5751

flth-20il, 2375 15771 126930 240101 207014 212931 112681 49591 24024 1_3343 7171 4696

211h-the last 1733 17930 378261 235269 205196 185091 94679 33311 2129.: 11955 6355, 4629

Who's month 6358 34546 6827 7 31010 699695 642`r'77 -57216 1 8d 7172 12112 d 2 1^0-1 --

Ist-lati.. 3557 3417 11401 164256I 185321 107450 181816 97535 40835 20142 12321 . 7440

Ilth-21th 3114 3832 46469 175654 14_7529 1845n 169031 73i A4 32991 172,-x3 9367 6663

t2lsffh. East 2602 7138 36313 136240 124023 369389 1,-5586 52754 29406 16522 7812 5695

Whole Month 9273 14387 94183 496150 454878 661914 4964 v; 220723 103232 53894 29500 19793

lii-lOth 4305 2276 18694 24693 72826 238656 164367 57872 27290 15139 9724 5952

11si^-201h 3464 3:116 12935 109543 74006 222100 110357 43949 22702 12616 8351 4874

Ost-thelest 2993 c1,577 28530 132776 232457 20111-2 i4832 I L1.215 20030 11942 7054 4222

Whole month 10762 14269 6015 267012 4129289 662071 359E06 136036 i 70072 39697 25129 15048

hiWth 2859 1730 16329 26201 73761 245502 133567
f

2663 25642 j 11632 6832 3777
_.

11M-210I 2335 3217 30914

24531

39281 112419 15E063 99260 40174 20946 9706 5512 3359

2tstthe test 1.962 65695 33526 248024 161693 78333 31401 17242 8804 4401 2759

WildemoMh 7156 70642 71774 99308 431204 559458 311157 124238 I 63837 I 30142 16745 99-e=5

Annual Ru off- 1.0.1 million acre feet

Unit Runoff: acreft. per sq. mile per year

Max discharge: ll000 cusecs Date- 1' 2" 55
Min. discharge: cusecs. Date-9.12.55.

Annual Runoff; 19 rai114 pc. acre feet

Unit Runoff: 110 acreft. per sq. mile per year
Max. discharge. 26000 rusecs. Date: 21. 1.56.

1954/55

1955/56

1956/57

1957/58

1958/59



Chimala

52

TABLE

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. 31st. Oct.)

RIVER: STATION: Na
1K-47Chicaala

Acl-e FeetRunoff in

REMARKS

NOTE! "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR'

CATCHMENT AREA: 85 SQ MILES

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year
ROO 5 4.5>Max. discharge: cusecs Date

Min. discharge: 21 cusecs. Date' 9.12.55.

Annual Runoff: 90 4c-31 acre feet

Unit Runoff: 1 064 arreft per sq.

Max. discharge: 1 600 cusecs. Date21-Min. discharge: cusecs. Date.

1 CoAnnual

Runoff- 91 435

1

acre feet
7Unit Runoff: acreft. per sq. rn:/00.1p1e.r57ye .ar

Max. discharge: 1; 200 cusecs. 8. 4.^7

Min. discharge 18 -usecs.

Annual Runoff: 56 961 -cre feet

Unit Runoff: 670 acreft. per sq. mile per year

Max. CBSChOrge: 6'50 cosecs- Daie 1e 158.
Min. discharge: 14 cusecs. Da'e 7.11.58.

Annual Runoff- 102 660 acre feet

Unit Runoff: 1 208 nett por sq. mile per year
2 COO 27. 3-59.Max. discharge: cusecs. Daie:

Min. discharge: 38 cusecs D-'e- 25.11.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

Ist-lOth 1735
....

5559 6338 3761 138 768 - - 554 453 416

Ilth-20fh

1

1557 291-i. 4912 2934. 105U 687 510 420 417

21sfrthe last 2001

5325

3134

11606

4197

_1E447

2063

8818

905

3301

659

2.i.1
544

1605

407

12b0

51=,

1348Whole month

10-tom 485 529 3278 6750 5351 4540 ,,^ g '4 I 1E37 1C76 766 610 535

fill.-2110. 434 1117 3675 7942 3146 3613 2951 153 956 709 544 496_
2111)--th* last 499 1916 6356 521:-. 304:z ¿.69 2524 1t56 9E9 711 :09 55,,

Mole moMh 141c 3562 13349 23905 11343 3.,...)" 3C227....89:-..: 2:: 91 720.3 1563 15.57

131-10fh 631 606 1591 5543 1263 7577 152-1. 97,
_

604 4.50

110,-20th 474 557 2031 571?! 305.2 1.14:43 902 , 721 544 408

21st-the last 431 717 3061 5E9; z,1,32, 1104,1 2T 114 3 73i 45t 452

Whole month 1536 1880 t 66:: 3 17451 115LE ,.:%..:6 ,L097 22:-01 16L4 1340

/31-/Oth 425 472 2004 852 1571 5446

2912

3375

- : _...

2150 T5

71C

676

524 403_ .--
369

352

1151-20fh 442 605 1023 1708 1629 75C 476

27st-the last 417 1611 1115 1287 9:207 -1:31 J 9s6 SOT .1.--,1 455

Whole monih 1254 268:3 4.1,12 --)., i 1:-.>313 1._j j 3011 2305 203( 1-5s 1124

Isf-101h 301 702 1051 6526 7424 10829 3775 1461 8';',-, 642 503 458

//11-201h 439 822 2228 5953 3231 41:t2 2633 1219 750 602 470 442

2tst-the last 767 2593 2936 4760 1?-457 4020 2112 726 603 451 472

Whole month 1507 4117 6415 17241 35112 16971 8570 3668 23/16 1847 1454. 1412

1954/55

1955/56

1956/57

1957/58

1958/59

mile per year
11. 2.56.
15.12.56.



1957/58

1958/59

RIVER:
Great Ruaha, STATION:

atefforth Road
(.himada)

Acre FeetRunoff in-

83

TABLE V

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

No.
1KA8

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEN1BER, DECEMBER OR JANUARY IT 13 ENTERED UNDER TFE PREVIOUS HYDROLOGICAL YEAR-

328
CATCHMENT AREA: SQ MILES

Annual Runoff- 236 737 acre feet

Unit Runoff: 722 acreft. per sq. mile per year
3 600

Max. discharge- cusecs. Date: 2. 4.55.
Min. discharge- 49 cusecs. Date- 27.11.55.

Unit Runoff: "..; 26'8' acreft. per sq. mile per year
Max. discharge: 5 300 cusecs. Date- 19. 2.56.

Min. discharge: 57 ouseos. Date- 12. 10.56.

Annual Runoff:

Unit Runoff:

Max. discharger:

Min. discharge

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

Ch aracteristic Data

Annual Runoff- acre feet416 008

367 673

/ 121

200

62

acre feet

acreft. per sq.

cusecs.

Datecusecs.Date:

-cr= feet

acreft. per sq.

cusecs. Date

cusecs. Da.e-

acre feet

acrelf. per sq.

cusecs. Date-

cusecs. Da1e-

REMARKS-

mile per year
22. 4.57.
23.12.57.

ralle oer year
22. 3.58.
3.12.58.

mile per year
27. 3.59.
20.11.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

151-100, 1328 1225 9250 29676

12140

31381 10146 4012 2514 1872 151.0 1326

Infr-20th 2080 2279 10878 20263 7826 3305 2192 1714 1422 1215
21s1-fhe last 1759 6702 14774 22978 13440 5419 2853 2117 1726 1509 1300

whole rnonih ( 2576) 5167 10206 34902 64794 65084 23391 10170 6823 5312 4471 3841

/xi 10th 1319 1115 13456 37145 24960 34015 17905 5544 3199 2547 1888 1633

nth-2ofh 1102 4202 15486 37127 20028 20875 12264 4354 3066 2420 1816 1156

21t1-thelast 191 21 4014.0 12- 206 - 2-k5 950' )871 3126 2454 17-2 1365

Whole month 3634 12534 69882 105525 65631 78734 39573 13971 9393 7421 5456 4154

Ist-10fh 1455 1464 4118 29989 18170 32554 16462 6618 3928 2812 2131 1630

nal-2541 1292 1606 R727 2624° 12995 36691 11080 5313 3434 2552 2009 1650

21.1.-Meled 1339 2288 11508 22116 28696 44698 10499 4448 3461 2551 1934 1744

Imintemomh 4086 5358 21353 1 78374 59861 113943 38061 16579 10843 7915 6076 L-2'AJ-4.-r

15r-400, 1577 1777 11259 4946 13341 27283 16263 5010 3272 2253 1764 1491

nst-20/h 1627 2134 5221 24138 38591 14157 8968 4222 2859 1971 1897 1525

2Ist-the last 1314 5624 6545 16329 62787 15622 7069 3650 2728 1934 1613 1521

Whole month 4518 9535 23025 45593 114719 57062 32300 12832 ,.-...59 6155 5294 4537

Ist-lOth 1598 1592 4762 22907 49533 29964 I 10666 6629 5335 4569 4179 4031

3793Vffi-200, 1539 2550 11544 23616

18168

28954 15541_ 8454 6099 5002 4463 4009

27st-lho Iasi 1770 11325 12800 88906 14325 8086 5731 5321 4871 4118 4127

'Whole month 4898 15467 29106 64691 167391 59830 27206 I 18499 15661 13903 12306 11951

1954/55

1955/56

1956/57

324 482

989

7 500

440 871

1 344
20 000

165



1954/55

1KA.9
STATION: No.

Gt K. Road

Runoff in Acre Feet

64

TA2LE V

RUM, RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( Ist.Nov. - 3Ist. Oct.)

REMARKS.

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEAABER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

173
CATCHMENT AREA: SO MILES

Annual Runoff-

Unit Runoff:

Max discharge-

Min. discharge:

Characteristic Data

rre feet
acreft. per sq.

casecs. Date-

=secs. Date:

mile per year
1. 4.55.

10.12.55.

7.11Annual Runoff- 2)7153 acre feet

acreft. per sq. mile per yearmU an xit.Rduisncohffa-

56

Min. discharge: 15

4000 cusecs. Date-
143.122.5566.cusecs.Date-

Annual Runoff- 187137 acre feet

Unit Runoff: 1082 acreft. per sq. mile per year

Max. discharge: 2400 cusecs. Date. 7. 2 :7;7-
14 14.12.57.

Min. discharge cusecs Date:

4612Annual Runoff: 15 -cra feet

Unit Runoff: 894 acreft. per sq. mile per year

Max. discherge 3200 cusecs. Date- 22. 3.58.

Min. discharge: 13 cusecs. Date 13.11.58.

Annual Runoff:

Unit Runoff:

Max. discharge-

Min. discharger

164111

950

8400

14

acre feet

nett per sq.
cusecs. Daie-

cusecs. Date

mi21e per.y9.ear

23.11.9.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept_ Oct.

Isi-/Oth (848) 922 6857 20790 20U4 4672 1943 1140 794 600 488

11th-201h 1750 2898 13761 10562 9930 3316 1596 1002 712 575 435

2111-the lest 1281 6965 12417 21145 6744 2114 1351 n.7.0.- i 703 554 437

Whole month (1140) 3879 10785 33035 52497 - 36988 107C2 4-90 3092 2209 1732 1160

Te-loth 382 315 7430 34141 16345 22116 5505 2353 1280 943 730 600

fith-20th 334 1448 11778 26220 15088 10432 3820 1862 1094 870- 665 490

21th-th.lasi 338 4542 29097 25918 15345 7522 3224 140
4.

1144 0,-.
,_,z . 600 517

Whole moMh 1054 6605 48305 86279 46778 40070 12549 5755 3518 2638 1995 1607

Isf-10fh 417 424 1078 20116 14724 17809 7762 3078 I 1703 938 669 499

mh-2oth 369 381 2021 12723 10349 16795 5374 2538 1474 838 628 527

2/1frths last 347 674 4423 12920 20296 15446 4460 2008
I

1406

81?

572 546

' Whole month 1133 1479 7522 45759 45369 50090 17596 7624 I4583 2591 1869 .1572

.....ezesmseet
Ist-I0fh 446 820 5215 2363 '7279 17477 4741 1589 1106 742 548 436

1111-201h Al r-:-rd. 715 2361 10152 18380 9469 3283 1531 . 966 682 497 410

21s(-the last 332 2341 3367 9775 13983 6167 2701 1333 923 683 482 362

Whole month 1233 3876 10 43 22280 -9642 33313 1,07;.5 1-7. n 2995-, J.) 2107 1527 1208

1st-10th 286 304 875 7563 17804 19311 4672 1845 1080 114 590 441

11fh-20O: 293 462 5408 7159 14765 9602 3207 1505 909 644 474 395

215t-thet last 323 2521 4978 6540 36385 7012 2643 1265 876 646 426 458

Whole month 902 3287 11261 21262 68954 35925 10522 4615 2865 2004 1420 1294

RIVER:
Kimani

1955/56

1956/57

1957/58

1958/59

162309

9";8

1600



1954/55

/955/56

65

T.L3LE V

RUFUI RIVER SURVEY. HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

oar:all -
STATION:

Iva
No

Runoff in. 4;1 are Feet

1.KL.11

NOTE: "IF THE MINIMum DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS EN :ERE) UNDER TE PREV!CUS !-IY:a0LCO:CAL YEAR"

CATCHMENT AREA:_
619

SQ. MILES

Annual Runoff-

Unit Runoff:

Max discharge.

Min. dischcrge:

Annual Runoff:

Unit Runoff.

Max. discharge:

Min. discharge:

Characteristic Data

acre feet

acreft. per sq.

cusecs. Date:

cusecs. Date-

acre feet

weft per sq.
cusecs. Date

cusses. Date

410630 acre feet
661

7000

mile per year

31.1.55.
20.11.55.

mile per year
27.1.56.
26./1.56.

Annual Runoff-

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusccs. Date. , 2.57
115Min. discharge cusees. Dale: 3.12-57.

Anneal Runoff: 312506 acre feet

Unit Runoff: 537 acrelt. per sq. mile per year

Max. discharge: 7500 assets. Date- 20- 3.5"
110Min, discharge: cusecs. Dat14.11.58.e-

Annual Runoff. 332352 acre feet

Unit Runoff: `....._Za acreit. per sq. mile par year
16000 274 3.59.

131 17.10.59.
Max. discharge: cusocs. Date-

Min. discharge: cusses. Dew

REN1ARKS-

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

h1-toth
.

12215
.

14421 22170 26579 13216 5545 1187 4547 4339 2700

11111-20th 17746 14750 12708 17542 11412 8555 6171 4532 3721 2008,
210thesiest 17171 14135 91707 14504 111'..f.) SI il 582.1 z.6.17 3310 2097

WheemoMh, ( 6600) (6820) 47335 43558 55585 60625; 3j770 26234 19201 15026 11370 6595

/0-10th 1650 2034 12263 19654 27760 41361 17373- 5 6286 '20;5

L61:1.,e4 -..

4430

4063

1276

319271th-23th 1416 12021 16574
39335

38895

31613

2632.5

93394

214363

22574

13354 6112 5924

2litr-theieti 1663 6752 114,57 71735 5586 5448 3287- 3593

Whole month 4931 20807 6:3722 113162 32359 c,716 ._, - . 26L 13;& 16114 11600 9566

1st-106 2698 1622 7249 33529 15456 3 77'7 9434 6472 5Cth, 417 3247

11th-20th 2811; 4244 9657

15133

24824 14797 z3534 11917 7779 5555 4790 389 :3 -2918

2Tst-th. 4st 2843 6450 19406 29421 253; ]2.9 7030 6016 4963 3615 3088

Whole month 8356 14316 35089 78139 ::9674 96d44 3975c 24293 18376 i24C 11680 9273

istlOth 3e06 2915 17027 7881 15595 24871

11694

10992 6464 5144 4304 3553 2932

110--20th 2763 44.34 5129 17237 25041 8002 6044 4532 0i 3337 2906

2I3tth last :706-.2 8492 10364 12186 55;04 12010 7926 5525 48.16 4157 3281 2708

Wholomonfh_ 627 15541 30520 370- 93942 546:5 2:3926 1E333 1.::2 1216 1017:3 8546

151-10th 24°9 2::.59 3634 8756 23049;

22719

37615 9604 6075 50.1.5 4160

4017!

3459 :09:5

28661/th-200 2412 3980 20412 9176 19:40 7936 5631 4640 3155

7W-iheW 2891 10406 7760 13650 45151 121-26 7449 . z2-1L' C::- 3139 , 3460

wholema:A 780: 16945 31E06 1 31782 90921 64991 2511.9 17120 12-1;9 :2220 9703 94.21

RIVER:
r

317999

544

3100

SS

494340

799

9300

105

1956/57

1957/58

1958/59
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TABLE V

RUF111 RIVER SURvEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( Ist.Nov. 3Ist. Oct.)

RIVER: Halali STATION: Iyayi 6/5 No. 31CAl2 CATCHMENT AREA: 302 SQ MILES

Runoff in Acre Feet

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR-

Characteristic Data

acre feet

avert per sq. mile per year

cusecs. Date:

cusecs. Date-

acre feet

acreft. per sq.

cusecs. Date-

castas. Date-

mile per year
5. 4.56.

27.11.56.

acre feet

acre& per sq. mile per year
7. 2.57.cusecs. Date-

10.12.97.cusecs. Date. -

acre feet

acrelt. per sq. mile per year

cusecs. Date- 17* 3"58.
12.12.58.cusecs. Date-

acre feet

acrelt. per sq.

cusecs. Date-

cosecs. Date.

REMARKS-
The discharge figures for 1955/56 have been obtained by using a rating curve established before construction of bridge.

River was dry part of November, December 1954 and part January 1955.

mile per year
27. 3.59-
1.12.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1s1-10th

11th-20th

21,i-the last

Whole month

W-10fh 0 12065 4626 20503 3358 1171 438 242 145 56

116-20th 3570 10218 5559 5541 2801 882 354 214 119 45
2101-thelast 11917 10548 7792 4013 2014 552 311 193 77 40
WholismoMh 0 10 15507 12851 17977 10057 8173 2605 1103 649<...............-----7.--..341 141

Id-10th 48 222 476 8861 3465 5418 2529 884 412 269 138 53

110r2001 72 106 469 5261 4560 8483 1658 693 353 206 110 71

21st-theiast 112 296 1949 4023 5992 3835 1274 538 363 214 78 83

whaemomh 232 624 2894 18145 14017 17736 5461 2115 1128 689 326 207

1st-10th 78 20 3395 3184 6841 6891 3461 i 1085 589 538 314 233

110-20th 53 282 703 6431 10157 4301 2044 923 519 474 245 236

215t-the last 36 1532 4290 2370 24 230 4 255 1573 749 536 433 224 193

Whole monfh 167 1834 8358 11955 41228 15447 7078 2757 1844 1445 783 r 669

1st-1011. 113 42 195 916 4063 12047 I 2764 1114 604 407 268 240

VOr20th 98 135

1

701 1381 4336 4899 I 1995 809 543 400 248

235

219

236ils fi ht. ma 83 1019 152 4032 15880 3664 1521 694 475 345I

WholamonM 294 1196 1048 6329 24279 j 20610 1 6280 1 2617 1622 1152 751 695

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:
0

Annual Runoff: 109 414

Unit Runoff: 362

Max. discharge: 3 300

Min. discharge: 0.4

Annual Runoff- 63 574

Unit Runoff: 210

Max. dischargik 2 000

Min. discharge 1..0

Annual Runoff: 93 418

Unit Runoff: 309

Max. disch arge: 1 900

Min. discharge: 1.0

Annual Runoff- 66871

Unit Runoff: 221

Max. discharge: 4 900

Min. discharge:
6.7

19 54/5 5

1955/56

1956/57

1957/58

1958/59



Acre Feet
Runoff in
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TABLE V

RUFUI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE ANO RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

Ilongo
STATION: No.

NOTE: "W THE MINIMUM DISCHARGE OCCURS ¡Ni NOVEMBER, DECEMBER OR JANUARY IT !S ENTERED UNDER ThE PR-. :GUS HYDROLOGicAL YEAR-

404
CATCHMENT AREA: SQ MILES

acre feet

acreft. per sq. mile per year

cusecs. Date:

cusecs. Dale

acreft. per sq. mile per year

cusecs. Date- 20' 3'56
28.11.56cusses. Date-

acre feet

cusecs Date: 20.11.57

Characteristic Data

acre feet

acreft. per sq. mite per year

cusecs. Dales 20. 4.57

acre feet

acreit. per sq.

cusecs. Date:

cusecs. Date:

acre feet

acreit. per sq.

cusTcs. Date-

cusecs. Date!

REMARKS.

mile per year
1. 4.58
9.11.58

mile per year
6. 4.59

24.11.59

Period Nov. Dec. Jan. Feb. March April May June duly. Aug. Sept. Oct.

1st-10th

lfh-20th

21st-the /BA

Whole month

1st-Ion. (l.0000) 10504 11874 5436 1:328 1063 514 233 130

flth-206 9063 14713 9461 3.--:.:9 1335 745 .42 133 - 106

2111r-the last 15376 13320 7602 3303 1153 679 352 149 98

Whole month (100) ( 500) (110.30) 34439 35537 29337 12128 4313 - .2437- 1303 . 570 334

151-10fh 88 113 2294 7824 5373 13223 _9191 1105_2657 630 334 160

fith-2001 92 120 3366 3277 4323 21341 6246 1943 888 548 240 140

Zat-the last 88 215 5755 4747 4933 3069? 4395 1389 806 4?-7: 101 121

Whole month 263 453 11415 20848 15179 62761 19832 5959 2799 1673 765 427

1sI-10th 93 81 2071 1,306I -ke,i_

4556

e 4c,:
3130

1 0 Fp 245 166 101

11st-20th 76 89 2071 5212 7962

5344

771 386

336

210 112 102

2151-the test 35 246 1385 4038 10617 20_32 :;,:, -
..d. ,-. 205 1e4 (F.- ./

Whole month 256 416 5527 11206 1912.2 23330 3736 2443 !--..0., 630 432 301

131-10th 58 117 3363 5040 7753 9544 3306 322 4-a ) 173 124

fith-20th 122 171 4139 6032 6420 75.32 2399 621 401 210 16, 129

2/sf-fhe last 125 3220 5927 4049 8219 4312 1763 463 341 231 130 123

Whole month 305 3503 13179 15171 22397 21388 ":1_68 2006 L 1192 706 469 381

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runoff- 139 051

Unit Runoff: 334

Max. discharge: 948

Min. discharge: . 39

Annual Runoff- 142 409

Unit Runoff. 352

Mar. discharge: 5 5_30

Min. discharge 3.5

Annual Runoff: 74 350

Unit Runoff: 184

Max. discharge: 594

Min. discharge: 2.4

Annual Runoff. 87 87o

Unit Runoff: 213

Max. dischargt 50(7.;

Min. discharge: 4.9

RIVER:
Ndembera

1954/55

1955/56

1956/57

1957/58

1958/59



1954/55

1955/56

1956/57

1957/58

1958/59

REMARKS:
No observations after 1/10/56. Readings transferred to gauge at ilew Road, No. 1KA.46, as LKA.16 was not a good station.

The records should be more reliable at the new site where it is assumed it will be possible to establish a more accurate

discharge rating curve.
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TALE v

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lstNov. 31st Oct)

Old Great N.Road

RIVER: Liosi (Lunwa) STATION: Igorusi No.
1rk16 CATCHMENT AREk SQ MILES

Runoff in

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date:

Min. discharge: maces. Date:

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: tutees. Date:

Min. discharge:
0, 7 cusecs. Odle- 27 .11.56

1 484
Annual Runoff. a:reef/keep:1.

q. 2775ii ellp: 5r 7yearUnit Runoff:

Max. discharge:

44 505

cusecs. Dale:

Min. discharge
2.0

cusecs. Da le-

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

23 962

799

Uncertain

acre feet

acreft. per sq. mile per year

cusecs. Date-

cusecs. Date-

Annual Runoff- acre feet

Unit Runoff: arrelt. per sq. mile per year

Max. discharga cus :MS. Date-

Min. discharge; cusecs. Dale

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1st-10th

Ilth-20fh

2tsfrtheint

WiteemoMh

1st-10th 2572 2539 2139 432 190 119 61 56

116-201/1 1716 2364 1324 268 150 90 71 49

2lttr-thelast 1535 3036 867 1 225 132 99 74 53

Whole month 5823 7939 4330 925 472 306 206 158

1st-10th 37 44 147 4612 1576 2359 2342 435 220 90 71 42

11th-20th 24 27 500 2735 665 10661 1246 302 146 79 45 45

21st-the last 22 52 958 2646 1017 9589 930 235 117 65 40 54

Whole month 83 123 1605 9993 3558 22639 4518 972 463 234 156 141

UhMffi - 45 63 354 231 1157 3760 1298 411 129 99 64

11st-20th 46 96

1

157 972 2549 1990 867 214 115 81 59

213t-the last '51 125 199 1165 5017 1326 760 164 127 76 45

WholemoMh 142 234 710 2363 8723 7076 2925 . 769 371 256 16e (150)

/sI-10111

/111r-20(h

21st-the lest

Whole month
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9111.:31:7 V

RUPLII RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (1sLNov. - 31sL OcL)

Old Great IT.Road
RIVER: /Jambi STATION: ICalanzi NO rail CATCHMENT AREA: 32 SQ MILES

Acre Feet
Runoff in-

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT 15 ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff! acreft. per sq. tilde per year

Max. discharge. cusccs. Date-

Min. dischcrrge: cusecs. Date

Annual Runoff: acre feet

Unit Runoff.: acreft. per sq. mile per year
Max. discharge: cusecs. Date-

Min. discharge! 3.4 cosecs. Dalc 3041.5t5

Annual Runoff: 49 711 acre feel
Unit Runoff!1 53 acreft. per sq. mile per yearj
Max. discharge- ... Uncertain cusecs. Dale-

Min. discharge 3.5 cusecs. Dale: 1.12.57

Annual Runoff:25 522 -cra feet

acreft. per sq. mile per yearUnit Runoff. 706

Max. discharge- Uncertain cusecs Dae
Min. discharge- cusecs. Datin-

Annual Runoff: acre feet

Unit Runoff: arr-iff. per sq. mile per year

Max. discharge: cusacs. Date-

Min. discharge: cusecs D-'e-

REMARKS-
No observations after 1/10/58. Readings transferred to gauge at New Road No. 1KA.49 as lICA..17 was not a good station.

The records should be MOre reliable at the new site where it is assumed it will be possible to establish a more accurate

discharge ratinj curva.

Period Nov. Dec. Jan 'Feb. . March April May June July. Aug. Sept. Oct.

Ili/Ofh

llth-201h

2131-the lest e-

Whole month

10-lath 1832 610 304

237

186

159

116 118

ilth-20th 1 292 173 149 110

1162m,ffi.I.e 7426 942 331 212 144 138

WholemoMh 1066 1161 751 491 423 346

IstliDth 159 100 355 4869 2318 3325 2520 -745 670 211 171 146

offi-201h 62 83 327 3545 2046 -6865 1477 667 420 195 144 123

2Nfrille faa 75 119 2511 2909 2250 7710 1145 646 263 211 152 132

Whde moMh 116 302 1195 11323 6614 17020 5142 2061 1353 617 .467 401

1,f-lOth 108 104 598 193 517 3740 1738 51 279 230 143

//0-20M 96 152 181

297

701 2340 1699 10T5 425 237

222

206 141

2Ist-the last 80 277 719 4010 1369 /49 176 118

WholemoMh_ 204 511 1079 1613 7675 7338 R5c 1307 735 614 402 (383)

1sHOth

llth-201h

2W-Metast

Whole month

1954/55

1955/56

1956/57

195 7/58

1958/59



1954/55

1955/56

1956/57

1957/58

1958/59

TABLE V

RUHR RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

Old Great N.Road:swiswiKalanzi 1KA18
RIVER: STATION: No.

Runoff in. Acre Feet"

70

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE REV/GUS HYD2OLOGICAL YEAR"

36
CATCHMENT AREA: SQ MILES

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: Bereft. per sq. mile per year

cusecs. Date.ddiissechharargger:

cusecs. Date-

Annual Runoff acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date:

Min. discharge: 5.7 curcs. Date: 27.11.56

Annual Runoff 52 603 acre feet

Unit Runoff: 1 462 acreft. per sq. mile per year

Max. discharge: Uncertain cusecs. Date:
6.3 4.Min. discharge cusses. Date: .12.57

0 44 71Annual Runoff; 5 -cra feet

U nit Runoff: acreft. per sq. mile per year

Max. discharge: Uncertain

Min. discharge:

cusecs. Date-

cusecs. Date:

Annual Runoff: acre feet

Unit Runoff: ',emit. per sq. mile per year

Max. discharge: cusacs. Date:

Min. discharge- cosecs_ Da'e

RENLARKS:
No observations after 1/10/55. -Readings tressferred to gauge at iliBw Road 1KA,50 as 1KA.18 was not a good station.

The records sauld be more reliable at t,Je new :site whore it is assumed it will be mozeible to establish a more accurate
discharge ratind crve.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

lst-lOth

11th-20th

21:1-the last

Whole month

- 10-10th 2725 ?L17 999 573 380 198

Mh-20ih 2'-'3 1612 731 506 346 254

633

180

Oth-ffieW fl2T7 2:370 1131 635 50.7 340 185

WholemoMh t, , i 5960 2-: io 15-D -; 1066 761 861

1sI-10fh 227 214 412 3602 13t9 ( 3325; (2;?0)_... 901 500 135
i

265 166

llth-20th 237 176 487 3455 11 6 L.102± (1660) 709 439 - 310 2ll 161

21sf-the last 131 20'i 1297 3215 1025 (10.:e5) 16-51 57: 413 286 200 175

whedememh 495 599 2196 10269 3555 ( 23:545) (6111) 2187 1352 931 750 502

151-10th 168 146 318 197 _t=a- 9í:: t
t,-

65:.:3 56 279 221 216

use2C71h 164 333

480

182 495 3466 2661 ,.:(-1 279 221 20,1

21sf-The lest 141 4.49 963 d5-94 :;21 1L65 "32:: 2:f5 2,17 224

Whole month 473 959 959 1652 13474 17.:23 11317 17O1 EL; 6E:6 644 (533)

.11(-10th

1111S-201h

2Ist-the fast
eWhole month



Acre Feet
Runoff ¡Ir

71

TABLE IT

RUM! RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

RIVER: STATION: Rujewa Fermi
No

1Wi19
CATCHMENT AREA:

762
SQ MILES

unstream, and the run-off at Rujewa computed accordin-ly.

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Annual Runoff acre feet

Unit Runoff: acreff. per sq. mile per year

cusecs. Date:Max, discharge-

Min. discharge: cusecs. Date.

Characteristic Data

Annual Runoff: acre fee,

Unit Runoff: acreff. per sq. rnile per year
Max. discharge: cusecs. Date.

Min. discharge 107 cusecs. Va ir 3.12.57.

Annual Runoff:372 452 acre feet
Unit Runoff: 439 acreft. per sq. mile per year

i Est . 8 000
cusecs. Date-

Min. discharge:

18' 3' 58'Max. dscharge:

92 cusecs. Date- 14.11.58.

Annual Runoff. 376 044 acre feet

Unit Runoff: 493 nail per sq. mile per year
Max. discharge: Est .44 000 cosecs. Date: 27 3-59
Min. discharge: 127 cusecs D-le 17410.59.

REKARKS-
The control section for the Rujewa Ferm gauge is sandy and changeable, and as a result no permanent discharge rating curve can

be established . The current mete: moasurer.ants t ak:en at Ruj ewa have therefore been vela ted to water levels at aizaJa, 15 miles

Period Nov. Dec. Jan Feb. March April May June July. Aug. Sept. Oct.

1st-10fh

1111,-20th

21si-the last

Whole month

1M-10th 41624 17255 10538 7109 5490 4331 3262

Vffi-210117 39337. 13287 8654 6437 5138 4048 2391

24frihe MO 28677 13750 7330 6544 5284 3699 3009

INhae moMh 109638 44292 27022 20090 15912 12128 9162

1M-10th 2970 2878 16863 8661 17666 28301 12266 7115 5558 4543 3635 2883

11st-20th 2690 4695 55.21 19333 32483 15253 8922 6618 5133 4195 3368 2858

21st-the last 2401 9342 11547 13683 67420 13420 .3766 6032 5141 4343 3303 2586

ma.momh 8061 16915 31911 41677 117574 56974 29954 19765 15882 13036 10306 8321 I

111-10th 2384 2493 3729 9680 26175 45615 10952 6655 5436 4372 3454 3080

mr20" 23_27_ 4151 24947 10425 25668 16966 _S12_ 6138 4965 4192 3151 2814

24f-the km* 28z 6 128'2 84 A 1, 1 0 1 -1 82 6 -88 -0 4157 3131 4 4
Whole moMh 7537 19516 37120 34620 107194 76100 28027 18676 15450 f718

9738 9348

1954/55

1955/56

1956/57

1957/58

1958/59

1st-lOth

Ilth-20th

21t1rthe last

Whole month

Annual Runoff- acre feel
Unit Runoff: acreft. per sq. mile per year
Max, discharge: cusecs Date:

Min. discharge: cusecs. Data.



1954/55

1955/56

1956/57

1957/58

1958/59

RIVER: Li t 13 Rualia

TA3LE V

RUM! RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

STATION: mosa.ma:an,7a

Runoff in- Acre Feet

72

No. -62WArt. 20

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DELE:45ER OR JANUARY IT 15 ENTERED UNDER THE PREVIOUS HYDROLOGICAL. YEAR"

CATCHMENT AREA:2_2:73 SQ. MILES

Characteristic Data

acre feel

acreft. per sq. mile per year

cusca. Date:

cusecs. Date

acre feet

acreff. per sq.

assets. Date -

cusccs. Date-

acre feet

acreft. per sq.

cusecs. Date-

rusecs. Date:

-era feet

acreft. per sq.

assets. Dafe

cusecs. Date

REMARKS.

mile per year
6. 4. 36.

1.12. 56.

mile per year
19. 4. 57.

15.12. 57.

mile per year
3. 4. 58.

6.12. 58.

acre feef

acre/J. per sq. mile per year

cusl.cs. Date' 8. 4. 59.

rcusecs. Daie 2i '11.59.

Period - Noy. Dec. Jan. Feb. Mirch April May June July. Aug. Sept. Oct.

Ish/Oth

111h-201h

21.0-ihe lest

Whole month

ht-V7fh 2110 10276 32065 ¿y343 44123_

4,602

L3 149fl 1O71

9207

79l 5666 4196

71M-217th 3926 19851 29050 23449 ia i 7 7.-:,;..-- 7599 4319 3304
211h-the Iasi 8526 3612? 33731 33391 2L33 4 _I 6.367 133-1 427f 4663
Whole moMh (7600) 14561 56254 1:9897 91680 9 222 6569 0 4 2S5 9 14762 12155

7st-101h 3738 5140 10110 29730 *1
7 f ''i`Lo.-1f.4

39105 13493 13124 9825

-

6941 4890

110,-221h 3650 5033 162.52 .C4 S-) 1 .i.j

,
7L27-1'' 20:)

11:-.19

5545 4028

21sfrthe &a 3256 8308 19.'24 :boy:: 53507
1:6170 f12 ?u 3642 ,/.163

.., 4135

Whole moMh 10674 18486 46346 70234 35313 - .:2_ r 1 i? tti 17439 1305

3150 _2495 9933 792/5 1.1352 LIS -18 3j8 6190 4830
11s1-20fh 276'6

.
3155 9152 131)6 -_,-,,,.,.., 7.303 6374 4602

2Ist-the last 2670 9320 9321 1512;0. 0.--,/ 1
.4.I.,. 2 6157 5345 4010

Whole month 635:36 14970 28426 39371 95J j i ? Jc 00c. 30 24325 18709 11442

1s1-101h 3006 2794 7764 15504 15312

19767

30302 I 15104 10(02 J9030 7210 6020 4604
lith-20th 2635 4472 9335

12802

13510

9852

25723 I 12790 9640 8233 6493 5249 4260
2Ist-the Iasi 2320 10745 219527 15157 1 :I a ?(:) ! C.3-- ,. 3157 6622 4260 4338
Whole month 7961 18011 30401 36566 55006 71197 1 40 -1 T 4 1 29189 23430 20375 15529 13206,

Annual Runoff-

Unit Runoff:

Max. discharge-

Min. discharge: 73

Annual Runoff: 561583

Unit Runoff: 441

Max. discharge: i 500

Min. discharge:
159

Annual Runoff-
570265

Unit Runoff: . 448

Max. discharge: 5500

Min. discharge 117

Annual Runoff: t vt

Unit Runoff: 374

Max. discharge: 3400

Min. discharge:
117

Annual Runoff- 368430

Unit Runoff: 289

Max. discharge: 1900

Min. discharge: 15 3



RIVER:
Little Bliaha

73

T.13.13 V

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

STATION:
No IKA21

Runoff in. Acre feet

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE 2RT1."00S HYDSOLOGICP4 YEAR.'

CATCHMENT AREA: 957 SQ. MILES

Characteristic DataPeriod I Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

lst-10th

illtr2Oth

21st-the Nsf
I

Whale month

1st-10th r,.. ; -,c,-..). - 15645 11354 94n3 7241 5095

tuh-2oth 36376 21173 13682 10729

11310

675? 63Q9

6093

1r471.3

4497

4270

7 861

21st-the lest 15216 19771 12354. 8860

Whole month 65773 41673 1-1,14'; 17110

1sf-10th 3666 2939 10660 3422 15431 40168 20259 12626 10130 8066 6283 4357

11st-20th 3346 4544 9424 17067 23541 22323 15363 11722 9498 7715, 5615 4069

210-the fast 310) 9159 9727 1401 50250 23111 15257 13699 9417 7745 493:4 3844

Whole month 1011 3 16642 2'-32O ?526 922 86102 51 ..ii 350-.9 290a3 23529 16:i67 12301

1s1-10ih 3182 3143 7561 14117 18349 30128 13451 8504 7611 5931 4638 36o5

11th-20th 2973 3331

98:3

9996 10027 16520 19102 11532 7934 6911 5476 3963 3270

21st-the last 2994 12130 io.:.66 21970. 15747 i 10633 .7526 6929 5993 3701 . 3243

Whole fnath 9154 18367 25,-737 34613 56639 64;77 35566 2:z.964 21452 17400 122 10121

Annual Runoff-

Unit Runoff:

Max. discharger

Min. discharge:

Annual Runoff.

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runof&

Unit Runoff:

Max. discharge:

Min. discharge 145

Annual Runoff: 4 'S9 649

Unit Runoff: 459

Max, discharge: 3 000

Min. discharge: 14-5

Annual Runoff. 3-54 589

Unit Runoff: .350

Max, discharge: 4 000

Min. discharge: 132

REmARKS

1954/55

1955/56

1956/57

1957/58

1958/59

ittoth
lith-20th

21th-theta. st

Whole month

acre feet

Bereft. per sq. mile per year

cusecs. Dafr

cusecs. Date:

acre feet

acraft. per sq. mile per year

cusecs. Date-

cusecs. Date:

acre feet

acrell. per sq. mile per year

cusccs. Date-

=nets. Date: 10.12.57.

-cre feet

acreft. per sq. mile per year

cusecs. Date- 26. 3. 53.

cusecs. Date- 17.11. 58.

acre feet

arrelf. per sq. mile per year

tuSlcS. Date- 4. 4. 59.
cusca. Dase- 23.11. 59.



1954/55

1955/56

1956/57

1957/58

1958/59

REMARKS.

74

TABLE V

RUFIJI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (Ist.Nov. - 3Ist. Oct.)

RIVER* Lititu STATION: Mtitu No LECA.22 CATCHMENT AREA: 172 SQ MILES

Runoff in

NOTE t "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date-

MM, discharge: cusecs. Date-

Annual Runoff- acre feet

Uit Run

acreft. per sq. mile per year

M anx .disachf af:rgez cusecs. Date:

Min. discharge: cusecs. Date:

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date-

Min. discharge cusecs. Date.

Annual Runoff- c5244 acre feet

Unit Runoff: 544 acreit. per sq. mile per year

Max. discharge: 900 cusecs. Date- Is 4. 56%
50 11.12.

73767

58.
Min. discharge: cusecs. Date-

Annual Runoff, acre feet

Unit Rünofft 429 acre/t. per sq. mile per year

Max. discharge- 300 cusecs. Date- 2. 4.59.

Min. discharge: 40 cusecs. Date- 23.11.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept Oct.

txt-toth

1111r-20th

21st-the last

Whole month
.... ..... oe

1sI-10th 2593 2092 1740 1401
tIth-20111 2347 2097 1906 3.519 1346

21*-the last 9216 9420 2018 2717 1344
Whole month 713]. 6609 5O0.) 4976 4091

1st-10th 1294 1015 2845 I 1390 3758 7637 4362 2508 2133 1860 1643 1317

11*-20th 1140 1989 1535 4351 4100 3232 2660 2363 2021 1876 1490 1269

21st-the last 1069 2837

8 1.....L.4......1
1986 - 2723 9027 5724 2780 2099 2046 2006 1440 1208

Whotemontl 6 -z. In 8:i66 16885 16-9502j.d...,___.....2.0 6970 6200 5742 41573 3794

1t10th I 1053 1116 3.815 3303 3946 3551 2702 1552 1764 1508 1201 1196

fith-20th 990 1775 2746 2578 3114 2719 2121 1549 1469 n66 1098 1044

210-ilm No ' '.0t3 26 1 2-0 o 156 18°5 1-6 1558 1725 1115 1040

Whotti month 3091 5325 7266 8795 11579 9442 6-19 666 471 4-799 3414 3280

lst-lOth

11th-20th

21th-!h. last

Whole month



Runoff in Acre Feet
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TABLE V

RUFIJI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (Ist.Nov. - 31st. Oct.)

RIVER: liuktusi STATION: 13ra.'fi No. 1U-23 CATCHMENT AREA: 118 SQ MILES

NOTE: "IE THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mita per year

Max. discharge- cusecs. Date-

Min. discharge: cusecs. Date.

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year
Max. discharge:

Min. discharge:

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge

Annual Runoff.

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:

REMARKS:

Period Nov. Dec. Jan. Feb. March- April May June July. Aug. Sept Oct.

1st-10th

tfth-201h

21sf-the last

Whole month

1st-10th 98 51 18

11fh-2001 83 31 0

21112thetast 73 17 0

Whisk month 254 99 lo

1st-10th 69 34 1469 57 1067 5C2 310 205 129 77 21

lith-201h o j 8V) 749 _ 196$ _ 461 171 115. 44 21

21st-the last o 63 Z62 573 847 689 415 1 232 15-; 110 29 46
Whole month Q 135 E07 I 2581 2163 3 24 1461 .._.i-;, c.,_ 174 150 90

ist-lOth ____ 0

0

O 1178 1912 I 1427 2179

1459

12.66 45;:. 2:-.: 16.6 73 ;a...,
54tht-Xth ^a1., 195 3180 4065 52:-; 421

" 227 143 PPJ.,_ , ..
2lsi-the last 0 28 1 37 845 . 7371 168.7--

_

741 118 226 1 124 54 41
Whole month O 66 110 55 '0 1/55 -30: 233,-;.1 1207 741 43 1E2 154

l5t-10th 47 0 75 135 1048 2953 559 252. 166 13E 65 47

ilth-20th 18 51 189 268 1160 _. 9:0
7061

431 230 155 102 61 48

21st-the last o 627 73 1149 5769 31/2 214 153 75 52 46
Whole month 65 f-,0Jio 337 1552 7977 4569 1 1356 695 r--7777- 313 173 141

cusecs. Dale:

cusecs. Date: 11.56.

12 730 acre feet
108 acreft. sq.per mile per year
240 cusecs. Data 17. 4.57.

o cusses. Date- 17.12.57.

35 155 acre feet
298 acreft. per sq. mile per year
560 cusecs. Dase 22. 3.5a

0 cusecs. Dete 15.12.56.

18 339 acre feet
155 arreit per sq. mile per year

1 900 cusecs. Date 27. 3.59.
0.9 cusecs D ie 22.11.59.

1954/55

1955/56

1956/57

1957/58

1958/59



1954/55

1955/56

1956/57

1957/58

1958/59
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7'712 7

RUM MEP SURVEY, HYDROLOGICAL SECTION

DISCHARGE ANO RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (ISt.Nov. - 3Ist. Oct.)

RIVER:
Grea t 1iinIia

STATION: Zasilwa as-anzipile N6. IKA.2.6 CATCHMENT AREA:124i SQ. MILES

Runoff in- -c re Feet

REMARKS-

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTER'ED UNDER IHE i'I-ZE'l!OUS HYL:;?.C.r..COICAL YEAR-

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq mile per year

Max. discharge- cusecs. Date-

Min. discharge: cusecs. Date

Annual Runoff- acre feet

Unit Runoff- acreit. per sq. mile per year

Max. discharge: cusecs. Date

Mtn 111. discharge: cusacs Date: 28.11.56.

3712Annual Runoff: 213 acre feet

Unit Runoff: 156 acreft. per sq. mile per year

Max. discharge: 10269 cusecs. Dale- 7 3.57
la()Min. discharge cusses. Date: 16.12.57.

Annual Runoff- 1769";42 acre feet

Unit Runoff: 123 acreft per sq mile per year
::). i:5,) 22* '**58

Max.discharge: cusecs. Date, *

1'23 11.11.58.Min. discharge: cusecs. Date

Runoff- 1523,602 acre feef

Unit Runoff: 110 acre!!- per sq. mile per year

Max. discharge: 1 OGQ0 cusecs. Date: " 4. 59
Min. discharge: cusecs

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept Oct.

1,,-10th
p.

Iltlr-20th

2Ist-the last

Whole month

ht-toth 2063 6663 97432 193337 107919 1-; 6.734 - .; --L

1 1

7 116":3 71CI

I1th-20fh 2405 14050 112459 162202 326317

163-L34

16,:::. 31412 .. ....:,...

:;06021st-the last 1309 5145 23937 13246-2 149732 14-10 :.;.123.:. 27350 i53,
Whole Morah , ( 5000) 9611 44700 ....- t 50'..471 _,Lc., ,.,,

,.. 3-7...:;33 29-....?, 1.3..:.°,

tst-lath 3390 2580 9983 19363 54O_, , c , ,..

tht-20th 3479

2891

2435

7694

10616

. 15946

56621

5.341.-..

317, ,-,10 2 ;:.;.:::
_

._: ) -
421st-the test 170760 1Uit,D cr..; - 43.jj3 22.;54 3 -74

Whole month 10260 1315,; i '165;5 n2396 300'7 -*I,
_ _ .±),3 _ - _ .

1:1-10th 3651 2530 1 107i43 26093 60596 14733' 51921 2, -. E4.-)L .1525

lIth-20th 3086 1648 39606 339.49 93067
1595:0

1-739..0

11.-.75- l'.:..

_Cli; 39.;:.:1 19011 .Lv;_LL 62.,. 4119

21.0-the lest 2606 22863 23395 33675 31141
_ ... .

i 173:±.. .... ...).--, 5192 ::6,--
Whole month 9343 29039 7354-; 9417 31313". d ;-..7.67, 12206 i., I :5,7,,, - la, 12312

Ilth-20th

210'r-the last

Whole month
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TABLE V

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

laopule
RIVER: Great Ruaha STATION: (Hausmann's Brid"-1 No 1/CA27

Runoff in
Acre Feet

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

CATCHMENT AREA: 7700 SQ MILES

Annual Runoff.

Unit Runoff:

Max. discharge:

Min. discharge

Annual Runoff.

Unit Runoff-

Max. discharge:

Min. discharge:

J. 726 822
244

10500
1.08

Characteristic Data

acre feettiAnnntuaRul nRouf:off.

acreft. per sq mile per year

Max. discharge:

Min. discharge:

cusecs. Date.

cusecs. Date

Annual Runoff: acre feet

acreft. per sq. mile per yearhtUnaxit .Rdiun chat af:

cusecs Date.

Min. discharge: cusses Date

1 274 825

166

inr].., 90 00

90

acre feet

acreft. per sq.

cusecs. Date

cusecs. Date:

acre feet

acrelf. per sq.

cusecs.

Datecusecs.Date-

Annual Runoff. 1 141 067 acre feet

Unit Runoff- 148 acreft. per sq. mile per year

Max. discharge: 9 000 cusecs. Date. 1 4.59.
Min. discharge: cusecs Date:

REMARKS:

mile per year
21. 2.57.

11.12.57.

mile per year
as 4.58.

3.12.58.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1st-10th

11111-2001

21s1-the last

Whale month
T...111.1.11.114

tst-lOth 1861 3448 25899 189839 84606 121_556 615220 27022 12918 6381 4829

llih-201h 2195 4175 141609 159227 _90661 118769 47186 20935 10001 5748 4340

2151-the lust 2770 7339 166980 106079 108060 105381 35591 1790 8630 5348 4114
Whole month (6550) 6526 14962 3344.88 455145 281127 345706 151697 65862 1549 1 477 13283

1st-10th

11sf-20th

3198 2260 4687 15407 39823 175329 104093 I 41371 I 1E378 8793 5559 3956

2810 2647 6050 20373 50832 208383 81183! 30969 11018

12625

7037 5062 .3541

21st-the last 2492 3990 12065 22938 97218 162927 65460 23826 j 6737 4'458 3327
IMILaumnMI
Whole month 8500 8897 22805 58718 187873 546639 250736 I 96166 i 46021 22567 15079 10824

friOth 2572 1998 5234 21452 43191 119223 101779 40485 18448 7346 4542 2854

vta-2011: 2108 2761 6790 28350 61814 12174-4 79701 30667 14267 5968 3969 2355

210-ihe last 1883 5040 12508 25694 130959 124581 64218 23752 11531 5752 3433 2096

Whole month 6563 9801 24532 75496 235964 365548 245698 , 94904 44246 19066 11944 I 7305

1954/55

1955/56

1956/57

1957/58

1958/59

Ist-Wah

Ilth -20th

.21tir-the lest

Whole month



1954/55

1955/56

1956/57

1957/58

1958/59
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TABLE

RUHR RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Noy. - 31st. Oct.)

RIVER: Li()rube STATION: Ifumba
No. 17'1629 CATCHMENT AREA: 5438 SQ MILES

Runoff in Acre Feet

1st- Mfh

11th-20th

211h-the last

Whole month

1st-10th

tIth-201h

21st-th. last

Whole month

!Ma

REMARKS-

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEM.BER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HyDROLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge- cusecs. Date-

Min. discharge: cusecs. Date:

Annuoi Runoff- acre feet

Unit Runoff; acre!!. per sq. mile per year

Max. discharge. cusecs- Date-

Min. discharge: cusecs. Date:

Annual Runoff: acre feet

Unit Runoff: acreff. per sq. mile per year

Max. discharge: cusecs. Date:

MM. discharge cusecs. Date:

Annual Runoff. 198 771 acre feet

Urtit Runoff: 36.8 acreft. per sq. mile per year
6950 22. 3.58.

Max. discharge: cusecs. Date:

Min. discharge: 0 cusecs. Date-

Annual Runoff: 196 158 acre feet

Unit Runoff: 36.1 rreit per sq. mile per year

Max. dischargtr. 10 400 ccuuswcss.. bate: 30' 3.59°

Min. discharge: 0

' Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

, 131-10th

-,

11fh-2001

21st-the last

'Whole monfh -

1st-lOth 0 0 15110 2510 9815 15752_ 11252 60 0 0 0 0

tist-20th 0 0 1540 29966 8661 2370 1199 13 0 0 0 0

21st-the last 0 0 7430 36380 53304 910 299 0 0 0 a o

Whole month c 0 24280 68856 71780 19032 14750 73 O 0 0 0

nt-wii, 0 0 2053 613

2444

4264 17782 395 1 0 0

111h-20th 0 234 6557 14442 1770 132 0 0 0 o_
21st-the fast O 252 1179 3777 74062 760 30 0 0 0 0 0

2: Whole month O 25597 9789 6834 133068 20312 I 537 1 1 I 0 0 o o



1954/55

1955/56

1956/57

1957/58

1958/59

1st-70th

nth-201h

2711,--ths last

Whale month
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TABLE V

RUFLII RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( ist.Nov. - 31st. Oct.)

RIVER: Little Ruaha STATION: Mawande No. mil.31 CATCHMENT AREA: 2°°5 SQ MILES

Runoff in-
Acre Feet

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEmBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYD2OLCGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max discharge: cusecs. Date:

Min. discharge: cusecs. Date-

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:

acre feet

acreft. per sq.

cusecs. Date.

cusecs. Date-

acre feet

acreff. per sq.

cusecs. Da4e

cusecs. Daie-

Annuul Runoff- 341507 acre feel

Unit Runoff: 1.70 scrag. per sq.

Max. discharge: 2000 cusecs. Date

Min. discharge: 79 cusecs. Date-

Runoff adjustad by Stout lethod frola :187ember 24th, 1258.

mile per year
19. 4. 57-
12.12. 57.

mile per year
26. 3. 55.
24.11. 53.

REMARKS-

mile per year
30. 3. 59.
26.11. 59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

111-10th

1/th-20th

21st-the last

Whole month

10-10ill (6123) 7038 11154 39733 17277 30500 31579 16797 11932 10266 7894 6000

51271181-20th (5419) 7396 15045 26632 15422 57428 26636 15241 11010 9433 7296

Me last 4763 10664 17938 1 16239 21864 49969 21892 13463 11781 9507 6620 4912
Whale month (16305) 25116 44437 1 84656 54563 137917 80107 45521 34723 29226 21812 16039

751-1002 4010 2906 _10715 8625_ 17866 18222 26752 1:1322 106,31 7721 620 4054
1151-206 3485 4140 9746 17430 11683 29751 1880? 1 3177 9719 7327 5378 3755

2111-the last 3152 04,4 10315 14752 66023 27052_ 17550 11563 9334 7583 1306 3493
Whole month 10647 164») 30817 40537 101572 105025 63101 39362 29354 22631 16387 11337

1st-101h 2707 2813 7446 14266 15765 _12451 14596 3586 7318 5617 4300 3166

11114-201h 2452 4353 9527 12885_ 17735 24121 11733 8011 6872 5225 3918 3065

21st-the lest 2 2 9 Q l9 10? 1 2='8' 1;J. 4 1 7 03') '.I. 6 66- ,-,09,3 3L 2618

Whale 'neon, 76)1 16445 11891 17407 59117 7000o 3711 2Lo5 205.14 15311 11673 8901

Annual Runoff- acre feet
Unit Runoff: acreft. per sq. mile per year
Max. discharge; cusecs. Date.

Min. discharge: 227
cusecs. Date: 30.11.56.

590424

294

5800

136

46774
243

5600

116



1954/55

1955/56

1956/57

1957/58

1958/59

TABLE V

RUFIII RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

80

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NO VEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDRO! OGICAL YEAR"

Annual Runoff: ce
Unit Runoff:

acre

ftfeepter sq. mile per year

Max. discharge:

Min. discharge:

cusecs. Date.

cusecs. Date:

Annual Runoff-

aa cc rreefti.eeUnit Runoff: per sq. mile per year
Max. discharge:

dischcrrge:

cusses. Date-

cusses. Date:

Annual Runoth acre feet

Unit Runoff: acreff. per sq. mde per year

Max. discharge:

Mi

cusecs. Date-

Min. discharge
23 1. 12. .71cusecs. Date:

Annual Runoff- 136020 acre feet

Unit Runoff: 464 acreft. per sq. mile per year

Max. discharge: 650 cusecs. Date: 21. 3. %.

Min. discharge: 21 cusecs. Date: 5.12. 53.

Annual Runoff-

Unit Runoff:

Max. discharge.

Min. discharge.

Characteristic Data

acre feet

nett per sq.
cusws. Oa le:

cusecs- Dale:

REMARKS-

mile per year
7. 4. 59.

23.11. 59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1st-10th

1101-20th

21st-the last

Whole month

1st-10th I 4125 1406 2393 1463
thir-20th

. 3263 3064 2121 1196
21st-tho last 4066 3006 1777 1066

What: month 12354 9476 6291 3745

11/-10th 793 550 3769 3014 4804 10762

7979

7047 4415 3436 2493 1737 on-,id4
11st-20th 667 693 3899 5902 8429 5503 4149 3228 2322 1446 866

00-11m1sM 553 3312 2637 3774 12397 7361 5360 3733 3054 2272 1205 760

WholHT........::.............dh2013 12690 25630 26102 r ,... 122,,, n -..L-0c;? 4368
,

2618

1st-10th 522 495 2241 2900 4558 8208 4065 2381 1961. 1450 1070 587

11th-20th 441 920 1. 246'A 3045 4864 5556 3355 2175 1871 1335 673 505

21st-tho last 477 2394 I 2499 2782 7326 4382 3139 2078 1760 4 11263 713 466

Whole month 1440 3809 7205 3727 36748 1.010 10559 6634 1 3592 1 4146 2656 1558
.4

Ist-10th

11th-20th

216-ffieled

Whale month

RIVER
Little Ruaha

STATION: S.H.Club
NO

IKA.32 CATCHMENT AREA: 293 SQ MILES

Rtmoff in: Acre Feet

87 222

296

500

13



1956/57

1957/58

1958/59

RIVER-
Ndembora

TA312

RUFUI RIVER SURvEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

81

STATION:
'21adibira lazzion

Runoff in- Acre Fe syt

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDE_R THE PREVIOUS HYDROLOGICAL YEAR'

CATCHMENT AREA: 7°7 SQ MILES

Characteristic Data

Annual Runoff- rre feel
Unit Runoff: acreft. per sq. mil per year

cusecs Date-

Min.

cidiisscchhararggee:

cusecs. Da fe:

Annual Runoff- acre feef

Unit Runoff: acreft. per sg. mile per year
Max. discharge: cusecs. Date-

Min. discharge: cusecs. Date.

acre feet

acreft. per SQ. mile per year

7 4.57-cusecs. Date- 1

cusecs. Date: 12.12.56.

-cr feet

welt per sq. mile per year
cusecs. Dale 23. 3.58.
cusecs. Date: 12.12.57.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct_

isl-10th

lith-201h

2Ist-the last

1 Whole month

ist-71Nh 599 5267 16476 6ST4 Ij36 -c4 3470

n65...,,,

13:3556 416 77 I
Ut11-201h 611 15-35

7'.'0,"

E477 E7L2

" 7:7 0

: - f. ,_-,
. ,',J.-,

,

, k 1 7rt
Osi-the Iasi -11 347' .1 :1 1'11

Whole moMh ( 1 e ,:l ) 3039 1r,610 23Ç30 20336 13 1 . =, 7 -'-' 161

1:1-10th ì60 374 7231 6A.50 ... .,_,_ p:3 '-. L'), - -r.-_, .- 1 330 94 1-ff!

llst-20th 332 743 3710 15033 16..65 ) L..', 2 3.:7,-, :5 17' -: -.1.4- -___ -.to-i- 335

71st- the last ..10 1755 3324 7:::3 3S3 '-, -114 t 39 ' ..,
c-

t":95 '.60

Whele month 1.332 -.2'7','...,fc _14765 29063 50- 1 - 1039 1

ammsoss
1st-10th 3 __LLO -*11_3.7 111191 87.3 2 :34 i3 6-5'-_,Lfj '"-:_i0. _Lill; '..;3_ sj Zi0 __

fith-200, 380 978 6131 94o 9049
,-, .

..)1 ,..,-,..,

16729

-

4 c C.)

331

13_:7

16.3.1,

, , -
.:',',., 7.. n_._,,,

z?",

-;,,,0_)

21st-theIn* 687 5627 13694 0:30 330 no
Whole month 1401 .i. . 376 117.77,127511 65''.6 ^ ;,972 _313' 1 717 9.; 1 7 a99

Annual Runoff: 165446

Unit Runoff: 214

Max. discharge: ')600

Min. discharge 14.6

Annual Runoff: 189193

Unit Runoff: 268

Max. discharge: i400

Min. discharge 15.7

Annual Runoff:

Unit Runoff: 257

Max. discharge: 1700

Min. discharge: 14.6

acre Feel

arrelf per sq. mile per year

cuazcs. Date: 24. 3.59.
cusecs D-rc 20.11,59.

No.
D.:J1.33

Ist-lOth

TIM-20th

211h-the last

Whole month

REMARKS-

dtaailli1!

1954/55

1955/56



/954/55

1955/56

1956/57

/957/58

1958/59

RIVER: lali

82

RUFI11 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (Ist.Nov. - 3Ist. Oct.)

STATION: No.
EG.36

Acre Feet
Runoff in-

ltannswiesan-

River dry November and first 5 days in December 1958.

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVER'BER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR'

CATCHMENT AREA: 1014 SQ MILES

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: Cusecs. Date-

Min. discharge: cusecs. Date:

Annual Runoff- acre feet

Unit Runoff: acreff. per sq. mile per year

Max. discharge: cusecs. Date

Min. discharge: cusses. Date-

Annual Runoff- acre feet

Unit Runoff: acreft. per sq mile per year

Max. discharge: cusecs. Date

Min. discharge cusecs. Date:

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date

Min. discharge: cusecs. Da'e-

REMARKS-

Annual Runoff- 439 acre feet

Unit Runoff: 133 arreit per sq. mile per year

Max. discharge: 7 800 cosecs. Date. 27' 3. 59'
Min. discharge: 2 cusecs. 25.11. 59.

Period - Nov. Dec. Jan. Feb. March April May -Arn e July. Aug. Sept- Oct.

txt-toth

nth-20th

2Isi-the Iasi

Whole month AlaiIMO
s

"s------r
isfrioth 0 230 2559 4934 15932 40017 j 4903 1955 992 542 321 195

1lth-20th o 528 3791 4245 12140 10207 3608 152O 335._ 465 245 117

2Ist-the last.....s 0 3481 3463 L42.,....4 46879 6299 j 2864 1278 690 456 185 80

0 419Whale month 9313 18554 I 74971 56583 I 11375 4761 2517 1433 751 392

MIL

ist -10Ih

tith-20th

2Ith-the lest
"SrM

Whole month

Ist-lath

llst-201h

2Ist-the lest

Whole month



L
RIVER:

ukosi STATION: laandike

Runoff in. Acre Feet

83

TABLE .7

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

No
IKA.37

REMARKS:

NOTE: nIE THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY II IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

fla7
CATCHMENT AREA: SQ MILES

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Oate

Min. discharge 337 cusses. Date: 1°1257.

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

This station replaces Lukosi a LIuyuni, LECA 1A, where the water level rendin6s were influenced freía Great Ruaha.

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge: 110

-are feet

acreft. per sq.

cusecs. Da'e-

cusecs. Dale:

acre feet

arratt per sq.

cusecs. Da te-

cusecs.

mile per year
2,

15.11.

mile per year
29= 4.59.
21.11.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1x1-10th

11111-20th -
21st-the Ins*

I

Whole month

.....--
13ripth 27816 1499b 10346 11177 8516 7966

1101-20th 22505 12792L 10566 9565 8110 7653

21st-the last _ 27033 19633 12018 11785 9818 9398 8272

Whole month 659%" 39312 33197 30560 26044 23891

lst-10th 7571 6793 10823 9639 10444 43775- 30249 14582 11411 2017E 9367 Q0
11st-201h 7132 9298 7103 18240 14E92 14481 17712 12684. 10851 9943 9166 8323_

2151-the Iasi 092 101 2 840 0 S7 4158 408;9 17204 117.19 1129A 10;_;5 ' 8904 8684

Whole month 217 25 26463 26333 3,7436 66864 99155 63165 3 F,603 33535 31120 27437 25497

I51-101ll 7806 8218 8992 (10000) 15140 10562 n64:; 8417 3624 7462 6906 6657

1ith-20th 7649 10212 10373 (12500) 11125 13997 12130 8096 7594 7137 6685 6554

2111-the last 7883 36747 10378 10212 16172 17299 10161 7591 8160 8146 6702 7057

Whoht month 23336 .352,97 29743 _22712 42637 41,858 35337 24504 24378 24.45. 20293 20268

1sI-70th

1W, -20th

211h-the/ask

Vih&nmoMh

Characteristic Data

Annual Runoff: acre feel

Unit Runoff: rcreft. per sq. mile per year

Max. discharge: cusecs. Date:

Min. discharge: cusecs Date:

Annual Runoff: acre feef

Unit Runoff- acreft. per sq. mile per year

Max. discharge: cusecs. Date:

Min. discharge: cusecs. Date.

1954/55

1955/56

1956/57

1957/58

1958/59

499 555
447

8 800

17°

1'53 610

317

1 60C



1954/55

1955/56

1956/57

1957/58

1958/59

Yovi
RIVER:

TABU V

RUFIJI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31sL Oct.)

Gt. RuaLie. Conn. 52'133
STATP3N: No

Acre Feet
Runoff in.

84

lst-lOth

llth-20th

21st-the Iasi

Whole month

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max discharge: cusecs. Date:

Min. discharge: cusecs. Date-

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date.

Min discharge: cusses. Data.

Annual Runoff- acre feet

Unit Runoff: atreft. per sq. ralle per year

Max. discharge: cusecs. Dale-

Min. discharge cusecs. Date

Annual Runoff: -cre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cosecs. Daze

Min. discharge:

-

48 cusecs. Date- 12'12'58

Annual Runoff- 54 692 acre feet

Unit Runoff: 225 nett per sq. mile per year
005 15. 4..59

Max. discharge: cusecs. Date-
211.

REKARKS.

24.11.59Min. discharge: cusecs. Da4e-

In April 1958 there was a hits:a flaod on the Yovi. This dazavd brilze crossinn and alzo the newly establiahed st-Iff gauge.

Period NOV. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1st-10fh

llth-20fh

Zsi-fhe tail

Whole month

istmm 4031 2776 20:ò 1734

1636

1450

1424110-20fh 3279 2257-1 I 2010

2131-illehtil 5227 2946 2549 -2145 1502 1332

whoh.mcmh_ 10506 757 6213 2.672 4206

Illw

73NiCth 1237 1236 1407 1883 2706 2059 2571 1412 1207 , -,,OQ 760 '-',94_
1!th-200, 1200 1333 1610 1851 2010 3222 2136 1280 1200 865 660 650

210-the lest 1160 1944 1465 1429 1 35Y2 2570 i 1749 1212 1152 953 .., '-'71

WhofemoMh 3647 4513 4462 5193 6070 I7351 I 6508 3204 3559 2815 2030 2113

CATCHMENT AREA:
243

SQ MILES

1st-lOth

11fh-201h

21thrffielesf

,Whole month
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T.131.2

RUFUI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

ELL 39
STATION: No CATCHMENT AREA:

645
SQ MILES

Iwawa

Runoff in Acre Feet

NOTE: "IF THE MINIMUM DiscHARGE OCCURS IN NOVEMBER. DECEMBER OR JANUARY IT IS ENTERED UND:R TiE PREvIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff acre feet

Unit Runoff: acreft. per sq. mile per year

cusets. Date.
MMa inx dd ss:hae:ha:gge: cusecs. Date

Annual Runoff- acre feet

Unit Runoff. acreft. per sq. mile per year
Max. discharge: cusecs. Date

Min. discharge: cosecs. Date.

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: 24 00 cusccs. Date
20. 4.57..

Min. discharge 71 cusecs. Date: 11.12.58.

08094Annual Runoff: 3 acre feet
8Unit Runoff: 47 acreft. per sq. mile per year

Max. discharge: 00

Min. discharge:

cusecs. Date. 26. 3.58.

"cusecs. Date- 6-1265

21

Annual Runoff- 227 A 25 acre feet

Unit Runoff: 352 acreff. per sq. mile par year
1700Max. discharge: cusecs. Date- 5* 459'

Min. discharge: 51 cusecs. Da'e- 23.11.59 .

REMARKS:

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sep:. Oct.

Ist-lOth

tith-20th

241-the last

Whole month

1st-10th 20715 12102 7930 6103 4202 2938

11th-201h 3047 3 17494 10_114 7115 5444 3784 2670

Zst-the last 30616 16101 8951. 7432 5231 3340 2550

Whole month 54330 1567 22123 1677 3 11326 8208

lst-10th 2080 1567 6619 5873 9464 28602 14658 8903 7202 5512 4203 2632

11S1-2011I 1744 2218 6941 1104 20167 19417 11669 8283 6631 5176 3623 2310

2kfrffielast 3.6t-7; 5512 6707 10651 34731 16727 10900 7665 6624 5234 3073 2023

Whole month 54:7 9297 20267 27569 64362 64746 37227 24851 20)07 15922 10899 6970

131-70th 1530 1317 5354

6479

6065

5990

11227 27059 j 9156 6239 5125 3982 2963 2065

17441/Ih-201h 1312 ' 3031 - 10222 15691 8141 5666 4990 3600 2524

21st-the last 1354 5607 7920 6138 16533 10845 7756 5311 4879 3670 2202 1539

' What. month 4196 10005 19753 20193 37967 53597 25055 172361 14994 11252 7689 5368

RIVER:
Little Ruaha

lit -10th

11th-2oth

Zarthe last

Whole month

1954/55

1955/56

1956/57

1957/58

1958/59
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T.t_iLE

RUFLII RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE ANO RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (Ist.Nov. - 31st. Oct.)

RIVER: iasig,o STATION: 'lama =Asa, CATCHMENT AREA: aI SQ MILES

Acre FeetRunoff in-

REMARKS:

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER TI-IE PREVIOUS HYDROLOGICAI YEAR"

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile par year

Max. discharge- =nets. Date.

Min. discharge: cusecs. Date

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusca. Date:

Min. discharge: cusses. Date:

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date.

Min. discharge cusecs. Date:

Annual Runoff: 101 493 acre. feet

Unit Runoii:: 29.7 acreft. per sq. mile per year
2368Max. discharge: cusecs. Daze- 29'' 358

Min. discharge: 0 cusecs. Date

85 178

-

Annual Runoff- acre feet

Unit Runoff: 25.0 creit per sq. mile per year

Max. discharge: 2822

Min. discharge: 0

cusacs. Oate 26-12.58
cusecs. Date-

Period
_

Nov. Dec. Jan. Feb. - March April May June July. Aug. Sept. Oct.

Ist-toth

11t1r-20th

21sf-the last .

Whole month

1sf-10th 0 0 161 213 59 .3634 a O O 0

110-20fh 0 0 o 9625 1251

47666

5Z1

28

O O 0

2 L.

O O O

Zstfh.lasI O 9 552 5016 12880 0 j 0 2 L. n,, O

Whole month 0 9352 5377 22723 54506 9186 149 I O o L, o

lst-101h O 0 1632 8 15316 3210 10 0 o 0 o o

19h-20th o 4966 3407 66

4390

273. 56 0

0

0 0 0

0

0 0

21 st-the fast O 29422 1631 15833 2110 0 0 0 0

Whore month O 14338 6670 4384 33950 5376 10 I o 0 O 0

11f h -20fh

21th-the last

Whole month

1:1-10th

nth-2)M

2/st-the last

Whole month

7954/55

1955/56

1956/57

1957/58

1958/59



Acre FeetRunoff in-
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TALLE V

RUFIJI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNG 7 SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

RIVER: Kisigo STATION: Ki2ringlan No. T74..42 CATCHMENT AREA. 9476 SQ MILES

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYD2OLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharger cusecs. Date.

Min. discharge: cusecs. Date.

Annual Runoff- acre feet

Unit. diRu staf hrge:

acreff. per sq. mile per year
Max cusecs. Date:

Min. discharge: cusses. Date-

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date-

Min. discharge cusecs. Date-

Annual Runoff:314 830 -cre feet

Unit Runoff: 33.1 acreft. per sq. mile per year

Max. discharge: 7577 cusecs. Dale-

Min. discharge: cusecs. Date-

22. 3. 58.

Annual Runoff. 237, 213 acre feet
25.0Unit Runoff: arreit per sq. mile per year
94)5Max. discharge: 6z/sacs. Date- 31. 4. 59.

Min. discharge: cusecs. DJ le-

REMARKS:

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

Istteth

77th-20th

21si-fhe last

Whale month

1s1-101h G 0 1'3450 2658 11392 21533 13605 5 0

llst-20111 o 0 1552 53271 11820 1310 1468 a O 0 0 0

21st-the last 0 9759 13144 51203 105654 601 405 0 0 0 o 0

Whole month o 9759 30146 107132 128865 23444 15478 5 0 0 0 0

1s1-10th 0 o 2824 1344 34641 31639 679 0 o_.
llth-201h 0 1662 13518 2372 20012 1614 144 0 0 0 0 0

215t-the last 0 31972 221 2 87 20 81071 2273 11 0 0 0 0 o

.Whole month o 33634 18554 12916 I 135724 35531 834 0 0 0 0 0

1st-10th

11th-20th

2111-the last

Whole month

1st-70th

nth-20th

27st-the last

Whole month

1954/55

1955/56

1956/57

1957/58

1958/59



1954/55

1955/56

1956/57

1957/58

1958/59

138

TA3LE V

RUFIR RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lsiLNov. - 31st. Oct.)

RIVER: Njomtre STATION: Isange No. 11.1.43 CATCHMENT AREA: 1457 SQ MILES

Runoff in- Acre Feet

Ilth;20th

241Me/ant

Whole month

REMARKS: Dua to the station being inaccessible in the wet season it has not been possible to Lnet the rating for hitgh water layels.

The figures. in brackets have been derived by comparison with otner stations on tito Njombe-Eisigo -system and give aa approximation
only for the run-off.

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY II IS ENTERED UNDER THE PREVIOUS HYD2OICOICAL YEAR"

Characteristic Data

Annual Runoff. acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date

Min. discharge: cusecs. Date-

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date

Min. discharge: cusecs. Datn-

Annual Runoff- acre feet

Unit Runoff: °croft. per sq. mile per year

Max. discharge: cusecs. Date

Min. discharge cusca. Date-

Annual Runoff: 26 099 -ere feet

Unit Runoff: 18 acrelt. per sq. mile per year

Max. discharge: cusecs. Date-

Min. discharge: O cusecs. Date

Annual Runoff- 44 080 acre feet

Unit Runoff: 30 a^reit per sq. mile per year

Max. discharge: cusecs. Date

Min. discharge: cusecs.

- Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

tri/Ofh

11117-20111

Thithe lost

Whole month

ist"mM 0 0 0 0 118 441 9 I 0 0 0

/Tst--201h 0 0 0 . 0 189 79 0 3 0 0 0

21st-theIasi 0 0 0 (237) - 139 10 0 0 0 0 0

Whole month 0 0 0 (237 ) ( 23o00) (13330) 553 9 -
0 0 .,., 0

im-IMM 0 0

0

0 224 151 0
1

0 ,.., 0 0

Ilth-20th 0 50 226 350 45 0 0 0

ost-the hat
................-

Whole moMh

0 133 180 170 1 304 O i 0 0 0 0

0 133 230 620 (37200) 1 (5700) 197 1 0 1
0 0

taft/
ist-lOth

nth-201h

21ththelost

Wholemonth



Isf-10f h

Inh-20fh

21fll-ihe last

Whole month

RIVER Bala STATION: 1,7raYi uis

Acre FeetRunoff in-

89

TABLZ

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR T.HE-HYDROLOGICAL YEAR ( Ist.Nov..- 3Ist. Oct.)

NOTE: "IF THE mINIMUPA DISCHARGE OCCURS N NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDE-R THE PREVIOUS HYDROLOGICAL yEAR"

Characteristic Data

Annual Runoff: acre feet

Unit. Runoff: acref per sq. mile per year

cusecs. Date.mM ianx: dd ss cc hh war gg se:

castes, Date

Annual Runoff- acre feet
Unit Runoff: acreft. per sq. mile per year

cusecs. Date

tanx.- ddliss:hhourrgegir: cusecs. Date-

acre feet

acreft. per sq. mile per year

cusecs. Date-

cusecs. Date:

acre feet

acreft, per sq.

cusecs. Date-

cusecs. Dale-

acre feet

arreft. per sq.

cus?cs. Dale

cusecs. Da+e

REMARKS-

mffe Per year
22. 3.58.
27.11.59.

mite per year
27. 3.59.
29.11.59.

Period - Nov. Dec. Jan. Feb. March
..

April May June July. Aug. Sept. Oct.

lst-1001

A

11th-20th

21s11he last

1 Whale month

1st-10th 2538 4C19

2592

1852 654 I 382 264 205 182

115t-.20Th 2520 3628 1194 542 "s i 203 197 179

210-1he last 1204 12836 2326 949 439 .302 231 189 170

Whole month 19302 6937 3995 7635 1011 738 591 531

1st-10th 169 152 222 850 2858 706g 1516
f

605 ',97 267 203 208

11th-20th 176 190 452 1198 3187 2823 I 1039 529 333 251 199 185

21s1-the last 151 456 272 1754 9544 2131 8128 459 32/. 247 199 198

Whole month 496 798 946 3332 155b9 12023 3373 1593 1051 765 601 591

Annual Runoff:

Unit Runoff:

Max. discharge

Min. discharge

Annual Rdnoff-

Unit Runoff:

Max. discharge- 1 300

Min. discharge:
5.0

Annual Runoff: 41 628

Unit Runoff: 226

Mnx. discharge: 2 900

Min. discharge: 5.3

No - 1Kr.A46 CATCHMENT AREA: 184 SQ MILES

1954/55

1955/56

1956/57

1957/58

1958/59

lst-10fh

111/1-206

21st-the last

Whole month



1956/57

1957/58

1958/59

RIVER:
Llso

90

TABLE 7

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( Ist.Nov. - 31st. Oct.)

STATION: 2Lsolara Estate. No. rn 1

Acre FeetRunoff in-

lst-10th

111h-20th

21st-the last

Whole month

Whale month

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max discharge- cusecs. Date-

Min. discharge: 4.6 cusecs. Date 15.12.55.

Annual Runoff: 10 933 acre feet
8703Unit Runoff: acreft. per sq. mile per year

Max. discharge: 331 cusecs. Date: 23.4'56.
Min. discharge: cusecs. Da te.

Annual Runoff- acre feet
Unit Runoff. acreft. per sq. mite per year

Max. dischargm cusecs. Dafe-

Min. discharge -'1./SPCS Dale.

Annual Runoff: -cra feet

Unit Runoff: acreff. per sq. mile per year

Max. discharge: cusecs. Date-

Min. discharge: cusecs. Daie

Annual Runoff: acre feet

Unit Runoff: rreff per sq. mile per year
Max. discharge: cus ws. Date-

Min. discharge; cusecs. fe

REMARKS.
Runoff 1955/56 72.5 Luches. Rainfall at Sanje Estate 1953/36 93.8 inches. Rainfall presumed to be higher in the mountains.

Loss of water at least 26.3 luches. The year 1953/76 nad a compszltively high rainfall. The average at Banje for .the 15 ysars 1940/41
1954/55 is 67 inches. 11a,cimum flood as dven is in a:(reement aith the observations, but it is suscected that the highest peak has not

be en rpr._nrdA by the observer. This was not a good station scA 'readings were abandoned.

.

Period Nov. Dec. Jan. Feb. March April Hay June July. Aug. Sept. Oct.

131-10th 334 300
11th-2011, 521 316 232

Zsi-the lest 454 316 162
Whole month 1 ji 6 694

lst-lOth 382 130 988 573 1174 1322 2312 _1575 .566 392 144 259
Ith -Q001 234 242 463 564 1918 2263 1373 1593 410 222

176

151 242

2ttirlimiase 214 220 983 521 1780_ 4285 1967 355 _ _ 336 2:15 249

Whole month 830 592 1736 1661 4372 8070 587 402- . 1 62 00 -701., f 750

131-10fh

11th-20th

21x1-the lest

Whole month

CATCHMENT AREA: SQ MILES

/954/55

1955/56



TABLE V

RUFUI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

STATION:
Ifc.kara

No
no 2

Runoff in Kundred Acre Feet

91

REMARKS:
Lowest discnarge measurement 1954= 2914 cusecs, 31.12.54.

NOTE: "IE THE MINIMUM DISCHARGE OCCURS IN NO VEMBER. DECEMBER OR JANUARY IT IS ENTERED UNDER THE 'PREVIOUS HYDRO: OGICAL YEAR"

CATCHMENT AREA: 12063 SQ MILES

Characteristic DataPeriod Nov. Dec. Jan. Feb. March April Hay June July. Aug. Sept.
...........

Oct.

1si-106 592 587 389 1025 1903 3491 11'77 5719 4_,2 ' 1401 11-6 1011
TIfir-200: --608

577

624 537 1357 2083 6369 10272 4119 1861 1277 1112 947

21Mthe last 711 513 1286 26T6 953 530:-. ;196 17?5 - 1056 969

Whale month 1764 1922 1939 1668 6667 19 - 6 E-:-...: ..o 2927

10-10th 796 676 978 3629 7357 8639 171z50 3114 2036 1526 1263

itth-201h 727 721 1373 5226 6643 9715 1E156 5457 -5....1'1 1861 1422 1156

211hiholast 703 1041 2403 6467 7045 13:633 145-11 3911 2470 1876 1133 1197 .

Whole month 2226 2433 4752 15122 2102.; 121E7 4c5: ' '- cí7 __ ,
5.05 426,0- i 3616

lat-lOth 1041 909 1256 _L921 2474 -i1"L' ic:cc, 10177. 2582 1646 11227 linc
110r-2011, 992 994 _L4t 217 2463 5,2H9 1:562 D' 22.ji_. 17?7 13_16 110-1

213tffielast 944 1165 19'.ii 1504. 2507 1221) 12162 3462 2176 1705 1262 11.:.3

Whole month 2077 3066 4792 5962 7544 20541 450.:7_ 1E702 6949 5232 3995 3419

lsi-10fh 1008 860 1414 1244 2254

3029

19341

10417

1,.119 5233 1471 1237 1094

Ilst-20th 9',3J 946 1591 1626 12444 1244 1b22 1173 1220 1056

2Wthe test 908 1216 1527 1623 C 9 11.29- ' 0: :9 2 h 1781 1..23 1171 1095

32-5Whole mood, 267c 3022 4512 4495 7 = 30;_c T,32 1021-- -,6:-,3 _ - 363j

1s1-10th 949 888 1437 2069 2137 46," 5113 1965 :768 11;27 901 748

lith-20fh 906 928 1309 2180 2608 4312
._ .

4769 1443 ,c,'-,-..4_) 1043 632 762

21sffhe last 685 1318 16/0 I 1605 4420 4=23. 3763 1304 1319 1075 779 751

Whole month 2740 3134 4416 5LY54 9465 12626 13465 4712 3610 32.11 2.2.L..2 2271

Annual Runoff-

Unit Runoff:

9.48 rEililor:
786

- Max discharge: 63 030

Min. discharge: 1 2399

Annual Runoff- i 6 81 -11 I 110Y1

Unit Runoff: 7 1T7

Max. discharge: 90 000

Min. discharge: 4 431

Annual Runoff- 1- ; .91 million
Urrit Runoff: 1 072

Max. discharge: 98 000

Min. discharge 4 262

Annual Runoff: I?. 06 6i1 1.10r.

Unit Runoff: 1 G00

Max. discharge: 74 000

Min. discharge: 4 411

Annual Runoff: 6.82 mill ion
Unit Runoff: 566

Max. discharge: 28 000

Min. discharge: 3 000

RIVER:
Kilomboro

'954/55

1955/56

1956/57

1957/58

1958/59

acre feet

acreft. per sq. mil per year

cusecs. Date- 8. 5..55.
cusecs. Date- 12.12.55,

acre feet

acreff. per sq. mile per year

cusecs. Date 8. :.:j....

cusecs. Date- _...512.56.

acre feet

acreft. per sq. &le per year

cusecs. Dale- 1. 5.57.
cusecs. Dale- 8.1,2 57.

-era feet

acreff. per sq. miie. per year

cusecs. Date- 5. 5.58.
cusecs. Dale 3.12' 53-

acre feet

arrelt per sq. mile per year

canes. Date- 2- 5-59.
cusecs. Da'e- 23-11-59-



1954/55

1955/56

1956/57

1957/58

1958/59

REMARKS:

TABLE V

RUM FOYER SURVEY, HYDROLOGICAL SECHON

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

Ki 1 odb Oro STATION: raema No. IKE.4 CATCHMENT AREA: 7048 SQ MILES

Runoff In Acre Feet

Lowest discharE,-e 19541 2392 caste:. 2.1:55.

92

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic DataPeriod Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

Ist-tOth 43421 125838

182537

285496 316671 193317 154974 108327 89635 73053

71670

63950

neh-2oth 64794 165102 341639 209118 140046 102660 80942 58307
2Ist-the hut 109622 158529 191624 302386 198466 126284 102L2'. 84146 68900 55465

Whet e month (120000) (200000) 217837 466904 644222 960696 600901 421304 313652 254923 213826 150722

-
14-toth 52565 59198 138510 172726 263578 15344 0 367 67 6 2000-8 15608 123166 105059 571;7

nffi-20th . 48902 100573 156916 291395 299514 362319 306742 186100 14162 123800 100444_ 84550

21M1-01660 49496. 236562 371924 278229 337848 196514 269427 167944 142915 120822 93535 88416

ww.mosh 150963 276653 667350 944350 900960 1112273 9438.15 554082 438192 372517 299038 260123

1:1-10th 76424 79168 .155760 260505 173874 332084 306046 185348 147945 116710 93891 78010

1101-20th 71870 79574. 151584 227243 171814 190377 280151 166161 117876 105772 66944 73256
21,f-the last 66524 112713 185111 167330 -105522 410424 248857 159550 132300 121692 85310 73909
Whole month 214816 271455 494455 675078 651230 1132665 835054 511059 418123. 334174 266142 225175

1st-10th 65237 72961 219314 123542 171895 368796 368122 156863 119723 97013 83586 66781

11sfr20fh 63257 90366 1)7413 200436 282269 239037 219764 141556 107222 92200 7E010 70037

2131-the last 57557 171013 117979 141967 373053 328025 195425 126974 109715 I 97637 71958 68622

Whohlmonth 1S6091 334340 454726 46592,5 F..27 227 93555 763513: 425723 336665 263f.47 23:534 207490

IsHOth 60651 .6.2265 82316 154855 243153 250140 I 211053 115654 (.&030 69356 60766

7;325
51902

54739

54030lith-20th - 55896 85069 - . 179816 145329 213952 206908 151833 105480 51495 66384

2tst-the last 56146 181834 159219 150628 286560 2148021 144407 9T..674 8,7'9E0 65127 55997

Whole month 172693 329191 421351 454312 743685 I 701850 I 507313 - 3 2525Gb ''04677 170493 164816

Annual Runoff- 4 594 5Ç acre feet

Unit Runoff: 652 acreft. per sq. mile per year

Max. discharge: 19 000 cusecs. Date- 21a 55.
Min. discharge: 2 430 rusecs. Date- 2.12. 53.

Annual Runoff- 6 920 646 acre feet

Unit Runoff: 982 acreff. per sq. mile per year
Max. discharge: 29 000 cusecs. Date- 2. 2. 56.
Min. discharge: 3 230 cusaes. Date: 27.11. 56.

Annual Runoff. 6 029 648 acre feet

Unit Runoff: 856 acreft. per sq. mile per year

Max_ discharge: 26 000 cusecs. Date- 21. 4. 57.

Min. discharge 2 760 =secs. Dale. 1.12. 57.

Annual Runoff: 5 477 801 -era feef

Unit Runoff: 777 acre& per sq. mile per year

Max. discharge: 24 000 cusecs. Dale- 30. 4.58'
Min. discharge- 2 760 cusecs. Dale- 12-12. 58-

Annual Runoff- 4 439 927 acre feet

Unit Runoff:
630 acreit. per sq. mile per year

Max. discharge: 18 000 cusecs. Dale-4. 4. 59.
Min. discharge- 2 470 casees. Date- 7.11. 59.



1954/55

1955/56

1956/57

1957/58

1958/59

Luhombero
RIVER:

VOLE V

RUED! RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE ANO RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

IlonEa IKB.5
STATION: No

Runoff in- Acre Feet

93

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVErvIBER, DECEMBER OR JANUARY IT IS ENTERED UNDE.R THE PREVtUS HYDROLOGICAL YEAR"

CATCHMENT AREA:

Annual Runoff: 309 ) acre feet

Unit Runoff:608 acreft. per sq.

Max. discharge: 4 0

Th. dischctrge:

0 cuseos. Date:

cusecs. Date-

3

44m.

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:

864DAnnual Runoff: 21 acre feet
Unit Runoff: 554 acreft. per sq. mile per year

Max. discharge: 4 400 cusecs. Dale. 26.4.57
33

Min. discharge cusecs. Date:
2.12.57

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

395
SQ MILES

Characteristic Data

acre feet

acreft. per sq.

cusecs. Date:

cusecs. Date-

-cr- feet
acreft. per Sq.

cusecs. Date:

cusecs. Date

mik per year
_2,6, 2.55
12.12.55

mile per year
28. 4.56

12.12.56

mile per year
3. 4.5C

13.12.58

Annual Runoff- 101 769 acre feet

Unit Runoff: 263 arreit per sq. mile per year
3 400 5. 3-59Max. discharge: cusscs. Date

Min. discharge: 12 misers. D 24.11.59e-

After 28.11.58 rating, has changed ad adjustment for this has been nade in the run-off calculE.tions
REMARKS

as far as discharge measurements are available.

Period
_

Nov. Dec. -Jan. Feb. March A pri 1 May June July. Aug. Sept. Oct.

151-10th 14660 1c975- 13594 1.1000 30457 1160 1040 c.48

tith-20th 33772 15743 4177 13625 1715 1067 1004 907

21sffhe iast 4474 13291 15780 923 13766 ...z. 980 979

Whole month (4000) (5000) (O.0...0) 61923 (26000) 51503 27094 41300 6260 3371 3024 2834

10-106 940

926

800

1114

2772

2532

18266 18<-:7 1485 _5876 -1S2C ',01,, 2-44 2215

llth-29th 23485 43095 ]J173 5451 3553 2801 2350 2120

21ththelast 857 1154 24148 6534- 63333 3975 4446 .3633 1 2924 2117 2290

WholemoMh 2723 3068 29 r;z: 2 6»35 (47C-C) L2_:95 3737 7-773 71015 I 6741 7011 6555

ist/Olth 2028 2016 2760 4021 2729 7646 23,.63 5456 296,-; 2672 2-i52 2217

lior2tnh 20 -i 6 2108 246 15475 19:k3 l6A83 l248 4496ch6 2512 2600 2357 2140

2Istthe last 1960 2676 2748 3941 5666 160E6 707r-
S

3465 2960 2772 2290 2354
Whole month 6024 6800 7954 2.437 1232.; 72115 461.20 13430 c.73-.. 6'044 1099 0{1 L

lst-101h 2090 2180 338; 5000 a 207 30590 270s7. 5673 3710 2666 2102 1540

llsf-20th 2250 2460 2463 7669 6994 94c9 10313 .4221 3453

i

2:154 1652 1305

211fthe last 2140 3670 2862 10932 13570 93223 - - killi 4140 7Ro.a-, 1512 1379

Whole month 6480 5510 8714 2:A601 29771 63222 10410 7611 7:536 4224

131-10th 1096 950 2042 5935 12650 4472 4104 222: 1653 1290 ¿76 ;-.L.,

1ith-Xah 1096 1021 10479 3773 6257 2465 2559 1966 1520 1136 618 461

21 fthe last 1096 5029 3082 3751 594 Iû05 2305 1783 1561 1199 510 431

Whole month 31S 7000 1510. 134:9 24876 115z.0 9E66 5966 , 4:3-:- _05 2004 1402

377 703

956

700

95

228 434

5 000

44



7958/59

KigogoRuaba
RIVER:

TABLE, V

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

123.6
STATION: Na

Friok's Bridge

Runoff in Acre Feet

94

REMARKS:

NOTE: "IF THE MINIMUM DISCHARGE OCCuRS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER HE PREVIOUS HyD:zOLOGICAL YEAR"

CATCHMENT AREA:
311

SQ MILES

No readings for AprilMay 1957. Discharge figures have bean couputed by analogy with adjacent rivers.

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge- cusecs. Date-

Min. discharge: cusecs. Date-

Annual Runoff- acre feef

Unit Runoff: acreff. per sq. mile per year

Max. discharge: cusecs. Date:
81 26.11.56Min. discharge: cusocs. Date:

Annual Runoff:acre feet
Unit Runoff:

08,f

609; acreft. per sq. mile per year

Max. discharge.

Min. discharge
62

cusecs. Date.
14.12.57cusecs. Date:

Annual Runoff-

Unit Runoff:

Max. discharge-

Min. discharge-

365481 .

715

2300

93

Annual Runoff; acre feet

Unit Runoff:

246 a:'31

482

e:

arreit per sq

Max. discharg 151.)0 MIS ?CS. Date:

Min. discharge: 76 cusecs. Da fa:

acre feet

acreft. per sq. mile per year
15. 4.58

cuseCS. Dater
13.12.58cusecs- Date:

Period Nov. Dec. Jan. Feb. March April May June. July.
,

Aug. Sept. Oct.

13P-/Oth

.
fith-20th .. _

21sithe last

Whole month

1st-10th 59462 79765 21584 9553 6451 4653 3419 2459

tlik-20th 54753 60419 13276 8171 5887 4069 3076 2332

2/thihe last 63558 81221 51339 12318 7464 5346. 4061 2719 2487

Whole month
,

195344 191523 47173 2138 17690 12783 9214 7216

1st-10th 2106 28061

2823

3300

6314

I 18378 11240

13524 10929

i 9730 6254 5434 4140 3358

11M-201h 1776 3363 5823 5250 3742 3157
_

Ostthelas1 1746 3215 1 14379

i

I 12377 16493 6835 5164 35335989 3129

WholemonM 5623 3544 2'0)2 44279 33667 (73275) (36310) 24973 I '3071 15843 11420 9674

1st-10Th 2473 1768 2770 10476 12739 27953 25036 10532 7528 6005 4752 1391

11st-20th 2155 1705 9356 16990 19534 34776 17764 9236 7070 5471 4204 3173
.

2151the last

1

19-54 2255 10125 10751 22072 29659 13354 3279
_

7288 5488 3316 3033

Whole rnanfh 65:2 5723 22231 33217 54345 923J.2, 5:.)354 2D04:i 51c.3ID 16964 127:32 . 9607

15i/Oth 2470 2120 5792 6370 i 15486 23269 1 11597 5133 4400 3330 2714 2243

11th-20th 2303 4349 6143 7041 12563 13537 3032 4310 3394 3210 2443 2104

2151the last 2190 9053 5486 13234 21719 13814 6362 4550 3594 3354 2336 1994

Whole month 6963 155:2 27421 1 24195 1 49538 55640 1 26491 j451i_ , 12190 9394 7493 6341

1954/55

1955/56

1956/57

1957/58

mile per year
2. 4.59

18.11.59



1958159

RIVER:
Fluag-±

95

TASLI4

RUHR RIVER SuRvEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

STATION: No

Runoff in ;.are Taat

nJï

NOTE: -IF THE MINIMUM DISCHARGE OCCURS IN NO VEMBEP., DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREV;OUS HYMOLCG!CAL YEAR"

CATCHMENT AREA:

Annual Runoff:

Unit Runoff;

Max. discharge:

Min. discharge:

Annual R n ff.

Unit Runoff:

Max. discharge:

Min. discharge:

24

1957. DiSCI: f-zres -cy trale,&;/ rat acijace:Lt

SQ MILES

Annual Runoff:

Unit Runoff: 1 01°

Max. discharge

Min. discharge
8. r_

cl. 227

0.0

acre feet

acreft. per sq.

cusses- Date

cusecs. Da'e-

-cre feet

acreft. per sq. mile per year
264 =secs. Date: 33.3.55.
i0 cusecs. Date. 31.11.53.

mile per year
3- 2.'59.

16.11.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

tst-tOth

ntir2Oth

Zst-the last -
Whale month

Isf-10th 894 136:3 1152 7C34 667 535 3(35 332

/16-20th 370 676 c 7:4 .7-1., I .. 4ô :::- ...,-
-v:

,.,-,.

2Wrffiedast 1473 17:3 - . 56 .r......,-;-/-- '
1L_

321

1054 1

310

o1 Whole month 123: 25L 22:1 11.1:3

Is1-10fh 2715 350 4L)9 1067 -33 516 7J....L.:7'_ .2 362 31)

Ilth-20th 267 270 620 727 713 4; _ - 406 _; 4.. - 293

2ist-the last 264 470 1430 =75 . -- 155 -, 325 24
Whole month 806 1093 273n

1_ i b' 4 1'5: _

lst-10th 231/4) 194 490 j 619 -

u...

_ :57 263

2.5511s1-20th 217 273 266 -1L22 16.e -

19.: .1

-
.

7Ist-the last 212 363 363 vs, 3

Whole month 667 350 1119 2 2541 3....51 - 1 -- - 533

-a.namene.
1.11-101h 174 192

...,,
406 656 7j2 776 -

423

, 35- 94... aLi. 20::

neh-20th 183 491 34' 390 634 5jL 347 -. :-.
-2.:=4

35

231 212

2W-the /ail 19-S 65; 294 591 1C.c.7" .c,-, -:-, -, 421 316 e_, 2213

Whole month 553 1342 1042 1637 2-3:;-). 201; , 710

acre feet

acreft. per sq. mile per year

cusecs. Date.

cusecs. Date-
.12.57.

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge- cusecs. Date:

Min. discharge: cusecs. Date:

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year
Max. discharge: cusecs. Date-

Min. discharge: 11. cusses. Date' r.4

1954/55

1955/56

1956/57

1957/58

14 774

52

io

REMARKS:
::oredin



TAtE,' V

RUM! RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( 1st. Nov. - 31st. Oct.)

RIVER:
lipanga

STATION:
Mpanga

acre FeetRunoff in-

96

amimmo.

ist-lOth

nth-20th

21th-thelast

What* month

41

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DE(2E:VIER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

IKB8
Nn. CATCHMENT AREA: 937 SQ MILES

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

d iisschch:rggre; cusecs. Date

cusecs. Date:

Annual Runoff: acre feet

acreft. per sq. mile per yearFAU an xit.Rduisncohffa:rge:

cusecs. Date:

Min. discharge: 635 13.12.50.cusats. Dale'

693 367Annual Runoff- acre feet

Unit Runoff: 959 acreft. per sq. mile per year

.Max. discharge: 5 300 cusecs. Dale: 18. 4.57.

Min. discharge 570 cusecs. Date: 15.12.57.

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:

919 acreft. per sq. mile per year
5 6ct 31. 3.55.cusecs. Date:

544 cusecs. Date: 2.12.58.

Annual Runoff- 106 613 acre feet

Unit Runoff: ;54 nett per sq. mile per year
1Max. discharg 600

ax cusncs. Da fe: 26. 4.59.
43521.12.59.Min. discharge: cusecs. Dafe:

REMARKS. w

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

ist-lOth

-Ilttr-20th

21st-tha last

Whole month r

1s1-10th 28860 33879 22038

20226

39185

60839

56306

35523

25621

23290

20725

15596

19125

17277

15096 ' 13978

lith-20th 15977

21045

26545 26211

34284 18486

14940 13303

21st-fhe last 36355 53665 34900 22625 21451 17958 15646 13621
40902'WholemoMh :3800c) (49000) 89689 78576 76615 5u799. 139129 71726 61772 54363 46282

/31-10th 11982 11745 25260 :0895 28719 078i 53141 23357 13771 16632 15364 13942

1/41-20th 11602 15757 15157 24642 33423 30262 20987 22033 17746 163.51 14725 13599

,2hrikerast 13755 20620 11473 16291 56159 73757 23034 19868 18831 17836 14352 13739

Whole month 35339 45122 57890 Q3828 120341 .L67502 110212 65613 7535.: 50669 44461 I 41280

Isk-Imh 11911 12820 17166 23496 17460 30661 1 27361 17416 16622 14009 12811 12671

11m-200h 11144 19010 24514 18926 26420 26994 1 23192 16116 14122 13355 12352 11385

21stHO:Arksf 11019 34242 20473 21797 31826 39719 . 20665 16191 15911 15412 12193 11362

WhaemoMh 34074 660 2 623 3 64223 97703 97310 1 7fl24 50323 47255 43276 37356 35418

861 311 -cr- (eet

1954/55

1955/56

1956/57

1957/58

1958/59



REMARKS-

RIVER'
-
L-n-,7 era STATION: Tavot:i

Runoff in:

97

RUHR RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

No.

NOTE: "IF THE MINIMUM DISCHARGE OCCURS .1 NOVEMBE2, DECEMBER OR ;ANUARY IT 15 ENTERED uPEDER THE PREPOUS HYD2CLOG;tit L yEAR

CATCHMENT AREA: IF:-.)° SQ. MILES

Ch a ra cferistic Data

Annual Runoff: acre feet

Unit Runoff: acreft per sq. mik per year
Max. discharge- cusecs. Date:

Min. discharge: cusecs. Date

Annual Runoff- ocre feet
Unit Runoff: acreff. per sq. mile per year
Max. discharge: cusecs. Date'

Min. discharge: -tts,scs Date-

Annual Runoff: 'Op acre feet

Unit Runoff-acreft. per sq. p4.

x.

e.r 5y ea:

Ma discharge:

Min. discharge

3 730101- cusecs. Date:

.cusecs Date 3.12. 57.

Annual Runoff:o 142 'are Feet

Unit Runoff: 848 acreft. per sq. mile per year

Max. discharge:cusecq. Dale 24. i 56.

Min. discharge:

34 009

cusecs. Date:915 11.12.50.

Annual Runoff: 1 356 161 acre feet

Unit Runoff: 6'45 arreff per sq. mile per year

Max. discharget 7 (tia) CUS7CS. Dale .3. 4. 59.
Min. discharge: 910 cusecs. D -7e 15,11. 59.

Period Nov. Dec. Jan. Feb. March
.

April May June i July. Aug. Sept. Oct.

lst-102h

11th-201h

2Ist-the last

Whale monib
....

1st-101h 20400) 21335 I215 LLL -; 6794",:? T31 41;:'?/: -; - 2.. .717 2 3,:,1'2.1. ,,2

111h-201h 11800) 19029 36307 5700.3 44-2±2;-k4;. :.22 -iiE56 4.; 42 57 _38±..±.,-;:t 1_11298 2:3255 23119 16.53
21si-the last 16490 234283 60101 4.::501 70396 b.166 -.; -4: c _ - 365,07 / --..;4'::.

.
19995

Whi"h) monih 54690) 69147 1 i65k67 130202 iib5 k-0 2:4- 1/4:-..) 1] 2 ;:710 ,..4c/ i , 60:,73

Ist-10ii, i73J4 172:241 ¿1934 2135 , ,,...t. ,... . .1
% A. 51 - 3 ' ;"

llst-2191h

I
; .109.) 25065 .33-360 4:1 ac it, c4,..»..)8.-:,

,
.:_1,21 ..._

21st-the last 15877 44O6 12106 -iric i:9 - - 2';--; 3:5 200;
Whole month 50,302 36321 1274,03 ' 31171.) 12: _ 11 .,,-; I - 57317 7.y7.11 240

1s(-100; l61 2049 27354 629:+-'. 7833 36207 5. -., 023 197.17

Ilfh-20fh 18389 29094

6127

39116

j5134

42725
C111

5E925 5521: 37974 '2L2 2- . , , :: 60-' 01748 ?C-Cc 5

21st-tha last 16425 101945 i 673 34520
j

" - 1 j7

Whole month 56429 10:3570 121784 1-7c52 238903 1237 611 -_,_- -) n

1954/55

1955/56

1956/57

1957/58

1958/59

Ist-/Oth

111h-20th

21th-the last

Whole month



REMARKS:

Ituhuji
RIVER:

TABLJ; V

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (Ist.Nov. - 3Ist. Oct.)

STATION:

Runoff in: Acre Feat

Livrayama 1 lure,

98

TTP. 10
No

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECE1VIBER OR JANUARY II IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

3294
CATCHMENT AREA: SQ MILES

Characteristic Data

acre feet

acre/I. per sq.

cusecs. Date-

^usecs. Date:

acre feet

earth. per sq.

cusecs. Date:

cusecs. Date:

acre feet

arrelt per sq.

CUS ?CS. Date:

cusecs. Date:

mile per ycar
15 57.

mile Per year
2. 5.58.

17.11.5.8.

:ear
16. 1.59
2t n .1:11133.5r9

Period Nov. Dr. Jan Feb. March April , May June July. Aug. Sept. Oct.

ist-toth

ilth-20th

21d-thelest

Whole month

tst-lah 65521 137770

105984

6956 182141._

256475

2.22708

182727

85817 59623 48629 38602 311541

Ti(h--20th 83181 77115 73215 54501 44958 356F,8 29772

27st-the last 37894 62302 66836 185471 262675 120859 66006 57500 46202 34305 301(1
Wholemonth : 0000) 00000) 211004 310570 326542 701297 536334 225126 171624 119379 106795 91464

10-10th 26597 27085 110891 5340 06381 206600 196902

90113

63629 49783 37941 32470 27153

ns1-20f1. 26074 40686 48947 102929 174678

262097

96517

150944

53i63 4339
44226

35354 30160 26951

215t-1he last 23521 31946 50765 67637 80333 52955 37639 2E07' 27266

mami.momh 76192 149717 210603 224006 533156 49061 367353 1T.9-7 138628 111434 91603 8 C

ememe..--____
lsi-1011) 23847 26_23_ 34055 61005 104111 136670 1 33060 41331 32936 ;:j..7.:476 2203E 21994

11M-2011/ 22705 37102 117404 70546 110262 91676 52371 37678 29717 25757 21150 22266

210-the last 24336 84515 72689 69378 161794 014524 52156 35741 29662 25076 20480 21261

Whole month 70688 147310 224148 2009'32 376173 319998 1193667 114518 92565 75B9 63663 65523

Annual Runoff-

Unit Runoff:

Max discharge-

Min. discharge:

Annual Runoff:

Unit Runoff:

Max. discharge:

Min. discharge:

Annual Runoff. 2 992 567

Unit Runoff: 908

Max. discharge- 15 000

Min. discharge 1 114

Annual Runoff: 2 651 270

Unit Runoff: 807

Max. discharge- 14 000

Min. discharge: 1 134

Annual Runoff. 1 945 715

Unit Runoff: .701

Max. discharge. 11 000
8,6,6Min. discharge.

1954/55

1955/56

1956/57

1957/58

1958/59

1st-10th

Ilth-201h

2/f1-the tart

Whole monthi

acre feet

acreft. per sq. mile per year

cusecs. Date.

cusecs. Date:

acre feet

acreft. per sq. mile per year

cusecs. Date.

cusecs. Date-



1958/58

Acre FeetRunoff in-

99

To at V

RUFUI RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERcD UNDER THE PREViOUS HYLIZOLCG:CAL YEA r

Annual Runoff-

Unit Runoff:

Max. discharge:

Min. discharge:

20

Annual Runoff- acre feet

Unit Runoff: acrelf. per sq. mile per year

Max. discharge- cusccs Date:

Min, discharge: cusecs. Date

Annual Runoff: acre feet

acreft. per sq. mile per year
Mar.

rit.Rdiu:co

cusccs.

DateMin,discharge: cusecs. Date-

Annual Runoff- 41 530 acre feet

Unit Runoff: 671 acreft. per sq. mile per year
Max_ discharge; 1 6,...13

Min. discharge

Annual Runoff: feet

Unit Runoff: 77,0 acreft. per sq. mite per year

Max. discharge: i1,;() cusecs. Dase-
6,,0Min. discharge: cusecs. Date

/93
471

7 CO

Characteristic Data

acre feet

arrelt per sq.

cusws. Date:

cusecs.

REMARKS:

mile per year
21. 3 59

14.11 . :)9 .

Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1st-10th'

/1th.-20Ih

2Ist-the lest

Whole month

lst-70th (i&3) (140) 713 935 -
. .

-5-..
fith-20th (150) (170) 2.(>7 312 37.b6 7105 -

.,..

112

2131-the lest (13u) 382 , _,, 75:i :231 3,-.L71 , :__ ,
Whole month (460) ( 692 ) 1913 2003 6337 14:d.; :,.., _ 175:- 1217 _ ,

Ist-lath 70 15 505 330 -, -,-,_. - , ...; 1191 c12 ,,,- 2:3

11,t-20th 49 124 144 52i4_

733

3263 11 17222- 295
. ,

2Ist-the lest 32 560 450 5411 937 1537 77 231.

Whole month 1;i 1019 1179 1572 106C5 1 i :::;:: : _ :2.. i_.., .. _

Co...

111-10th 166 129 633 1247 22 .).-; 1C1 ' c ;-. . -) ... - ¿11

1101-2171th 137 180 1536 934 13o9 J .137 .., ....., 222 i,2
2Isf-the lest 125 2442 r; 80_ 1764 35:L :COO D11 502 2c..3 162 1 t; 5

Whole month 423 2751 2799 39:::' 712 4420_ 2311 i , IlTu 510 c.: -/-':-

cusecs. Date- 17. 3 -:.:7

cusecs. Date:
10 1-

::: .2.7.
--

nth -20th

210-thelasi

Whole month

RIVER:
Sofi

STATION-
Sofi flosion

No
=11

CATCHMENT AREA: SQ MILES

1954/55

1955/56

1956/57

1957/58



REMARKS-

RIVER'

Runoff in- acre Feet

TABLE, IT

RUF111 RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

Idete 17=12
STATION: No CATCHMENT AREA: SQ MILES

NOTE: "IF THE MINIMUM DiSCHARGE OCCURS IN NOVEMBER, 'DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff: acre feet

Unit Runoff: acreff. per sq. mile per year

dii sschcha7gee-: cusecs. Date -

cusecs. Date-

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge; =secs. Date:

Min. discharge: cusecs. Date:

521
Annual Runoff. acre feet

Unit Runoff: 250 acrek per sq mile per year

Max. discharge: Uncertain cusecs. Date:119.12.57 .
Min. discharge cusecs. Date:

Annual Runoff. LIF 3 9'5 acre feet
36Unit Runoff: 3 aereft. Per sq. mile per year

Uri c a I" t a in
Max. discharge: cuseci Date:

:
Min. discharge: 17 cusecs. Date: 1.6.12.fi.

Annual Runoff- acre feet

Unit Runoff: nett per sq. mile per year

Max. discharge: cusecs. Date:
6.2

Min. discharge: cusecs. Oaf es
14.11.59.

Period Nov. Dec. Jan. Feb. March April May June July. Aug.r Sept. Oct.

tst-toth

llift-20th

2131-the last

Whole month

1,1-10th :52 102 ,ü 3.::.,,j 17C,

i;$ '-'

210 4 I 6T .., ,
llth-20th ïïi .T 1 i..., _ - .51 3591 71--9 634 :77 3 '99

2Ist-the last 3 S92 37 :::' iSt 121 .::. 179 7i -e6r2 -

Whole mordh (12I.J0 ) 00 - -- 1395 2J 7119 L4r 2206 ,...j., 1:7,,9 1464 104.17

I 7st-leth 2 22,9 319 2.32 40 3464 j1.3..... 160-L 1237 L79 35'3 ,-..

11st-20(h 29 ,n2jvt, 271 343 ' ' ' 1234 772' 1911 1071- 792 570 40'

27sfrihe last 392 319 tyr-:; 5402 5743 23.P 1-3.; 1040 cr
------) 5 .'3 39

Who(e month 916 63 62.42 i:o 1J22 2475 172 -, 2211

lsI-10th 368 331 463

ilth-20th 3 0 -10-{-- 3t-3 427

211t-the last 375 575 :nro..., 379

Whole month 11-4 13)3 1323 1265 ,

1954/55

1955/56

/956/57

1957/58

1958/59

Ist-lOth

rIth-20th

OM-thetas!

Whole month



1954/55

1955/56

1956/57

1957/58

1958/59

LII313 v

RUF111 RivER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

STATION: Kibaoni

.A.cre-Feet
Runoff in

101

No. TICS14

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT IS ENTERED UNDER THE PREV7OUS HYDROI.CG(CAL YEAR"

CATCHMENT AREA: 165 SQ. MILES

Annual Runoff.

Unit Runoff.

Max. discharge:

Min. discharge:

Annual Runoff.

Unit Runoff:

Max. discharge:

Min. discharge

acre feet

acreft. per sq

-usecs. Date-

cusecs. Dale:

acre feet

acreft. per sq.

cusecs. Date.

cusecs. Data.

REMARKS.
Disca..:rges befOre lat 1958 are obaenred. at Ir.akara, Station o.

mile per year
20. 2.56.

13.12.56.

mile per year
16. 4.57.
9.12.57.

Annual Runoff: 295 1 ï3 -cra feet

Unit Runoff: 1 7:39 acreft. per sq. mile per year
3Max. discharge: 6 00 cusecs. Date: 30 3.56.

Min. discharge: 101 cusecs. Date- 4. 1-59-

Annual Runoff: 126 Ti 30 acre feet

.

Unit Runoff: 768 arreit per sq. mile per year

Max. discharge: 1 600 Dale 27. 4.59 -

Min. discharge: 10
cusecs.ousecs. Da:e. 3.12.29.

Peribd Nov. Dec. Jan. Feb. March Abril May June July. Aug. Sept. Oct.

1s1-10fh 4S1 3487.

tlar-201h 5335 3972 3106

21s1-the last , 2-:5R,_ , 3720
12073

2955

95@Whole month

10-10th 2767 1765 3291

5560

6633- 17867 23176 20642 13204 7003 5573 3973 2939

tlth-212th 2629 2610 12797 13467 28t46 152:57 11097 OD ' 4215 3)99 25)5

21th-thelast 2113 2638 12016 14665 9560 34472 14343 9015 69c1 4530 3446 2730

WholomoMh 7509 7021 20367 34101 40394 36494 50242 3-i316 2152n 1,:-T16 11013 8224

1.0 --VA 2403 2300 5452 7730 3595 16233 30041 14030 8704 6270 3735 3297

11ffi-21Nh 2243 2333 31051 4579 5764 26710 21093 11527 7960 '5186 3365 3108

Mst-th last 1995 4503 10153 2364 717)07 '27211 1557.: 1013c; 7511 45;9 3515 3955
Whole moMh 6641 9147 15461 14573 17266 70204 70713 159)5 241 :6095 7094.5 10350

10-1 0th
.

1ln-20th

3117 2353 3153 2621 6406 2Ì_,..Ti 0

13646

c, s )..2'95 ,L.3, 4153 3405 2904
217,02516 1140 2347 3361 7070 164")1 7639 5473 350 3225

____
21st-the issf 25(54 4519 2691 3009 23623 45731 13270 620-: 4925 .:01-6 i0'.8 2913

Whet* month 6187 10 I 7., 5 or; 8991 42104 27217 59049 E1-lil, 15365 170->f: 9:-S.L... 35515

1st-10th 2519 2410 2536 3601 6029 35_ --. '59-'2 3060 3103 2300

2245

2132 1737

11M-20th 2447 2593 3413 4676 f3796 5743 4630 2844 2567 1998 1732

21st-theta& 2432 3715 2541 2961 7410 10330 3860 2706 i 2676 2732 1911 1E45

~di m001 7393 37 23 :790 11238 19235 20211 15455 ,13112 I 8346 I 7277 6041 5364

RIVER: Lualem6

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge- cusecs. Date

Min. discharge: 74 cusecs. Dale 12.12.55.

335 933
2 036
3 000

33

305 651

1 853

3 100
113



Lgeta
RIVER:

T.IBLE

RUFUI RIVER SURVEY, HYDROLOGICAL SECTON

DISCHARGE ANO RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st Oct)

=15
STATION: Na

L16nombe,

ae,"Runoff in- cre Fe

102

1,i-10th

llth-20th

21th-the test

Whole month 1

124
CATCHMENT AREA: SQ MILES

REMARKS.
This is a -very good staLion for the recording of loner disc:iarr7es, but during floods tine wa.ter level at this sito

is influenced b- flooded areas thriller river. i new gauge is recoraiended establishei at rocky section
h--,strea-, of ro 4i bridre where. conditioss will be free of bac-k water effect.

NOTE : "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEPABER OR JANUARY IT IS ENTERED UNDER THE PREVIOUS HYD2OLOGCAL YEAR

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: acreft per sq. mile per year

Max. discharge: cusecs. Date:

Min. discharge: cusecs. Date:

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date:

Min. discharge: cusses. Date:

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Dale.
143 24.12.57.

Mi n. discharge cusecs. Date:

Annual Ruroff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: Unce.rtain cusecs. Daze
147 12.12.56.

Min. discharge: cusecs. Date

Runoff- 235 517 acre feet

Unit Runoff: 1 699 acreft. per sq mile per year
UncertainMax. discharge: CUStCS. Date:

127 2.11.50.
Min. discharge: cusecs. Dase

_
Period Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

1st-10th

1111,-20th

2Ist-the last

Whole month

1st-10th 3159 4379 3336

6342

5246 1335G 7726 5227 45
423=

4015

3674110-20th 4030 3103 6713 20568 ord i 6381 5010

21st-the last 2938 4723 3551 3739 19408 3959 7047 5426 4160 3765

Whole month 11952 11013 13017 31620 2i5 , ts.,, , 12E.33 114(4

ht-10th 2910 3570 3756 4035 568
13456

10370 15622 1453 - 0-_,- - 441 3799 3103

33761/th-20th 2996 3705

7928

4641

4524

4433 11964 13010 6953 4979 417j 3105

215t-the fast 3589 3991 05,2 27081 i 9431 5932 4904 4606 3156 3037

Whole month 9525 15203 12921 12514 2d566 43415 i 38113 203f 3 1:749 13262 10360 9516

lst-10th

11th-20th

2Ist-the last

Whole mon:h

1954/55

1955/56

1956/57

1957/58

1958/59



1958/59

103

RUFLII RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR (lst.Nov. - 31st. Oct.)

STATION:

Runoff in. Acre Fee.L

NOTE: "IF THE MINIP.AUM DISCHARGE OCCURS IN NOVEMGER, DEC.:EBER OR JANUARY IT IS ENTERED UND:R Ta PREV:OUS HYD:"...0LOGICAL YEAR

11C:16
No CATCHMENT AREA: 53' SQ MILES

Characteristic Data

Annual Runoff: acre feet

linit Runoff: acreft. per sq. mile per year

Max discharge cusecs Date:

Min. discharge: o cusecs. Date-

Annual Runoff acre feet

Unit Runoff: acrelt. per sq. mile per year
Max. discharge: cusecs. Date-

Min. discharge: cuse.cs. Date-

Annual Runoff- acre feet

Unit Runoff: acrefl. per sq. mite per year

Max. discharge: casecs. Date:
3 4Min. discharge

110 . .51.cusecs. Date

Annual Runoff: 557 439 :are feef

Unit Runoff: 1 099 acreft. per sq. mile per year
8 00Max. discharge: 5 cusecs. Date- 2135c:

12'Min. discharge: cusecs. Date: 5.1-59.

Annual Runoff.

Unit Runoff:

Max. discharge:

Min. discharge-

acre feet

arrelt per sq.

cusecs. Date-

cusecs. Date:

REMA RKS-

mile per year
16. 1.59.
23.11.29.

Period N3V. Dec. Jan. Feb. March April May Juno July. Aug. Sept. Oct.

Ist-toth

1/11r-2001

2/sf-the last

Whole month

1s1--101h 3168 99)i ";647 21.350 7c)5:4

30096

611i:1

5773c 16519 901.E 6243 446f.,

4080 29c)llst-201h 4636 486 20003 32326 26572 1026 755 5456

31-the /asi 1C 97.',3 67o2 1693 62.949 228 j 10515 6632 5441 37C 3C)Z7

Whole month _. 3.143 ' 1ci.L6o I 4uu64 fl2 u 17-Lro i227 cl,:i

1s1-101h :965 3850 5.31 14609 1;.2,-.3 1743 u
-_,

23o6

Ilth-2Cti, 222 109.S...) 373.6:u 16145 1620 16112 1 1554 04_5 4Q- 35.:.7 0;:.0,..,- 2233

215(-the last 3:7;2'.:- 2....--,;)' 'r 'r 1::-16::' 21625 ',7721 2-ii.-; 956E, ---;:5...-2.6..... ., -. -:1-.,-. , - 4,-=.,---_, 2165

Whole monfh t i a .:713 "5:S;" -237Q C.-,-CCAT -9719 40'9:65 1E35E) u 1u:_62 c.,-,_ 67,24

131-10th

lit?, -20th

21fh-the last

Whole monlh

405 745

¿Co

2C.A2;7

RIVER:
.7t.-rua

1954/55

1955/56

1956/57

1957/58

/s1-/Ofh

111h-201h

2131-lhe last

Whole month



104

Ts:LIZ '47

RUM RIVER SURVEY, HYDROLOGICAL SECTION

DISCHARGE AND RUNOFF SUMMARIES FOR THE HYDROLOGICAL YEAR ( lst.Nov. - 31st. Oct.)

RIVER: Kilombero STATION: Sy;ero No. CATCHMENT AREA: 1291f.-, SQ. MILES

Hur.dred ic.re Feet
Runoff in

NOTE: "IF THE MINIMUM DISCHARGE OCCURS IN NOVEMBER, DECEMBER OR JANUARY IT S ENTERED UNDER THE PREVIOUS HYDROLOGICAL YEAR"

Characteristic Data

Annual Runoff- acre feet

Unit Runoff: Bereft. per sq. mile per year

Max. discharge- cusecs. Date-

Min. discharge: cusecs. Date-

Annual Runoff: acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Date-

Min. discharge: cusecs. Date

Annual Runoff- acre feet

Unit Runoff: acreft. per sq. mile per year

Max. discharge: cusecs. Dale*

Min. discharge 3 565 cusecs. Date " 12-57*

Annual Runoff: 11.22 million -era feet

Unit Runoff: etz-9 acrett, per sq. mile per year

Max. discharge- ^66 000 cusecs. Date- 5. 56-

Min. discharge: ) 45'; cuiecs. Dater 8.32.56.

Annual Runoff- . 6:19 million acre feet

Unit Runoff: 526 arreit per sq. mile par year

Max. discharge: 21; 000 cusecs. Dale 4. 5. 59.

2 860 '73.11. 'h.Min. discharge: cosecs. Daie-

REMARKS.

Period
7

Nov. Dec. Jan. Feb. March April May June July. Aug. Sept. Oct.

131-101h

neh-20111

2Is1-the last

Whcle month

Ist-lOth 30; 1439 1262 25L. 6

572

2...).:,u 1160 946

1131-201h 914 1640 1626 ieb3 1O.; - :. 3 z S2 aECJ 1345 1092 900

927131-lhe la I _, :: .,i1 ; - - 1 , 3 1373 1029

Whole monlh )0, 611 iCJ -.-.,_, ,,,- _ _ t191 bi 2773

Isl-10Ih 762 89.2 1410 203A, 2576 0 A081 515 3035 9.9 72:6

7..,:.6lifh-201h 734 768 14:26 2442 ")217--,- .22Q5 4526 Liio0., 122: 32

210--lhe last 6.:4 3) Sc3 _772 167 - ' .... J»,:-:.: 1? j 10 7Cí0 736

Whole month 2203 2.34`. 53 9'722 _ -, I lT:3 . _ _
C; : )--1- :5 Lr.) 1 24°0 2233

131-101h

tIlh -201h

2101-lhe

,Whole month

1954/55

1955/56

1956/57

1957/58

1958/59

llth-20fh

2Isl-lhe last

Whole monfh



1 0 5

TL3LE XI
RUF1.11 BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
0I3SERVED AND SYNTHETIC YEARLY VALUES.

RIVER Rufiji STATION Stiegler' s Gorge No. 1K5 CATCHMENT AREA _61_los___ SQ. MI LES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET :

:

%oF
MEAN

,

1

,

i

INCHES

.

;ACRE FEET !

i

1

ck/F
MEAN

,

,

,

INCHES
RUN OFF

COEFFI CIENT

'

%OF
ACRE FEET

MEAN INCHES
LOSS

COEFF/C/ENT

1940-1941 108 630 000i 99 53,4 17 910 000
1

99 .

+
5.5

4
0.16 90 720 000 99 2749 Q.84_

1941-1942 1.3 310 000 112 5749 21 500 0001 119 1 6,6 i Q,17 101 840 000 , 111 31,5 0,83
1942-1943 100 11.10 000 . 91 ' 30.7 15 630 0001 87 I 4.8 0.16 84 480 COO 92 25.9 0.84
1943-1944 100 330 000! 91 50.8 15 650 000 87 4.8 0.16 84 700 000 92 i 26.0 0.84
1944-1945 132 i;;:ao 000 . '2-, 4Ç F7 25 7i-'0 000! 135

,. ;o 0 :ft 72P cill cro no 7f34 0.82
5 YEARS AVERAGE 11 °op coo : 103 ;,-,e ( 18 890 000! 105 5,8 0.17 .94 110 000 103 ; 28.9 0.83

1945-1946 99 9°0 000 01 30.7 16 650 000: 87 4.8 0.16 84 350 000 92 25.9 0.84_
1946- 1947 1158 010 000 126 : 42.4 25 060 000! 139 7.7 0.18 112 930 000 ' 123 : 34,7 0.82
1947-1948 j116 110 0001 100 t 55.3 19 540 COC 108 : 6.0 0.17 96 570 000 105 ! 29.6 0.83
1948-1949 80.570 000' 75 1 24.7 10 750 000: 60 3.3 i 0.13 69 620 000 76 21,4 0.87
1949-1950 121 380 000 111 -, -of.° 20 840 000 115 6.4 ! 0.17

..

100 540 000! 110 i 30.9 0.83
5 YEARS AVERAGE 111 170 000 101 - 54, 1 18 570 000' 102 5.6 0.16 92 800 COO: 101 28.5 0.84

195O-95J
115 970 000; 104 55.0 19 220 000: 106 5.9 Ç.17 ? 750 0000 103 29.1 0.83

1651-1952 128 680 000 117 69.5 22 800 OOG 126 7.0 0,18 105 880 000 116 32.5 0.82
1952-1953 Bi 800 000; 75 1 25.1 11 070 000' 61 I 3.4 0.14 70 730 000 77 ! 21.7 0.86
1953-1954

1954-1955

89 840 0001
109 950 0°0:

82
100

! ,

!

27.6
55.6

13 030 000
18 310 000

72

101
' 4.0

5.6
044

' 0.17
76 810 000_ al
91 640 000 100 ;

25.6
28.0

0.86
0.83

5 YEARS AVERAGE 1104 850 000 96 52.2 16 890 000 -,90 5.2 ' 0.16 87 960 000 96 27.0 0.84
15 YEARS AVERAGE p109 ftio OCO 100 33.7 18 050 000 100 5.5 0.16 91 620 000 100 28.2 0.84

1955- 1956 156 010 000 142 47.9 29 800 OCC 165 9.1 0.19 126 210 000 138 38.8 0.81
1956-1957 122 870 000 112 37.7 19 440 000, 108 : 6.0 0.16 103 430 000 115 31.7 : 0.84

f

1957-1958

1958-1959

113 130 000
94 650 000:

103

86

54,7
29 .1

18 500 ooq
14 360 000

102

80

, 5.7
4.4

0.16
0.15

94 630 000: 103

80 290 000 88
r

29,0 1 0.84
24.7 ! 0.85

1959-1960 I

5 YEARS AVERAGE 1

MAXIMUM 156 010 000 ! 142 I 47.9 29 800 000 165 9.1 1 0.19 210 000 138 38.8 1 0.81 I

MINIMUM 80 570 000i 73 1 24.7_ 10 760 000 60 5.5 1 0.13
1126

69 620 000 76 21.4 , 0.87 1



TABLE

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER .. STATION Lri nga No. llzA2 CATCHMENT AREA 1127 SQ. MILES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

'OF
ACRE FEET

MEAN
,

INCHES ACRE FEET 'OF
MEA N

INCHES RUN OFF
COEFFICIENT

o(DF
ACRE FEET

MEAN

1

i LOSS
INCHES

1 COEFFICIENT

1940-1941 2 154 000 100 65,8 432 000 97 7,2 0.20 1 722 000 101 28.6 0.80
1941-1942 2_625 0.00 ' 122 ! 45..7 625 000 111 10,4 0.24 2 000 NO 117 34.5 0.76
194j-1943 -,.. 145 OTO 100

E 55.7 432 000 07 7.2 . 0,20 1 713 000 100 28..5 0.80
1943-19-14

1944-1945

1 .6. .,:a op° 88
F) 017...SL/_____liD

' 31.3
H02

_542 000
811 000

, 77
183 !

4.?
1"5

!

0.18
027
0.22

1_541 000_ 90
2 O. 0 0
1 837 000 107

.2,5.6

30.6
0 rs
::::'5 YEARS AVERAGE 2 365 000 110 39.4 528 000 119 8.8

1943-1946 1 807 000 86 31.6 548 000 75 5.B Q.18 1 549 90..91. 25.8 0.82
1946-1947

1947-1948

2 438 000 113
2 233 000 106

40.6
58.0

553 000
487 OCO

,

i

125
110

92
6.1

!

!

0.23
0.21

1 885 000 110
1 796 000 105

31.4
29.9

0.77
0.79

1948-1949 1 567 000 73. 26.1 216 000 55 1
4,1 0,16 1...21 000 77 2.2.0 0.84

1949-1950 1 612 000 76 27.5 270 000 H 61 4.5 0.16 1 372 000 80 22.8 1 0.84
5 YEARS AVERAGE 1 005 000 -10. 32.7 381 000 86 6.3 0.19 1 584 000 93 26.4 0.81

]95U-19l 2 107 000 102 66.6 451 000 102 7.5 : 0,20 1 746 000 102 29.1 : 0.80
1651-1952 2 530 000 ....118 42.1 601 000 135 10.0 0.24 1 929 000 113 32.1 i 0.76
1952-R/53 1.858 000 86 3(),9 356 003 E 76 5.6 ' 0.18 .o 000 89 25.5 0.82
1953-1954

19.54 1955

2 107 000 :.. 98

1 922 000 89
35.1
32.0

420000
301 092

, 05
68

7.0
5.0

,

!

0.20
0.16

1 687 OCO 99
1 621 000 95

28.1
27.0

;

!

0,80
0.84

b YEARS AVERAGE 2 123 000 99 35.3 422 000 : 95 ' 7.0 1 0.20 1 701 000 100 28.5 ; 0.80
15 YEARS AVERAGE '(:;. 1,5.1_000 100 35.6 144 000 ! 100 7.4 ! 0.21 1 707 000 1 00 28.2 0.79

1955--195t3 2 460 000 114 40A,S 567 638 128 9.4 0.25 .1.892 362 111 31.1 . 0.77
1936 - 11137

1957---1958

2 637 000 123
2 156_000. . _ .99

43.9
5F.0

574 172
405 293

.

!

1

!

129
112

9.6
8.2

,

'

0.22
0.25

2 062 828 121
1 6I C 707 96

54.3
. 27.4 1

1

0.78
0.77

1958-1959 2.011 000 93 53.t3 an 410 86 6.4 0.19 1 628 490 95 27.1 ' 0,61
1959 1960.

,

5 YEARS AVERAGE i

MAXIMUM 3 017 000 140 50 2....s 811 000 183 13.5 i 0.27 2 206 000
1

129 ! 36.7 ! 0.73
MINIMUM 1 567 000 73 26.1 246,000 55 4.1

1 0.16 1 321 000 77 22.0 ' 0.84
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TABL3 XI

RUFIJ1 BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES

STATION No._.1,35___CATCHMENT AREA SQ MILES.

HYDROLOGICAL
YEAR

//11 31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET
9;0F

MEAN
INCHES ACRE FEET

°ACE
MEAN

INCHES
RUN OFF

COEFFICIENT
°00FACRE FEET

MEAN INCHES
LOSS

COEF'FIC ENT

1940-1941
,

0- - 4., CL.-.0 107 r7, q ci .0 Cri tn, (}
4., ,J0..., .,...... 110 1.6 I 0,067

i

36 062 OCO 107 22.30 0.933
1941-1942 45 000 000 122 27.3 3 z-30 000 I 14-± 2 0.076 41 570 0.00 121 25,22 0.924
1942-1943 32 917X0 90 23.0 1 880 000 1 79 1.14 0.057 31 037 000 90 18.86 O. 94a
1943-1944 31 800 COO 8.7 19.3 1 750 000 1 7:3 1.06 0.03'5 30 050 000 87 18.2,1 0.945
1944-1945 ,58 583 000 105 23. a 2 520 300 1 105 1.53 0 065 36 06.3 000 105 21.87 , 0.935

5 YEARS AVERAGE 34 018 000 102 22.8 35 078 OM 102 21.32 0,935
1945-1946 L -167 000 93 20.7 32 187 COO 94 19.50 0.942
1946-1947 50 375 000 157 50.6 46 045 Q.Q0 134 27 97 0.914
1947-1948 41 708 000 .... 113................ ..-,:aq

-
4%) tit g58...775. 000 113 23.52 0.930

1948-1949 25 500 000 69 15,5 24 550 000 71 14.80 i 0.955
1949-1950 59 583 GOO 109 .2/1,2 37 183 000 108 22.56 1 0,932

5 YEARS AVERAGE r-)8 557 Orr ir1/1 2." 5 2 620 CCO 110 i .---o,,,o, 0.068 .35 707 000 104 21.71 1 0.932
1950-1931 39 812 000 108 24.2 2.700 000 113 1.64 0.068 37 112 OCO 108 22.56 ' 0.932
1651-1952 42 916 000 117 26,1 .130 000 131 1,90 0,075 39 786 000 116 24.20 0.927
1932-1953 25.. 916.000 71 15.7 1 190 cco 50 0,72 0,046 .24-726 000 72 14.98 0,954
1953-1954 27 083 000 74 16.4 1 280 000 54 0,78 0,048 25 803 000 75 15.62 0.952
1951 1955 36 416 000 99 22.1 9 190 rxo 92 1.33 0.060 34 226 OCO 100 20,77 0.940

5 YEARS AVERAGE 34- 429 000 94 20.9 2 100 000 ' 88 1,27 0,061 32 329 000 94 19.63 0.959
15 YEARS AVERAGE 76 758 000 100 22.3 2 586 000 100 1.45 0.065 34 372 000 100 20.85 ; 0.935

1955-1956 52 505 000 145 31.9 4 830 OCO 1 202 2.95 0.092 A7.673 000 139 28.97 0.908
1956-1%57 46 878 000 128 28.5 3 640 000 152 2.21 0.078 4,16 238 000 126 26.29 0.922
1957-1958

1958-1959

41 692 000
35 867 COO

113

98

25.3
21.8

2 990 000 ,

,

2 250 000 1

125 1,82
94 1.37

0,072
0.063

38 702 000 113

33 Cl? 000 98
L 23.48

20,43
0.928
0.937

1959-1960

5 YEARS AVERAGE

MAXIMUM 52 503 000 14-3 .51.9 4 830 000 202 2.93 0.092 47 673 000 139 28.97 1 0.908
69 15.5 1 15Q 000 48 0.70 0.005

1

24 350 000 '71
1

14.80 0.955
i

MINIMUM 25 503 000
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TLELE Xi

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER _Great auaba STATION :11.1.1-uns No. rtz.:/- CATCHMENT AREA 28774 SQ. MILES

HYDROLOGICAL
YEAR -

1/11-31/10

RAI-NFALL RUN-OFF LOSS OF WATER

ACRE FEET -,i0F
MEAN

INCHES ACRE FEET
: MEAN

RUN OFF
INCHES

COEFFICIENT
%OFACRE FEET

MEAN INCHES
LOSS

COEFFICIENT

1940-1941 36 217 000 107 23.6 1 84,0 000 107 1.2Q E 0..051 54 577 000 107 22...4 0.949
1941-1942 41 129 0)0 122 26.8 2 454-000 ; 145 1.80 ! ..0...C.8.0. 3E6.75 0.00. 120... .25.2 0.91-0......
1942-1943 9925 000 - 88. 19..5 1 227 000 ! 72 0.80

I 0.041. .28.. E98 000. .Ea_ 0..959
1943-1944 29 465 000 87 19.2 1 227 ow . .72 , 00 0.042 28 258 000 88 : 18,4 . O95$
1944 -1945 00 2,90 CuO 104 23.0 1 840 000 107 1r;^ ' 0.052 33 456 000 104 ; 21.8 0 948

5 YEARS AVERAGE 34 406 C.0 102 22,4 1 718 300 : 100 1.12 0.050 62 688 000 102 21.5 0.950
19-15-1946

1946-1947

32.3a0 000
46 192 000

96
136

21.1
30.1

.14 000 ,

3 221 000 ;

90
188

1,00 0.447
' 210 : 0.070

50 846 000 96
42 971 000 134

20....1

28.0
0,953
0.930

1947-1948 37 905&3O 112 24.7 27990000 ; , 125 1.40 o.o57 35 758 000 111 23.3.. 0,943
1948-1949 24.400 000 72 15.9 920 000 54 0.60 : 0.038 23 480 000 73 .1.5 ,.3...._. _0.962
1949 -1950 36 831 000 109 -..4.0 J. 994 OCO : 116 1.50 0.054 34 837 000 ; 108 22.7 0.946

5 YEARS AVERAGE 55 542 000 105 23.2 1 933 000 i 115 1.28 : 0.055 33 579 000 105 21,9 0.945
1950-1931 36 370 GOO 107 ..2.7 1 994 000 ; 116 1.30 0,055 34 376 WO ' 107 .22.4 0.945.

_
1651-1952 .3.9 593 000 117 ! 25.8-r- 2 500 OCO 134 . 1.50 0.058 37 293 000 116 24.3 0,942
1932-1953 24. 400 000 72 - 15,9 920 000 54 0.60 ! 0.038 23 480 000 73 15.3 0.962
1953-1954 24 861 OGO 73 16,2 920 000 54 1 0,60 ; 0.037 23 941 000 74 15.6 0.963
1954-.1955 32 687 000 97 21.3 1 140 COO 67 : 04,74 0.034 31 547 000 98 20.6 ' 0.966

5 YEARS AVERAGE 31 582 000 93 20.6 1 455 000 85 0.95 0.045 30 127 000 94 19,7 0.955
15 YEARS AVERAGE aa843o 100 22.1 1 712 000 1 10G 1.12 ' 0.050 32 131 000 100 ; 21.0 0,950

1955-1956

195'6-1957. _ ....._

_ .... .. 1957-1958

47 419 000
42 600 (.:00
59 593 000

140 50.9
126 27.8
117 '25.8.

3 670 000
2 710 000 !

2 230 000 !

214
158
130

2,39 0.077
1,77 0,064

; 1.45 i 0.055

43 749 000 136 .

,

i

28.5 0.923
26.0 , 0.936

i
24,4 ¡ 0.945._

39 890 000 124
37 365 000 116

...... -.......1958-1959 31 460 COO 93 20.5 1 750 000 102 - 1.14 0.055 29 no 000 92 ! ',19.4 0,94-5
1939-1960 .

1

. 1

5 YEARS AVERAGE i
'

MAXIMUM 47 419 000 ' 140 30.9 3 670 000 ' 214 2.39 0,077 43 749 COO 136 1
28.5 1 0.923

MINIMUM 24 400 000 ! 72 15.9 929 000 ! 54 0,60 0.038 23 480 000 73 1 15.3 0,962
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T1-2.12 -rT

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Great Ruaha STATION .x:ikera. No. 1KA5 CATCHMENT AREA .26254_ SQ MILES

HYDROLOGICAL

1/11-3//10
I

-RAINFALL .RUN-OFF LOSS OF WATER

ACRE FEET ',',or
mEAN

, INCHES %orACRE FEET
MEAN

.

. : RuN oFF
INCHES

'COEFFICIENT
%0F

ACRE FEET
MEAN ,

INCHES
LOSS

COEFFICIENT

1940-1941
1 33 605 000: 112 24.0 2 099 000 107 : 1.50 0,063 .51 506 000_ 111 22,,50 0,937

1941-1942
1 35 285 000 118 2,5,2 2 239 000 13:5 1.60 0.063 3.3._.04.6 000 U7.. .23..6.0. 0..957 .... ......

1942-1943 25 824 000 .6 H. 18.3 1 119 000 68 '
ir

0.80 , 0.044- 24 505 000 87 17.50 0.956.
1943-1944 26 604 GOO,. 89 ; 19.0 1 259 00e L...........76 .L 0,90 . 0,047 95 3,1-5 000' 90 Lia.io i_ 0.953
1944-1945 31 085 000 104 22.2 1 812 000 110 , 1.30 : 0.059 29 266 000 105 20.90 0.941

5 YEARS AVERAGE 30 441 000 i 102 21.8 1.707 000 105 1.22 ! 0.056 I 28 734 000' 102 20.58 0.94-4
1945-1946.. 29 401 000' 98 i - 21.0 1 5159 CC 93O

i . 1.10 0.052 27 865 000 99 , 19,90 0.948
1946-1947 42 006 000: 11.-Q 30,0 3 218 000 j 194 2,30 0.077 38 788 000! 137 I 2770 0 923
1947-1948 -

1948-1949

31 645 000,
21 003 OCO

106

70

' 22.6.i.0 1 819 000 l' 110

700 0.00 .42

: 1.o j

0.50
O.Q56

0.053
29 826
SO 303

000 I 105

0001 72

21,30
' 11.50

0..942

0..W.7
1949-1950 29 544 000: 99 21.1 1 539 000 "93 1.10j 0,052 28 006 000. 99 20 00 0.948

5 YEARS AVERAGE 30 720 000 105 - --. n22.7.) " 7e3 000 i 107 1,26 ; 0,057 28 957 000 102 20.74 t 0.943
1950-1951 34 305 000 115 ] 24.5 2 099 :._00 1 127 1.50 I 0.061 32 26 000' 114 23,W 0,939
1651-1952 38 000 129 i 27.6 ! -02 799 °COI lb, , 2,00 !

i 0,072 .35 847 .000 i 127 25..60 0.928
1952-1953 20 4450000. 68 ../4.6..... 700 000 ! 42 Q. -.0 ;.. Q... Q.4... 19 743 000_ 70 14_10 0..966
1953-1954 21 283 0000 71 15.2 SAO 000 i 51 i 0.60 ! 0.039 20 443 00Q0 72 14,60 0.961
1954 -1933 28.425 000 95 20.3 1 030,000 I 62 0.74 0.036 27 393 000 97 19.56 1 0.964

5 YEARS AVERAGE 28 620 000 96 20.5 1 494 CCO I _. _ 0 1,07 0,052 27 126 000 96 19.43 0.948
15 YEARS AVERAGE 29 927 000 100 21,4 1.655 000 I 100 1.18 ! 0.055- 28 272 000 100 20.22 0.945

1953 -1936 43 267.000 145 30.9 3 '-; \.-)00 i 205 1 2.42 0.078 39 877 000. 141 28,48 0.922
1936-J957 37 806 000 126 07,0 2 650 000 I 160 1,89 0,070 35 156 000 124 . 25,11 0.930
1957-1958

195R-1959

1959-1960

31 785 000
28 273 000

106
94-

22,7
20.2

2 090 000], 126
J. 800 0001 109

i

1.49 ,

1.29
0,066
0.064

29 695
26 473

000 105
000 94

j: 21.21._
I 18.91

0.934
0.936

5 YEARS AVERAGE '

MAXIMUM 43 267 000 I 145_ I 30.9 3 390 000, 20-5 I 2.12 I 0.078 39 877 000 141 I 28.48 I 0.922
MINIMUM 20 443 000 ' 68 ! 14.6 70Q 000 42 1 0.50 1 0.034 19 743 000 70 ! 11.10 , 0.966



RIVER ........ Great_Nnaha
(Chimala)

HYDROLOGICAL
YEAR

1/11-31/10

1940 -1941

1941-1942

1942-1943

1943-1944

1944-1945

5 YEARS AVERAGE

1945-1946

1946-1947

1947-1948

1948-1949

1950-1951

1651-1952

1932-1953

1953-1954

1954-1955

5 YEARS AVERAGE

15 YEARS AVERAGE

1955-1956

1936-1957

1957-1958

1958-1-959

MINIMUM

ACRE FEET

782 000 112 44,7

880 000 126 50,5

631 000 90 36.3

674 000 96 38.6

844 000 121-

765 000 109

847 000 121

757 000 1 105

680 000 97

423 000 60
1949-1950 629 000 90

5 YEARS AVERAGE 665 000

790 000 115

745 000

475 000

659 000

710 000

675 000

700 000

1 050 000

944000
858 000

738 000

RAINFALL

%OF
MEAN

101

NOTE: The last year does not follow the gene
MAXIMUM 1 i050 000 150

INCHES

48.5

436
48.4

42.2

38.9

24.2
36.0

95 37.9

45.2

106 426
68 I. 27.1

94 37.7

40.6

96 38.6

100 40.0

150 60.0

125 49.1

105 42.2

ACRE FEET

224 000

238 000

324 482

440 871

ine_ CATCHMENT AREA 328 SQ. MILES

RUN-OFF

%OF
MEAN

94

100

416 000 175

155 54.0 567 675 154

136

185

423000 ! 60 24.2 1

440 871 185

112 000

60.0

47

INCHES

128
13.6

23.8

RUN OFF
COEFFICIENT

0.33

0,40

21.0 0.59

18.5 0.5a

25.2 ' 0.58

%OF
ACRE FEET

MEAN

LOSS OF WATER

INCHES
LOSS

COEFFICIENT

504 000 109 28.8 0.64

550 000 119 51.4 0062 .

453 000 94 24.8 0.68

452 000 98 25.9

533 000 115 30.5

495 000 107 28.5

551 000 116 30,5

482 000 104 27.6

456 000 99 4. 26.1

511000 6.7.. .. . . .

450 000 95 24.6

442 000 96 25.5

0.67

0.65

0.65

0.63

0.65

0.67

0.74_ .

0.68

0.67

509 000 110 29.1 0.64

486 000 105 27.8 0.65

512 000 74 19.6 0.72

446 000 ¡ 97 25.5 0.68

475 265 102 27.1 0.67

451 000 98 25.8 0.67

0,34 462 000 100 26.4 0.66

635 992 157 36,2

125 55.0

555 518 115 50.6

297 129 64 17.0

576 527

0.60

0.61

0.62

0.42

al correspondence, which is probably due to higher rainfall than computed here.

- i 633 992 F 157 56.2 0.60

6.4 0.26 31 000 67 17.8 '0.74

278 000 117 15.9 0,36

330 000 139 189 0.58

2a000 84 11.5 0.52

222 000 93 12,7 0.35

511 000 131 17.8 0.37

268 000 113 15,1_ 0.35

315000 152 17.9 0.37

255000 107 11.6 0,35

224000 94 12.8 0.35

112 000 47 6.4 0.26
199 COO 84 11.4 0.32

221 cco 93 12.6 0.33

281 000 118 16.1 0.56

259000 109 14.8 0.

131 000 55 7.5 0.29

213 000 89 12.2 0.32

236 737 99 13.5 0,35

TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

1959 -1960

5 YEARS AVERAGE



RAINFALL, RUN-OFF AND LOSS OF WATER

RiVERiÇiinani. STATION Great North Road

T-23:2, XI
RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

OBSERVED AND SYNTHETIC YEARLY VALUES.

No. li:A9 _CATCHMENT AREA 1.73 - SQ. MILES

HYDROLOGI-CAL
YEAR

1/11- 31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET
I °k)F
! '
! MEAN

INCHES ACRE FEET

-

%OFi

MEAN
INCHES

i

I
RUN OFF

COEFFI CIENT
%OF LOSS

iACRE FEET
,

INCHES
; MEAN COEFFICIEN r

1940-1941 327 000 L 107 55.5 142 000 106 ..13.4 0,43 185 MO H 107 20.1 0.57
1941-1942 370 000 1 120 10.1 161 000 120 17.5 0.44 209 000 121 22,6 0,56
1942-1943 283 000 .92 30.7r 123 000 92 13.5 0.43 160 000 92 17,4 0.57
1943-1944 357 000 I 110 36,5 148 000 110 16,0 0.44 169 000 109 ; 20.5 0.56 .

1944-1945 442 000 144 47.9 192 GOO 143 20.8 : 0.43 250 OCO ILL_ jraini_aaky_
5 YEARS AVERAGE 352 000 j 115 38.1 153 000 114 16.8 0.44 199 000 115 21.5 0.56

0194500-1946 315 000 112 37.4 150 000 112 16,3 i 0. 44 195 000 113 21..1 0.56_ ._.

1946-1947

1947-1948

309 000
263 000

, 101

86

53,5
28,5

135 COO

113 000
101
84

14,6 j 0,44
12,5 j 0.43

174 000_ 1 .101. 16.9
150 000 67 16.2

0.56
0.57

1948-1949 194 000 ] 65 21.0 84 000 63
J.

9,1 1 0.43 110 000 64 11.9 0,57
. 1949-1950 336 000 : 109 ! 56.4 147 000 110 ! 15.9 1 0.41 189 000 ! 109 : 20.5 T 0.56

5 YEARS AVERAGE 289 000 94 31.3 126 000 94 13,6 0,45 163 000 94 17.7 0.57
1950-1931 307 000 100 33.3 137 000 102 _14 .5 I 0.41 170 000 98 18,8 0.56
1651-1952 247 000 80 26.8 107 000 80 11.6 0.43 140 000 8115.? 0.57
1952-1953 203 000 66 22.0 89 000 66 i.. 9,6 0.41 114 COO 66 12,4 0,56
1953-1954 281 000 I 92 4 30.5 123 000 92 13.5. 0.44 158 000 .91. 17,2 . __. ......0,56
1954-1955 368 OW i 120 59.9 162 509 121 ! 17.6 0.41 205 691 119 22,3 0.56

5 YEARS AVERAGE 281 000 9130.5 124 000 92 13.4 0.44 157 000 91 17.1 0.56
15 YEARS AVERAGE 307 000 100 33,3 134 000 100 14.5 0.44 173 000 100 18.8 0.56

1955-1956 586 000 191 63.6 257 155 19? 27.9 ! 0.44 328 847 190_0 35.7 0.56..

1956-1037 472 000 141 46.8 187 187 140 20.3 j 0.43 244 813 142 ' 26.5 0.57_
1937-19M 356.000 116 38.6 154 612 115 16.6. - 0.44 .201 588 ! 116 ! 21.8 ... 0.56..... _

1958-1959 337 000 110 36.5 164 311 123 1 17,8 0.49 172 689 100 ' 18.7 0.51
1959-1960

4

5 YEARS AVERAGE .

MAXIMUM 586 000 , 191 63.8 257 153 192 1 27.9 0.41 328 847 190 35.7 : 0.56
MINIMUM 194 GOO I 65 21.0 84 000 63 1 9.1 0.43 110 COO 64 I 11.9 0.57

I



tn.= XI
RUFIJI BASIN SURVEY-HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER

j

L

HYDROLOGICAL
YEAR

1/11-31/10 ACRE FEET %0F
INCHES

MEAN
ACRE FEET

%,OF

MEAN

1940 -1941 1 240 000 115 57.6 409 000 115
1941-1942 1 141 000 101 4 34.6 370 000 1.04
1942-1943 1 080 000 98 32,7 43 000 96
1943-1994 1 013 000 92 30.7 317 000 89
1944-1945 1 570 000 143 47.6 574 000 161

5 YEARS AVERAGE 1 209 000 110 i 36.6 403 000 115
1945-1946 1 243 000 113 37,7 412 000 115
1946-1947 1 140 000 104 34.6 370 000 104
1947-1948 1 114 000 101 33.8 356 000 100
1948-1949 748 000 68 2?,7 224000. 63
1949-1950 1 118 000 102 35,9 360 000 101

5 YEARS AVERAGE 1 072 000 9'7 32.5 514- 000 96
1950-1951 1 119 000 102 35.9 360 000 101
1651-1952 1 240 000 115 t 57.6 409 000 115
1932-1953 680 000 62 20,6 201 000 56
1933-1954 1 003 000 91 50.4 313 000 88
1954 !955 067 000 97 32.3 357 999 95

5 YEARS AVERAGE 000 1 93 31.0 324 000 91

15 YEARS AVERAGE 1 101 OW 3.00 33.4 357 000 100
1953-1956 1..408..000 129 4-2.7 494 340 138
1956-1957 1 308 000 119 1 39.6 4.1.0 650 115
1937-1958 1 036 000 94 51.4 332 506 95

1958-1959 1 099 000 100 33,3 332 352 93
1959 - 1960

5 YEARS AVERAGE

MAXIMUM 1 570 000 143 1 47.6 574 000 161
MINIMUM 680 000 1 62 1 20.6 20L000 56

INCHES
RUN OFF

COEFFICIENT
ACRE FEET ;

%or
INCHES

MEAN
LOSS,

COEFFIC IEN T

12.4 0,35 831 000 ' 112 25.2 0.67
1

11.2 0,32 771 000 4 104 23,1
10.4 0.52 737 000 I 9.9 22,5 0.68
9.6

t
0.31 696 000 93 21.1 0.69

17.4 0.37 996 000 1 134 30. 0.63
12.2 0.33 806 000 108 24.4 0.67
12,5 0.33 651 ODO i 112 ' 25.2 0.6.7
11,2 0,32 770_0QQ. 103 25..4 Qt68
10.8 0.52 758 000 102 250 0.68
6,8 0,30 524 0 0,70

10,9 . 0.32 758 000 102 23.0 068
10.4 0.32 728 000 98 22.1 068
10.9 0.32 759 WO L.Qa. 23..0 0.68
12.4 0,33 831 000J112 .25.2 0.67
64 0.30 49 000 64 14. 0,70
9,5

4
0.31 690 000 ....L. 93 20..9 0.69

10,2 1 0.32 729 001 98 22.1 0.68
9.8 0.32 68000 94 i 21.2

I

0,68
10.8 0.32 744 000 1 100 22.6 0,68
15.0 0.35 913 660 123 27.7 0.65
12.4 0.31 897 3'70 121 27.2
10.1 0.32 70.4495 21.3 0.68
10.1 0,30 766 648 E 103 23.2 04,70

17.4 0.37 996 000 134 30.2 0.63
6.1 _2.30 L79 000 64 14.5 0.70

OBSERVED AND SYNTHETIC YEARLY VALUES.

RR/ER Ebarali . ,STATION Itaba. No. nail CATCHMENT AREA 619 sa MILES

RAINFALL RUN-OFF LOSS OF WATER



HYDROLOGICAL
YEAR

1/11-31/10

1940-1941 585 000

ACRE FEET

1941-1942 644 000 t 130 40.0
1942-1943

1943-1944

1944-1945

5 YEARS AVERAGE

1945-1946

1946-1947

1947-1948

1948-1949

1949-1950

5 YEARS AVERAGE

1956-1957

1957-1958

1958-1959

1959 -1960

5 YEARS AVERAGE

MAXIMUM
MINIMUM

435 000 88 2'7,0
416 000
693 000
555 000

495 000
464 000
467 000
336 000

465 000
1950-1931 538 000
1651-1932 503 000
1952-1953 277 000
1933-1954 484 000
1954-1955 466. 000

5 YEARS AVERAGE LAa_gEL
15 YEARS AVERAGE 495 000

1955-1956 614 000

693 000
277 000

RAINFALL

%OF
MEAN

118 55.8

84 25.8
140 43,0
112

100
94

94

68
561 000 113

94

1 :1

9

INCHES

54.4
30.7
28.8
29.0
20,9
34.8

28.8
109 33,4

34,9

56 17.2
98 30.0
94 28.9

28.9
100 30.7
124 38,1

587_000 119
522 000 106 32.4
485 000 98 30.1

140 I43.0
56 17.2

LOSS OF WATER

RUN OFF
COEFFICIENT

0.17

0.19
0.14
0.15
0.20
0.17
0,15
0.14
0.14
0.11
0.16

0.14-
0.16
0,,13

0.10... ......

0.15
0.14
0.15
0,15

ACRE FEET

0.20 1 556 000
0.10 247 000

o'

MEAN

461 000 110

425 000 , 101
398 000 95

401 000

419 000 100

133

INCHES LOSS
COEFFICIENT

488 000 116 29.8 0,83
523 000 125 32,5

0.81575000 89 25es 0.86
363 000 87 22,5 , 0.85
556 000 133 34.5 0.80

28.6
2602

24,7
96 24.9

399 000 95 24.7
450 020 108 29.1
171 000 155 29,2
247 000 52 I 15.4
415 000 99 25.6
400 000 95 - 24.8

26.0

0.83
0.85
0.86
0.86

301 000 72 18,7 0,89
469 000 112 29.1 - 0.84

0.86
0.84
0,84
0 90
0.85
0,86

397 000 95 24,6 0.85 .

0.85
0.18 504 588 . 120 31.5 0.82
0,11 525 426 125 32,6 0.69
0,18 428 582 102 26.6 0,82
0,14 118 127 ' 100 ¡ 25.9

34.5 0.80
59 I 15.4 0.90

RUN-OFF

ACRE FEET %OF
MEAN

INCHES

97 000 128 6.0
121 000 159 7.5

60 000 79 3.7
55 000 70 3,5

157 COO 180 8.5
94 000 123 5.8
72 000 95 4,5
66 000 87 4.1
66 000 87 4.1
35 000 46 2.2
92 000 121 5.7
66 000 87 4,1
85 OQC 112 5.3
92 COO 121 5. 7

30 000 39

71 000 :93 4.4
66 000 87 4.1
69 000 90 4.3
6 000 100 4.7

109 412 144 - 6,8
63 574 84 5,9
93 418 123 5.8
66 875 89 4.2

137 000 I 180 8.5
304J00 39 1.8
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Ealal.STATION Iyazi. DZS No. 1KAl2 CATCHMENT AREA 302 SQ. MILES



RR/ER Ndembera

HYDROLOGICAL
YEAR

1/11-31/10

1940-1941

1941-1942

1942-1943

1943-1944

1944-1945

5 YEARS AVERAGE

1945-1946

1946-1947

1947-1948

1948-1949

1949-1950

5 YEARS AVERAGE

1950-1951

1651-1952

1952-1953

1953-1954

1954-1955

5 YEARS AVERAGE

15 YEARS AVERAGE

1955-1956

1956-1957

1957-1958

1958-1959

1959 -1960

MAXIMUM
MINIMUM

ACRE FEET

646 000
764 000 106
689 000 96

650 000
1 016 000

753 000

5 YEARS AVERAGE

610 000
850 000 118
758 000 105
409 000 57
730 000
671 000
859 000
769 000

t
107

476 000 66

636 000 88
94 000
738 000

RAINFALL

102

721 000 100
905 000 126

STATION hongo No._ 1KA.15 _CATCHMENT AREA J_ 4.9.4 SQ. MILES

%OF
MEAN

90 30.0

90

104

101

93

119

131

[1
016 0001 141

409 000 157

INCHES

35..5
32.0
30.2
47,2
35.0

85 28.3
39.5

2

19.0
33,9
3142

39.9
35,7
22.1

29.5
440
34.3
33.5
42.0

913 000 127 42.4
057 000 91 50.5
664 000 120 40,1

47.2
19,0

ACRE FEET

73 000
101 000
82 000
73 000

174 000
101 000
67 000

123 000
101 000
57 000
93 000
-84 000

125 000
101 000
45 000

71 COO

99 000
95 000

155 053
142 109

74. 550_
87 870

%OF
MEAN

39
98

174 000 183

- 37 000 -; 59

RUN-OFF

INCHES

77
i

3,1
NO 1 4.7

86 I 3,8
77 0,11

- 183
j

8,1 0.17
106

t
4.7 0,13

129 i5.7
106 t 4,7

1,7
4.3

88
9

132 5.8
106 j 4.7
47 I 2.1
75 5.5 0.11

016
104 i 4.6 0.13

151 000- 159 7 0

RUN OFF
COEFFICIENT

0.11
0.13
0.12

8.1
1.7

0.17
o_ 09

ACRE FEET

842 000

W-79. Onn

LOSS OF WATER

%OF
MEAN

102

INCHES
LOSS

COEFFICIENT

575 000 92 26.6 0.80
665 000 , 106 30.8 pea7
607 000 i 97 28,2 0,88
577 000 92 26,8 0,89
842 000 155 39.1 0.83
652 000 104 30.3 0.87

0.11 543 000 87 2520.89
0.11 727 00GL ; 116 53.8 0.86
0,15 657 000 105 30,5 0.87
0.09 572 000 ...._ _59 ; __17.5 0.91_

0.13- 6
t

57 000 102 1 29.6 0.87
0.1, 587 000 94 27.5 ; 0.87__
0015 734 000 117 34.1 0.85_ .

0.15 608 000 107 5140 0,87
0.10 431 000 69 20,0 0.90

565 000 9
797 000

0_ 26.2
12

639 000
70

29.7

0.89
0 8
0.87

3921___E.
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.
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TABLE XI

RUFIJI BASIN SURVEY- HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER 145,..ttle Ruaha STATION Tosamaganga No. 11.a20 .CATCHMENT ÁREA 1273 SQ. MILES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET %OF
MEAN

INCHES ACRE FEET % OF
MEAN

INCFIES
' RUN OF F
COEFFI CIENT

%0FEACR FEET .

MEAN INCHES

I

LOSS
COEFFICiaNT

1940-1941 2 325 000 101 34.6 4 000 99 6,4 0,19 1 891 000 . 103. 27.9 (:.01
1941-1942 2 830 000 123 41,7 617 000 141 9.1 0.22 2 215 000 119 52,6 0,78
1942-1943 2 312 000 100 34,1 454 000 99 6.4 0.19 J. 878 000 101 27...7 0,81
1943-1944 2 032 000 88 no,,. 346 000 4 79 5.1 0.17 1 686 000 GO . 24.8 0,83.
944-4945 3 242 000 141 47,8 794 000 1 181 11.7 1 0.24 2 448 000 131 '6.1 0.75

5 YEARS AVERAGE 2 548 000 111 37.6 525 000 120 '77 0,20 2 023 000 108 29 0 0 80
1945-1946 2....041 000 89 . 30.,1 353 000 80 5.2 03.7 3. 688 000 91 24..9 0,83
1946-1947 2 642..000 115 38.9 543 000 124 F.0 0.21 2 099 00.0. 115 30.9 0a79
1947-1948 2 450 000 108 35.6 468 000 107 t 6,9 0,19 1 962 000 , 105 28.9 0.81
1948-1949

1949-1950

1 664 000 . 72 i 24.5
; 80 i 27 0

237 000 54,

285 000 65
5fi5
a 9--,

0.14
o 16

1 427 000 .. _,.76'
5/!: 000 81"

. .21..0,
22 :

0.66
0 :,

5 YEARS AVERAGE 2 122 000 92 31.3 577 COO 86 5.6 0.18 1 745 000 94 257 0,82
1950-1951 2 6.54 000 102 34.7 «1000 100 _6.5 0,19 1 913 000 103 28,2 0,81
1651-1952 2 741 000 119 ! 4-0,../; OCO :Ln.8).4 1 8.6 0,21 2 157 000 116 ata .Q.79

i

1952-1953 1 883..000 82 1 27.7 305 000 69 4,3 0.16 1 578 000 85 25.2 0.84
11)33-1954 2 100 000 91 i 31.0 366 000 83 5.4 0.17 1 734 COO 95 25.6 0.85
9Ç4.4'.)55 2 117 000 92 51.2 373 000 85 5.5 0.18

-A-
1 744 COO 94 25.7 0.82

5 YEE.11R5 AVERAGE Q2259 000 97 I 33,0 414 000 94 6.1 0.18 1 825 000 98 26.9 0,82
15 YEARS AVERAGE 2 3Q3 000 100 53.9 439 000 100 6.5 0.19 1 864 000 100 i 27.4 0.81

1953-1956 2 655 Q00 115 39.1 561 583 128 8.3 0.21 2 093 417 112 30.8 p.79
1956 -; 957 2 900 000 126 49.7 570 265Q 8.4 0,20 2 599 765 125 34.3 0.80

1--
1957-1958 2 298 000 100 33.9 475 737 108 ' 7,0 0,21 1 822 263 98 : 28 9 ....0, .......

1958-1959 2 206 000 , 96 32.5 568 430 L 84 54 0,17 1 837 570 99 i 27.1Q83
1959-1960 !

5 YEARS AVERAGE

tv1AXIMUM 3 242 000 14j J 470 794 O 181 I 11.7 0.24 2 448 COO i._ 131 ! 56.1 i 0,76 si
MINIMUIVI 1 664 000 72 ' 24.5 237 000 54 I 3.5 i 0.14 1 427 000 I 76 : 21.0 : 0.86



RIVER Littae_ Ruaha STATION

HYDROLOGICAL
YEAR

1/11 -31/10

1940-1941

1941-1942 2 200 000

1942-1943
. Bel 000 L. . 100 56.5

1943-1944 1 607 000
1944-1945 2 Q91 000 1

1950-1951

1651-1952

1952-1953

1955- 1956

1956-1957

1957-1958

1958-1959

1959 -1960

5 YEARS AVERAGE

MAXIMUM
MINIMUM

RAINFALL, RUN-

ACRE FEET

1 900 000 r 102 37.2

2 052 000 i 110 40.2

1 581 . 85 51.0
1

2_217 000 ! 119 - ! 43.5

2 055 000 ! 109 1 39.9

2 546 000 72 ; 26,4

1 500 000 81 29.4

93 34.0

775 000 ! 95 1 34.8

2 038 000 : 110 40.0

. 575 000 E,.85 40.9

1.108 000. 92 53.5

1 735 000

RAINFALL

%OF
MEAN

RUFIJI BASIN

INCHES

118 43.1

86 , 51,5

145 52.8

1953-1954

1954-1955 100 360
5 YEARS AVERAGE 1 793 000 96 35.1

15 YEARS AVERAGE 1 860 030 100 36.5

. 2 091 .000. 112 41,0

2 385 000 128 46.8

1 866 000 100 36.6

1 755 000 1 91 54.1

269]. 000

1 346 000

145 52.8

72 t 26.4

ACRE FEET

398 000

116

TABLE XI

SURVEY - HYDROLOGICAL SECTION.

OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES

No. 1KA21 _CATCHMENT AREA 957 SQ. MILES

RUN-OFF

%0F
MEAN

101

750 000 ! 190

214 000_1 51

INCHES
; RUN OFF
!COEFFIcIENT

7.8 0.21

520 000 152 10.2 0.21

383 000 97i 7.5 , 0.21

296 000 75 5.8 0.18

750 000 190 14.7 0.28

469 000 119 H9a........2,.5_._.__.1...585000 . 108 ,__ali.9
286 000 73

!

L 5.6 0.18 1 295 000 88 : 25.4

530 000 155 10,4 1 0,24 1 687 000 115 1 .33.1

454 000 115 8,9 0.22
214 000 [ 54 4,2 0.16_
265 000 67 5.2 0.18

J174 000 120 , 9.5 0,25

478 192 j 121 9,4 04P
459 649 112 8,6 0,25
554 589 L 85 6,6 0,19

14.7 0.28 1 941 000

4.2 I 0.16 1 132 000

LOSS OF WATER

%OFACRE FEET INCHES
MEAN

1 502 GOO 102 29.4

1 680 000 115 32.9

1 178 000 101 , 290_
1 511 030 89. 25.7

1 941 000 t 132 58 1

1 579 000 108 51.0

1 142 000 77 22.2
1 235 000 8J L 24.2

LoSS
COEFFICIENT

0,79

0.76

0.79

0.82
0.72

0.77

0.82

0.76

0.78

0.81
0.82

0.80

97 ! 27.8 0.80_

108........-... 31.1 0.78

88 25.5 0,82

lß17 000 210 51.7 0.77

1 906 808 150 57,4 0,80

1 426 352 97 L 28.0 0.77.

1 418 411 . 97 1 27.8 0.81

132 38.1
4

0.72

77 22.2 ! 0&4

350 000 69 6.9 0.20 1 385 000 94 27.1

.357 000 , 91. 7.0 0.20 1 418 000

454 COO ! 115 8,9 ! 0.22 581 000

286 000 7$ 5.6 1 0.18 1 289 Qn0

552 000 81 6.5 0.19 1.576 000 94 ' 27.0 0.81
388 OCO 98 7.6 0,21 1 479 000 101 1 29 0 079
565 000 I 92 7.1 0.20 1 450 000 98 . 28.0 0.80

394 000 100 7.6_ 0.21 1 466 GOO 100 ' 28.9 0.79

5 YEARS AVERAGE

1945-1946

1946-1947

1947-1948

1948-1949

1949-1950

5 YEARS AVERAGE



RIVER utitu STATION.

M?7

TIBLE XI
RUFIJ1 BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES

No. in22 CATCHMENT AREA 172 SQ. MILES

HYDROLOGICAL
YEAR

1/1 1-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET %0F.
MEAN

INCHES ACRE FEET %OF
MEAN

INCHES
RUN OFF

COEFFICIENT
%OFACRE FEET

MEAN
1 I LOSS

INCHES
1 COEFFICIENT
I

1940-1941 361 000 99 39.4 '79 000 96 8,6 0,22 982 000 100 30.8 0.78
1941-1942 459 Q 4 126 5O1 123 COO j 150 J 13,4 0,27 356 000 119 36.7 0.73
1942-1943 590 000 107 42.5 91 000 ill 99 0,23 299 000 106 F 52.6 0.77
1943-1944 307 000 84 33,5 59 000 '72 6,4 0.19 248 000 86 27.1 0,81
944-1945 504 000 138 55.0 145 00C 174 15.6 0.28 561 000 128 9 4 1 0 72

5 YEARS AVERAGE 404 000
-1

111 L.-14.1 90 000 121 10.8 0,24 305 OCO 108 ! 33,5 0.76
1945-1946 541 000 , 95

1

37.2 72 000 88 L 78 0,21 269 000 95 29.4 0,79
1946-1947 409 000 112 446 I On 0Ort 122 10,9 0.24 309 000 109 33.7 0.76
1947-1948 422 000 116 46.0 105 000 128 i, tr,si.:., 0.25 317 000 112 54.5 0.75
1948-1949 307 000 84 33,5 59 000 72 1 6.4 j, 0.19 248 000 88 2741 0.81
1949-1950 290 000 79 51 6 53 000 65 5.8 0.18 237 000 84 2538 0.82

5 YEARS AVERAGE 000 O7 cr,g r
...k.SASI 78 000 9:2 0 22 276 000 98 30 1 0.78

1950-1951 350 000 98 38 .2 75 000 91 8.2 0, 21 275 000 97 30.0 I0.79
1651-1952 399 000 ...vp10e r Lq.y tio:- ceo 116 104 0,24 604 000 107 55.1 0, 76

1952-1953 308 WO 84 7,,Q, g%/Va.,' 59.000 -, 6.4 0.19 249 000 88 27.2 0.83.

1953-1954 290 000 79 , 51.6 53 COO
,

65 i 5.8
J

0.18 237 000 84 25.8 0.82
1954 1955 337 000 i 92 38.8 70 030 8 7.6 1 0.21 267 000 94 29.2 0.79

5 YEARS AVERAGE 337 000 1 92 36.8 70 000 85 7,6 i 0,21_.---1-----.:___ 26 000 94 29.2
t

0.79

15 YEARS AVERAGE 365 000 100 59.8 82 000 100 8.9 l0.22 283 000 100 30.9 0.78
19;5- 1956 419 000 7115 AR4 n 105 COO 128 t 11.4 0.25 314 000i 54,5 0.75
1956-1957 333 000 91 36,3 69 COO 84 7,5 1 0.21 264 000 93 28.8 0,79
1957-1958 308 000 84 33.6 95 2411 116 1

i
10,4- 1 0.31

r

212 756 '75 25.2 1 0,69

1953-1959 321 COO 88 35,0 75 767 90 890 1 0.23 247 233 87 27,0 0, 77
t

1959-1960 '

5 YEARS AVERAGE

NOTE: These computations are done by analogy with runoff at Thimbu and 'wawa as well as rith rainfall.
MAXIMUM I 504 000 138 55,0 1.441:3 000 1 174 15.6 0,28 361_29,2128 L_39a,...140a22_,_
MINIMUM I 290 000 79 31.6 53 000 65 5,8 0,18 ,....2aLaan___a_t_absa_____Q--! ,132___



RAINFALL, RUN-OFF AND LOSS OF WATER

RIVER STATION Iyayi

Inn xi
RUFIJI BASIN SURVEY -- HYDROLOGICAL SECTION.

OBSERVED AND SYNTHETIC YEARLY VALUES

No. 1riA23 CATCHMENT AREA 118 SQ. MILES

HYDROLOGICAL
Y

1111-EAR31/10

RAINFALL RUN-OFF LOSS OF WATER

,

r: OFACRE FEET INCHES
MEAN

ACRE FEET

.

,
!

teOF RUN OFF
INCHES

COEFFICIENTMEAN
i

ACRE FEET
%or

MEAN
[NcHES

LOSS
COEFFICIENT

1940-1941 215 000 111. i 4.2 35 GOO 121 1 5,5 1. 0.16 ....leD 000 _ 116 26,7 _ .. 0.61

1941-1942 250 000 152 4 59.7 _ 47 000 162 ! 7.4 I 0,19 203 000 : 127 32.5 0.81

1942-1943 167 000
j

eS . 26,6 23 000 79 . 3.6 !
0.14 144 000 ' 90 23.0 0.86

1943-1944 L55....000 I S2 24,6 20 000 4 69 i 42 0.13 155 000 ,
84 21.4 0.87

1944-1945 272 000 1/4 43.2 51 000 186 T 8.6 0.20 218 000 ' 136 34.6 0 80

5 YEARS AVERAGE 212 000 j 112 33.7 36 000 124 ,. 5.7 ! 0.17 176 000 ' 110 28.0 0.85

1945-1946 162 000 96 j. 28.9 26 000 90 ' 4.1
1

0.11 156 000 97 21.8 otw
1946-1947

1947-1948

1948-1949

1949-1950

145 000 77 23.0

165 000 ,

97
i 29,1

132_000 , _70

220 000 116 ' 35.0

16 000

26 000

14 000
36 000

55 I 2.6 0.11

90 : 4.1 0.14

48 2.2 0.10
124 5.7 0.16

129 000

j57000

118 000
184 000

81

98

74
; 115

20.4

25.0

_18,e
29.3

0.89

0.86

0.90
0.84

5 YEARS AVERAGE 172 000 91 E 27.3 24 000 85 3.8 0.14 148 000 93 25.5 0.86

1950-1951 205 000 j 108 : 32.6 38 000 131 5.0 I 0.15 167 000 ' 104 27.6 0.85

1651-1952 225 000 119 65,8 31 000 107 6.0 0.17 194 000 121 29.8 0.83

1952-1953 107 000 57 17.0 11 000 38 : 1.8 ; 0.11 96 000 23 15.2 0.89

1953-1954 188 000 99 29.9 28 Q()097 4.4 I 0.15

'

160 000 100 25.5 0.85

1954 -1955 192 000 102 30.5 28 000 96 4.5 0.15 164 000 102 26.0 0.85

5 YEARS AVERAGE 183 000 ' 97 29.1 27 000 93 1.3
i

0.15 156 000 97 24.8 0.85

15 YEARS AVERAGE 189 000 100 30.1 29 000 100 4.6 0.15 160 000 100 25.5 0.85

1955-1956 236 000 125 37.5 40 COO 138 H 6.4 0.17 196 000 123 31.1
-

0.85

1936-1957 217 000 115 54.5 12 750 41 ' 2.0 j 0.06 204 270 128 32.5 0.94

1957-1958 194 000 . 103 60.8 35 115 121 1
5.6 I 0.18 158 885 99 25.2 0.82

__ 1958-1959 18Q. 000 ! 95 28.6 18 539 4 65 2,9 0,10 161 661 101 25.7 0.90

1959-1960
,

5 YEARS AVERAGE I

NOTE: The same rninfall runoff relation curve as for Iyayi D/S is aoDlied in these calculations.

MAXIMUM I 272C00 144 45.2 54 000 186 8.6 218 000 156 34.6 I 0.80

MINIMUM I 107 OCO
;

! 57 17.0 11 000 ' 38

1__ 0.20,0j

1 8 0.11 I 96 000

1

25 1 15.2 0.89

I



RIVER Great Ruaha STATION Kisilwa-14ganzipile No. 1ICA26 CATCHMENT AREA asan_

HYDROLOGICAL
YEAR

1/11-31/10

1940-1941

1941-1942

1942-1943

1943-1944

1944-1945

5 YEARS AVERAGE

1945-1946

1946-1947

1947-1948

1948-1949

1949-1950

5 YEARS AVERAGE

1950-1951

1651-1952

1952-1953

195$-1954

1954-1955

5 YEARS AVERAGE

1955-1956

1956 1057

1957-1958

1958-1959

MAXIMUM
MINIMUM

ACRE FEET

19 933 000
22 834 000
16 358 000
16 777 000

24 292 000 I

11 518 000

RAINFALL

%OF
MEAN

112

129

87
96

20 092 000 113
18 999 000 107

17 277 000 97

22 741 000 125

18 902 000 107
11 592 000 65
17 876 000 101

17 678 000 100

19 566 000 110

20 231 000 114

11 518 000
14 515 000
16 890 000
16 550 000 I 93

95

7

65

INCHES

27.0
30.9
20.8
22.7
27.2
25.7
23.4

50,8
25.$
16.7
24.2
24-.0

26.5
27.4

65 15.6
82 19.7

22.9
22,A-

15 YEARS AVERAGE j. 17 742 000 100 24,0
22.003 000 124 29.8
24 292 000 137 32.9
18_568 000..1._ .105.. ......._...25..2

14 830 000 84 20,1

52 9
15.6

ACRE FEET

1 771 000
1 919 000
1 254 000
1 528 000
1 625 000
1 579 000
1 476 000
1 919 000
1 623 000

959 000
1 476 000
1 4-91 000

2 361 000
2 159 000
1 770 000
1 528 000

959 0001

RUN-OFF LOSS OF WATER

%OF
MEAN

118 2.40 0.089
128 - 2.60 0,084
84 1.70 0,082
89 1 1.80 0.079

108 2..20
105

98

128
108

64
98

99

157.

115
102

2 159 000 I 144

64

INCHES
COEFFICIENT

2.10
2.00
2..60

2.20
1.30
2.00
2,00

RUN OFF

0.081
0.082
0.085

0.084
0.086
0.083
0.053
0.085

1 771 000 118 2.40_ 0.091
2 066 000 138 2.80 0,102

959 000 64 1.30 0.083
1 107 000 74 1.50 0.076
1 254 000 84 7.70 0.074
1 451 000 95 1.90 0.085
1 500 000 100 2.00 0.083

ACRE FEET

3.20 0.107 19 642 000

%0F
MEAN

SQ. MILES

INCHES
LOSS

COEFFICIENT

18 162 000 112 24.60 0,911
20 915 000 129 ; 28L300.916
14 104 000 87 19..10 0.918
15 449 000 95 20,90 0.921
18 469 000 r 714 2&00 6.919
17 420 000 107 25.60 0 918
15 801 000 ; 97 21,40 0.915
2.Q&22 000 128 28.20 0.916
17 279 000 106 23.40 0.914
10 633 000_4 83 14.40j 0,917
16 400 000 101 22.20 0.917
16 187 000 100
17 795 000 j 110
18 165 000 112

22.00
24,10 0,909
24.60 0,898

10 559 000 65 14.30 0.917
13 438 000 83 18.20 0.924
15 636 000 96 21.20 0,926
15 119 000 93 20.50 0.915
16 242 OW 100 22.00 0.917

121 26.60 0,895

0,917

144 2.91 0.088 j22 133 000 136 29.99Q.912
2-39 0.095 116..798 000 105 t 22.81 . 0.905
2,06 0.102 j13 302 000 82 18,01 I 0.898

2,91

1.30
0.088

0.083

22 133 000

10 559 000

156 29.99 0.912

P5 14-130 Qq17,
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TABLE x1

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

1959 -1960

5 YEARS AVERAGE



TABLE XI
RUFIJI BASIN SURVEY- HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Great uaM STATION triconule (Hausmann's No 11:11-27 CATCHMENT AREA 7700 _ SQ. MILES
Bridge)

HYDROLOGICAL
YEAR

1111-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET
,OF

MEAN
INCHES

coOF
INCHES

RUN OF F
ACRE FEET

MEAN i COEFFICIENT
et;OF

FACRE EET
NMEA

INCHES
LOSS

CoEFFIC1ENT

/ 940-1941 I12 613 000 115
+

1.2 1 477 COO 110 5.6 0,115 11 556 COO, 115 , 27.6 0.885
1941-1942 lb 100 000 115 1

[

51.9 1 519 000 113 3.7
t

0.116 11 681 000 115 28.2 0.86C
1942-1943 9 755 COO 85 25,7 1 190 000 88 2.9 0.122 8 543 000 85 20.8 0,873
1943-1944 10 760 COO 95 26.2 1 272 000[ 95 6.1 0.118 9 488 000 95 25,1 0,.882
944.9451945 15 141 000 115 32.0 1 519 000 113 3.7 0.116 11 622 000 116 28.3 0 8481,

5 YEARS AVERAGE 1J 909 000 105 29.0 1 395 000 104 3.4 0.117 10 514 000 105 J 25.6 0.883
1943-1946 11 5:-,6 CCO 100 27.6 1 354 COO 101 3.a 0.120 9 982 000 99 24.3 0.860

,

1946-1947 13 800 000 122 65.8 1 560 COO 116 3.8 0.112 12 520 000 123 30.0 0.882
1947-1948 11 170 000 98 27.2 1 313 OCO 98 3.2 0.118 9 857 000 98 24.0 0.8E2
1948-1949

1949-1950

7 680 000 ,

11 170 MO
67
98

18.7
27,2

986 000 73 2.4 0.128
1 313 000 98 3.2 0.118

6 695 000 _67 16t3____ 0.872
9 857 000 98 ' 24.0 0.8E2

97 _ 505 300 97 3.2 0.119 9 742 000 97 25.7 0.881/
5 YEARS AVERAGE 11 047 OJO

19z0 -1951 15 225 000 11G 52,2 1 619 010 113 5.7 0.115 11 706 0001 117 28.5 0.8E5
1651-1952

1952 i953

15 059 000 4 115

7 967 000 -3
31.g
19,4

1 319 000 113 3.7 ' 0,116
1 n2,-:; (-J-- 73 2.5 0.129

11 540 000 115 , 28.1 0.284
6 941 000 69 16.9 Or_

1953-1954 10 020 000 1 88 ,-,/,-.4.4 1 251 000 91 3.0 0.123 8 789 000 88 21.4 0.877
¡954j935 11 716 000 103 28.5 1 535 000 104 5.4 0.119 10 321 000 105 25.1 0.881

5 YEARS AVERAGE 11 197 000 I

nq 27.5 1 308 3C0 99 3.5
1

0.1P1 9 859 000 98 24.0
1----

0.879
15 YEARS AVERAGE 11 585 000 100 27.7 1 046 0001 100 5.3 0.119 10 039 000 100 24.4 0.881

1955 - 1956 14 045 000 123 54.2 1 601 090 119 5.9 0.114 12 444 000 124 30.3 0.886
1956-1957 15 280 000 154 37.2 1 727 000 128 -- 4,2 0.113 13 553 000 135 53.0 0.887
1957-1958

1958-1959

10 590 000 91

9 570 000 81
25.5
23.3

.?75 000
1 141 000,

95 5.1 ; 0.123
85 2.8 0.120

9 115 000, 91

8 429 000 84
22.2 0.877
20.5 0.880

1959 - 1960

5 YEARS AVERAGE

MAXIMUM 15 280 000 1 134 1 37.2 1 727 000 128 4.2 0.113 15 555 000! 135 33.0 ' 0.887
MINIMUM 7 680 000 ! 67 1 18,7 985 000 73 2.4 0.128 6 695 000 67 16.5 0.872
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TABLE XI

RUFL.11 BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Little Rueila STATION Libyande No. 1,1a3.1.__ CATCHMENT AREA 2005..... MILES

RAINFALL RUN-OFF- LOSS OF WATER
HYDROLOGICAL

YEAR
1// 1-31/10 ACRE FEET

%OF
MEAN

INCHES ACRE FEET
%0F

MEAN
RUN OFF

INCHES
COEFFICIENT

' %OF 'ACRE FEET . : INCHES
MEAN ;

L

COEFFOSSICIENT

1940-1941 5 340 000 101 51.5 449 000 97 4.2 0.13 2 891 000 : 101 27.1 0.87
1941-1942 4_18O 000 125 58.9 665 000 143 6.2 0,16 3 497 000 122 321,7 Q1,84
1942-1943 3....500 000 105 52.6 502 000 108 4.7 0.14 2 998 000 105 L 28,1 0,86
1943-1944 3000.000.. 90.... 28.1 385 000 85 5.6 0.15 2 615 000 91 24..5 0187
1944-1945 4 590.:_000 138 42.9 802 000 172 7.5 0,17 3 788 000 153 35,4 0,85

5 YEARS AVERAGE 3 718-000 112 1 34.8 560 000 120 5.2 0.15 3 158 OCO 110 29.6 0.85
1945-1.946 2 989 000 90 28.0 385 000 83 3.6 0.13 2 604 000 . 91 2464 0.87 .

1946-1947 5 650 000 ' 116. . _ 56.0 588 000 128 5.5 0.15
i.

3 262 OCO ' 114 50.5 0.85
1947-1948

1948-1949
5 660 000 ,

2....190 000

110
_66

542
20.5

534 000
214 000

115 5.0 0.15
46 2,0 .0.10

5 126 000 1 109 29,2
1 976 000 1 69

È
18,5

0.85... . .. ..

0.90
1949-1950 .:11 $00 : ,. 1 289 000 62 2 7 0.11 2 291 000 80 21.4 0.89

YEARS AVERAGE.5 3 05 000 92 28.6 402 CCO Qrs 5.8 0.13 2 652 000 - 93 24.8 0.87
1950-1951

1651-1952

3 290 000.
5 900_000_

29
117

508
L . 36,5

IC2 000
5.98 000

97 . , 4a 0,14
129 5.6 0.15

2 841 000 99 : 26.6
5 302 000 116 50.9

0.86
_0.85

1952-1953__.
195'3-1954

2 620_000_
S. 090 000

79

95

24,5

28.9
299 oop
406 000

64., 2.8 0.11
87 3.8 0.15

2 321 000 81 ! 21.7
?684 000 94 . 5..

0.89
97

1954-1955 a_990 000 9$ 28.9 406 000 ' 87 3.8 0.15 2 684 000 94 25.1 , 6.87
5 YEARS AVERAGE 5 198 000 96 28.9 452 000 93 4.0 0.13 2 766 COO 97 25.9 0.87

15 YEARS AVERAGE 0 325 000 100 51.1 465 600 100 4.4. 0.14 2 858 000 100 26.7 0.86
1955-1956 3 760.000 . 113_ ........3.5.2..... . 577 000 124 5.4 0.15 3 183 000 111 29,8 0.83
1936-1957 4 1800W 125 38.9 590 424 127 5.5 0.14 3 732 576 132 . 35.4 0.86

1957-1958 5 112 000 94 29,1 487 743 105 4.6 0.162624257.92.24.5 0.84
1953-1.959 2,802 000 i 84 26,2 541 507 t- 73 3.2 0.12 2 460 493 86 23.0 ' 0.88
1959 - 1960 .

5 YEARS AVERAGE

MAXIMUM 4 590 000 1 158 , 42.9 802 000 172 7.5 0.17 3 788 000 133 35.4 0.83
MINIMUM 2 190 000 66 I 20,5 214 000j 46 2.0 0.10 1 976 000 69 18.5 1 0.90



RIVER Little Ruaha STATION Southerp,..Iii..gri. Q.lub No. 1KA 32_CATCHMENT AREA _291

HYDROLOGICAL
YEAR

1/11-31/10

1940--194!

1941-1942

1942-1943

1943-1944

1944-1945

5 YEARS'AVERAGE

1945-1946

1946-1947

1947-1948

1948-1949

1949-1950

5 YEARS AVERAGE

15 YEARS AVERAGE

MAXIMUM
MINIMUM

520 000 88
698 000 118
623 000 105
356 000 57
475 000 80
530 000
618 000
769 000
452 000
517 000
587 000
589 000

RAINFALL

INCHES

538 000 91 3/.4
767 000 129 49,1
577 000 1 97 r36.9
536 000 90 1 34.5
885 000 149 56.7
661 000 111 42.3

89 33.9
104 39.6
133. 50.5

73 27.7
87

AUN-OFF

ACRE FEET
MEAN

95 000 82
f

a61 0,18 413 000 . 9.3 28.5. .......
167 000 144 [ 10,7 0,22 600 000 126 ' 38.4 0.78

,

106 000 91 , 6.8 0.18 471 000 99 30.1 0.82
441 000 92 ; 28..2 Q.8295 000.. 82 , 6.1 0.18

209 000 180 13.4 rosa_..a342o
134 000 116 8 0.20 527000 110 3 7 o
91 000 78 5.8

144 000 124 9,2
120 000 103 7.7
52 000 45 3,3
80 000 69 5.1,

209 000 180
52 000 15

INCHES
RUN OFF

COEFFICIENT

0.17
0.21
0,19
0.15
9.117

97 000 84 6.2 0.18
119 000 105 7,6 0.19
191 000 165 , 12..2_ 0,24
70 000 60 4.5 0.16
91 000 78 5.8 0,18

5.5 0.15 _284 000

LOSS oF WATER

429 000 90 27,5_ 0,83
554 000 116 35.5 0.79
503 000 105 52.2 0.81
284 000 __. 60 18.2 Q.85
395 000 Si 25,41 O.R3
435 000 91 27.7
199 000 105 32.0
598 000_ , 38.3
3E2 000 76 23.2
426 000 8935.1 27.3 0,82

-109 000 94 7,0 0.1999 57.6 478 000 1_150 0
116 000 100 7,499 37 7 0.20 475 000 _......._29-3Qt-1._ 0-60

595 000 100 38,0 116.000 100 7.4 0.19 477 000 100 30.6 0.81
765 000 129 49,0 166 000 145 10.6 0.22 599 000 126 38.4 0.75
740 000 , 125 47.4 15e 000 136 , 10,1

T

0.21 552 000 122 37,5 ,709
606 000 102 56 . 6 156 020 117 8.7 023 466 980 98 L..29S9 _ 0477
580 000 98 37.1 87 222 75 5.6 , 0.15 492 778 103 31.5 0.85

4

SQ. MILES

LOSS
COEFFICIENT

082
0.81
0,76
0,81

60 18-2 O_R3

TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

1959 -1960

5 YEARS AVERAGE
Ota.ra

ACRE FEET %OF
MEAN ACRE FEET

MEAN
I NCHES

885 000 149
336 000

56.7
57 21.5

7613.4 0.24

33,3
44.7
39, 9
21 5
30.4

1950-1951

1651-1952

1952-1953

1953-1954

1954-1955

5 YEARS AVERAGE

1935-1956

1956-1957

1957-1958

1958-1959



1959-1959

1959 -1960

RAINFALL, RUN-

HYDROLOGICAL
YEAR

1/11-31/10

1940-1941

1941-1942

1942-1943

1943-1944

1944-1945

5 YEARS AVERAGE

1945-1946 1 063 000 93

1946-1947 1 350 000 118

1947-1948 1 184 000 104
1948-1949 705 000 62

1949-1950 1 146 000 100

5 YEARS AVERAGE J. 090 000 95

1950-1951 1 323 000 116

1651-1952

1952-1953

1953-1954

1954 -1955

5 YEARS AVERAGE

15 YEARS AVERAGE

1955-1956

1956-1957

1957-1958

5 YEARS AVERAGE

ACRE FEET

RA I NFALL

1 218 000 107

INCHES

28.2

55,8

51.4

18.7
30.4

28.9

55.1

147 000

260000.

ACRE FEET

128 000

.1.89 1.98

181 750

RUN-OFF

r)(30F

MEAN

165 446 112

INCHES

132 000 90 3.5 0.12

1 8 000 128 50 1 0 14

129 5.0

121.._..i 498

6.9 0.16

4.4 0.11

RUN OFF
COEFFICIENT

ACRE FEET

1 046 000

%OF
MEAN

LOSS OF WATER

INCHES

875 000 as 25.6

1 095.0.00_ If 11.0 29..0.

1 035 000 1 104 27,.4

936 000
1 94 24.8

/ 294 000 1 1n0

603 000 61 16.0

962 000 97 25.5

1 162 000 117

985 000 99

995 000 1C0

1 342 000 155

1 535 554 134

1 035 802 104

1 138 250 E 114

LOSS
COEFFICIENT

105 27.8 0 87

87 3.4 0.12 935 000 j 94 24.8 0.88

188 000 128 0,14 1 162 000 117 30.8 0486 _

151 000 103 4.0 0.13 .1 033 000 i 104 27.4 . 0.87..

- 72 000 49 1.9 0,10 633 000 j.., 64 16.8 0,90
143 000 97 3.8 0.13 1 CO3 000 I 101 26.6 0.87

136 000 93 3.6 0.12 951 000 96 25.3 0.88

185 000 126 0.14 1 138 000 1. 114. 30.2 0.86

158 000 107 4.2 1 0.13 1 060 000 107 28.1 0.87

64000 44 1.7 ' 0.10

0.87

0.87

0.84

0.89

58

¿25MAXIMUM I1 Am on
MINIMUM I 667 000

IRO ;
17 7

OFF AND LOSS OF WATER

260 000 79

64 000 44 1.7

016
0.10

2

603 000 61 16.0 0.90
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TABLE XI

RUFIJI BASIN SURVEY-HYDROLOGICAL SECTION.

OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER _Ndembera_ STATION Madibira No. 11C.A.35 _CATCHMENT AREA _707 SQ. MILES

667 000 58 17.7

1 094 000 96 29.0

0 000 118 58
1 130 000 99

1 142 000 100 30.3

1 602 000 140 42.5

1 501 000 131 59.8

1 .225....000 107

1 320 000 116 35.0



TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES

RIVER Haiall STATION majojoio No. _zitse_CATCHMENT AREA 1014 SQ. MILES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET OF :

MEAN
1 INCHES

`-,,OF
ACRE FEET N;wAN

;
! INCHES

RUN OF F
COEFFICIENT

ACRE FEET
%OF

MEAN

'
'

!

INCHES LOSS
COEFFICIENT

1940-1941 1 687 OGO 109 51.2 238 000 116 4442 - 0,14 1 449 000...-4 108 26..8... - o.86
1941--1942 1 983 000 128 i 36,7 324 000 158 1 6.0 0.16 1 659 000 i 1.24 30.7 0.84
1942--1943 1 428 000 92 ! 26.4 178 WO 87 i. 3.3 O .1ß 1 250. 000 ! 95 23.1 .0,87
1943-1944 J. 254 000 81 ! 23,2 135 000 66 ! 2.5 0..11 1.119 000 85 20.7 0.89
1944-1945 1 973 000 ' 127 36.5 270 000 132 5.0 0.14 1 703 000 127 31.5 0.86

5 YEAFRS AVERAGE J. 665 COO 107 30.8 229 000 112 4.2 0.14 1,j6 000 107 26.6 0.86
1945-1946 1 415 000 91 26.2 173 000 84 1. 3..2 0.12 1...242 000

:r
93 23,0 0.88

1946-1947 1 4.51 000 ! 94 . 26.8 184 000 90 5,4 0.15 1 267 000 ! 94 23.4 Q.87
1947-1948

18I949
1 657 000
1 095 000

107 ! 30.7
71 ; 20.3

262 000 113

103 000 50

, 4.3

1
1,9

0.14
0.09

1 425 000 ! 107

992 000 ,: 74
,

26.4
i 18.4

0.86_
0.91

1949-1950 1 478 000 95 27.3 184 000 90 i.4 0.12 1 294 000 ! 96 23.9 0.88

5 YEARS AVERAGE 1 419 000 92 ! 26.2 175 000 85 3.2 0.12 '1 241 000 ! 93 23.0 0.88
1950 1951 1 811 000 117. ! .35.5 276 000 156 5.1 0.15 3_ 535 000 ! 114 28,4 0.85

....._
1651-1952

1952-1953

1953-1954

1954 1955

1 911 000
976 .000

1 511 000
1 559 000

1

i

i

124
63 ,

98.

101

..s5.5..4

18,1
, 28,0
1 28.8

:503 000 148

81 000 40

195 000 95
205 000 100

5.6
1,5
3,6

. 3.8

0.16
0..08

0.13
0.13

1 608 000, 120

8.95 000 ! 67

i316 000 ' 98
1 554 000 101

29.8
16.6
24,4
25.0

0 84
0,92
007
0.87

5 YEARS AVERAGE 1 554_000 101 28 7 212 000 105 i, 9 0 14 1 542 000 100 24,8 0.86
15 YEARS AVERAGE 1 546 000 100 28.6 205 000 100 3.8 0.13 1 341 000 100 24.8 0.87

1955-1956 2 072 000 134 38.3 357 000 174 6.6 0.17 1 n5 000 128 31,7 0.83
1956-1957

1957-1958

1 850 OW
1 05.5. 000

120 34,2
107 30,6

286 000
252 000

140
113

! 5.3 0,15
! 4.3 0.14

1 564 000 : 117

1 421 000 ! 106

28.9
20.3

0.85
0.8.6.

195R-1.959 1 499 000 : 97 27.7 185 439 90 ! 3.4 ,. 0.12 1 313 561 98 24.3 0,88
1959 -1960

5 YEARS AVERAGE
-

MAXIMUM 2 072 OW ! 134
J

38.3 357 000 1 174 6.6 0.17 1 715 000 128 31.7 0.83
MINIMUM 976 000 ! 65 18.1 81 000

1

40 1.5 0.08

I

895 000 67 16.6 0.92

I
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TABLE XI
RUFIJ1 BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER .....Lit.t1.e....11uaha __ STATION I ...... .... ,,, ...... Va9..__CATCHMENT. AREA 615 ........ ...... ..... SQ. MILES

RAINFALL RUN-OFF LOSS OF WATER
HYDROLOGICAL

YEAR
I/11-31/10 ;';;OFACRE FEET

MEAN
INCHES

,,OF
ACRE FEET ,-

MEAN

i

ill

RUN OF F
INCHES

: COEFFIciENT

1

%OF LOSSACRE FEET
MEAN

INCHES
' COEFFICIENT

1940-1941 1 342 000 98 39.0 211 000 92 7.1 0.1_8 1 098 000 . .99 .31.9
.....-

0.82
1941-1942 1 7.70 000 . 129 51.5 399 000 151 11,6

,

1 0,23 1 571 000 123 59.9 0.77
1942-1943 .1. 395 000 101 40.6 261 000 98 7.6 ; 0.19 1 134 00,0 102.. 35.0 0.81.
1943-1944

slat-a
1....222 000

j...y93.2._(2011

89
42.2_

, '55.5
57 6

213

495
000
000

80 1

187 i

I

6.2 i

14 4
0.17
O 9

1 009 000 .91
4:5 000 ',..__UsLan29.3 0.85

5 YEARS AVERAGE 1 54.2 000 I 112 44.9 322 000 122 9.4 0.21 1 220 000 : 110
: 35.5 0.79

1945-1946

1946-1947
..... 1 575 000

1 122 OW , . 82
114

'52.6
45.8

189
320

000
000

71 5.5 i

121 9.3 i

0.17
0.20

933 000
1 255 000

84 ; 27 1
, 113 ' 36.5

0,83
0 80.

1947-1948 1 422 000 j 105 , 41.1 265 000 100 ,
7,7 ; 1

t
0,19 1 157 000 104 ' 53.7 0.81

1948-1949 .1...022 000 71 2.9.7 102 000 61 ; .4..7 0..16 860 000 77 j 25.0 i. 0.84
1949-1950 1 061 000 77 30.9 172 000 65 1 5.0 1 0.16 889 000 80 25.9 0.84

3 YEARS AVERAGE 1 (14-0 000 90 30.1 222 000 84 6.5 0.18 1 018 000 92 29.6 0.82
1950-1951 1...400 000 102 ¡ 4-0.7 261 000 .93 .7.6 0.19 139 01'0 ' 103 53.1..1 .... 0.81
1651-1952 .1_65.8 000 ., .120 1 48.2 347

.... .

000 151 10.1 0 21 1. 4511 000 118 58.1 0,79

1952-1953............... .1 120 000 81 . 32.6 189 000 71 5.5 ; 0,17 951 0.00 84 , 27,1 0.05
1953-195.4 1 220 000.. 89.... 1 35.5 21,5 OCOOi 6,2 1 047 1 007 0C3 91 , 29.3 Q.8.3
1954 - 1955 ' 32a. 000 97 58 6 241 000 91 J 7.0 : 0,18 1 087 030 98 31.6 0,82

5 YEARS AVERAGE 1 345 000 98 39.1 250 000 oi
,,,,-.., 7,5 : 0.19 1 095 000 99 31.8 , 0.81

15 V EARS AVERAGE 1_37a_000 100 40.0 265 000 100 7,7 0.19 1 111 000 100 32.3 0.81
1955-.1956 L.540 000 112 41.8 . 506 .000 115 8.9.. , 0.20 1 231. COO 111 .$5,9 0.80
1956-1957 1 690 000 125 49,2 361 000 i 136 10.5 ' 0,21 1 329 000 120 38.7 ; ..... .....0 ....
1957-.1958

1958-1.959

1..251 000 , ..91 .364,
1 203 000 87 '35.0

308
227

094 116 9,0
J

325 86 6.6
0..25
0.19

942 906 85 27.4I.i
975 675 88 28.4

0,75

0.81
I

1959 - 1960

5 YEARS AVERAGE

NOTE: These comuutations are done by analog' with runoff at lititu-and Ihirabu as well as vrith rainfall.
MAXIMUM 1 980 000 j 1,2.4 1 57.6 495 000 187 ' 14.4 0.25 1 485 000 134 1

4-3 1. 0 . 75
MINIMUM 022 000 I 74 i 29.7 162 000 I 61 4,7 0.16 860 000 77 25.0 { 0.84



RIVER Halali STATION

HYDROLOGICAL
YEAR

1/11-31/10

1940-1941

1941-1942

1942-1943

1943 -1944

1944-1945

5 YEARS AVERAGE

1945-1946

1946 -1947

1947-1948

1948-1949

1949-1950

5 YEARS AVERAGE

1950--1951

1651-1952

1932-1953

1953-1954

19534---1955

5 YEARS AVERAGE

15 YEARS AVERAGE

1955-1936

1956-1957

1937-1958

1958-1959

ACRE FEET

RAINFALL

%or
MEAN

00670 0 121 57.7
594 000 129 40.2
26$ 000 $8 27.3
261 000 65 26.6
421 000 158 42.9
343 000 112 35.0
515 000 102 31.9
319 000 104 52.5
284 000 93 30.0
204 000 67 20.8
341 000 111 34.8
292 000 95 29.8
353 000 109 34.0
558 000 j110 34,5
170 000 56 17.3
296 000 97 30.2
274 000 I 90 27.9
282 000 92 28.8
06 000 100 31.2

378 000 124 38,5
370 000 121 57.7,
328Q.00 107 55.4
305 000 100 , 51.1

NOTE: The sane ra-Lnfallernof,r relation curve a
MAXIMUM 421 000 1 138 42.9
MINIMUM 17.3170 000 56

Iyayi NO. licA.46 _CATCHMENT AREA

INCHES ACRE FEET

000
75 000

58 000

43 000
53 000
55 000

57000
41 OCO
47 000
69 000
66 000
53 000
41 628

RUN-OFF

%Or
MEAN INCHES

138 6,6
160 7.6

36 000 '77 3.7
34 000 72 3,5
81 000 172 8.3

123 5.9
47 000 100 4.8 0.15
49 000 104 5.0 0.15
40 000 85 4.1 0.14
22 OCO L 47 2.2 t 0.11
56 000 I 119 5.7 0.16

91 4.4 0.15 249 000
113 5.4 0,16 280 000
117 5.6 0.16

18 000 38 1.8 0.10
43 000 91 4.4 0.15

79 3.8 0.14
87 4.2

100

147
140
113

89

4.8
7.0
6.7

RUN OFF
COEFFICIENT

0.18
0.19
0.14
0.15
0.19
0.17

0.15
0.15
0.18
0.18

5,4 0,16
4,2 0,14

ACRE FEET

305 000
319 000
232 000 90 25.8
227 000 88 i 23.1
340 000 131 34.6
285 000
266 000 103
270 000 104
244 000 94
182 000
285 000

152 000
253 OCO
237 000

259 000
309 000
304 000

184 SQ. MILES

LOSS OF WATER

283 000

241 000 95

%OF
J

INCHESMEAN

110 29.1
27.1 0.85
27.5 0.85
25,9 0.86

70 18,6
0.89.11029.1 0.84

96 25.4 0.85
108 28.6 0.84
109 28. 9 0.84
59 15.5 0.90
98 25.8 0.85
92 24.1 0.86

100 26.4 0.85
119 31,5
117 51.0

i
0.82

275 000 + 106 28,0
265 572 I 102 26.9

LOSS
COEFFICIENT

118 51.1 0.82
123 52.6 0.81

0.86
0.87
0.81
083

24.6 ß85

0.82

0.84_
0,86

s for Iyayi D/S is a oiled in these calculation.s.
81 000 172 8.3 0.19
18 000 1.8

340 000
0.10 152 000

131
59

34.6 0.81
15.5 0.90
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TABLE XI
RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES

1959 -1960

5 YEARS AVERAGE



RIVER Kilombero
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

STATION Ifakara No 1132 CATCHMENT AREA 12003 SQ. MILES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET
%0F

MEAN
1

INCHES
I?:,OF

ACRE FEET
MEAN

INCHES

I

RUN OFF
COEFFICIENT

%OF
ACRE FEET

MEAN
INCHES LOSS

COEFFICIENT

19411-1941 32 683 000 93 ...........50.8 _9 590 000 89 14.6 0.29 25_295.000_ .........95 36.2_ 1.21
1941-1942 36 414 000 104 56,6 11 320 000 107 1 17.6 0.31 25 .094 000 103 39.0 0.60. --
1942-1943 32675 000. 94 51.1 9_520 000 90 14.8 0.29 25_555 000 90 56.3 0.71
1943-1944 31 720 000 91 49.3 8-940 000 85 13.9 0.28 22 780 000 93 : 35,4 0,72
1944-1945 47 106 000 135 73.3 10 780 000! 159 26.1 0,36 30 326 000 124 47.2 0.64

5 YEARS AVERAGE 36 100 000 103 36.2 11 190 000 106 17.4 0.31 24 970 000 102 38.8 0.69
1945-1946 33 000 000 94 51,3 9 580 000 91 14.9 0.29 23 420 000, 90 50.4 0.71

1946-1947 40 950 000 117 63.7 16.500 000 128 21.0 0.73 27 150 000 112 42.7 0.67
1947-1948 50 414 009 104 56.6 11 250 000 107 17.. 25 164 000 105_ ' 39.1 0.69
1948-1949 25 225 00.72 , 39.2 6 040 000 57 9,4 0.24 19 185 000_. . _ ....28 29.8 0.76 .

1949-1950 38 344 000 110 59.6 12 220 000 11G I 19.0 0.32 26 124 000 ' 107 40.6 0.68
5 YEARS AVERAGE 34 787 000 99 rzzl.Q.,...1 10 520 OCO 100 ' 16.4 0.30 24 207 000 09 57 7 0.70

1950 1951 30 092 000 103 56.1 _10 90. .009 104 : 17.1 0,30 25 102 COO . 103__ 39.0 0.70
.- _. 1651-1932 42 140 000 120 65.5 14 150 000 134 22,0 0 134 27 090 000 114 45.5

1952-1953

1953-1954

1954- 1955

27 640

30 082
34 420

000 70 43.0
000 86 40.80

000 98 55.5

7 070 000 67

8 170 000 77_
9 680 000 90

i

!

11,0

12.7
14.7

,

,

0.26

0.27
0.27

20,570 000 84

21 912 000 90

24 940 000 102

32.0 0.74
34.1 _0.73
38 8 0.73

5 YEARS AVERAGE 34 035 000 97 52.9 9 970 000 94 15.5 0.29 21 065 000 99 Y7,4 . 0,71

15 YEARS AVERAGE 55 007 000 100 54,4 10 560 000. 100 1e.4 0.60 24 647 000 100 58.0 0.70
1955- 1956 45 240 000 129 70,4 16 610 000 157 i 25.8 0.37 28 630 000.....117

' _11.6 0.63
1956-1957

1957-1958

37 058
35 385

000 106 57.6
000 . 101 55.0

12 n30 000 122

12 060 000 114

20.1

18.8
J 0.35

0.34
14 128 000 99

23 325 000 , 95
,

37.5
_36.2

_QA.0 .

_C.66._
1958-1959 26 506 000 ' 76 41.2 6 820 000 65 f 10.0 , 0,26 1D._68.6 000 81 1 5Q.6 0.71
1959-19(50

5 YEARS AVERAGE

MAXIMUM 47 101_i

25 225 000 72

7

39.2
1. ;0 0 .sf
6 040,000 57

P

94
n ;

0.24 ,

- 26 Q on 124 i 472 i 0 04.

MINIMUM 19 185 000 78 1 29.8 ! 0.76



RIVER
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TABLE Xi
RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

Kilombero STATION Ifwema No. 1KB4 CATCHMENT AREA 7048 SQ. MILES

HYDROLOGICAL
YEAR

1/11- -31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET %OF
MEAN

INCHES ACRE FEET %OF
MEAN

INCHES
; RUN OFF
COEFFICIENT

%OF
ACRE FEET

MEAN

,

: LoSS
INCHES

COEFFICIENT

,

1940-1941 1.6 006. CO 93 47.9 5 034 000 96 14,4. 0,28 12 972 000' 92 , 54,5 0.72
1941-1942 21 255 000 110 56.5 5 823 000 111 15.5 0.27 15 412 000i 110 ; 41,0 0.73
1942-1943 19 266_000 100 51.5 5 572. 0001O 143.5 0.28 1Z 694 000 99 ! .37,0 0.72
1943-1944 17 655 000 92 47,0 4 959 0004 95 13.2 0.28 12 696 000 91 56.8 . 0.72
1944-1945 27 927 000 145 74.3 7 025 0001 134 18.7 0.25 20 002 000: 149 , 55.6 0.75

5 YEARS AVERAGE 20 818 000 108 55.4 5 645 000 108 15.0 0,27 15 175 000: 108 40.4 0.73
1945-1946 18 115. Q001

i

94. 48.2 5 071 000 97 15.5 0,28 13 042 000J -94
.1 - ; 44.7

'
Q.72

1946-1947 20 660 0001 106 54,2 5 635 000 108 15.0 0,28 14 725 COO' 105 59.2 0.72
1947-1948 18 404 000 96 49.0 5 147 000 98 13.7 0.28 15 257 000 95 H 35.3 0.72
194S-1949 14 655 000 76 59,0 4 095 000 78 10,9 0,28 10 540 000.1. 75 1 28,1 j. 0.72
1949-1950 SO 290 000 105 -54.0 - 5 635 000 108 15.0 0.28 14 657 000; 105 39.0 0.72

5 YEARS AVERAGE 18 561 000 95 48.9 5 117 000 98 13.6 0.28 13 244 000j 94 35.3 0.72
1950- -1951 17 594 000 91 46.8 4 921 000 94 13.1 0,28 12 673 000! 90 : 33.7 .0,7
1651-1952 24 457 000 127 65.1 6 461 000 123 1 17.2 0.26 17 996 000 128 : 47.9 0.74
1932-1953 15_848..000 82 42..2 4 455. 000 . 11.8 Q,280.28 11 415 000. 81 30.4 0.72
1953-1954 16 113 000 84 42.9 4 320 000 85 11.5 0.27 ]4,7399O 84 31.4 0.75
1954- 1955 18 986 000 99 50.5 4 594 989 88 12.2 0.24 14 391 011 103 38.3 0.76

5 YEARS AVERAGE 18 600 000 97 49.5 4 946 000 94 16.2 0.27 13 654 000, 97 . 36.3 0.73
15 YEARS AVERAGE 19 259,000 100 51.3 5 235 000 100 13.9 0.27 14 024 000: 100 37.4 0.73

1955-A956 27 291Q00 142 72.6 6 920 000 152 18.4 0.25 20 570 354 145 54.2 0.75
1956-1957

1957 1958

22 457 000 117

1.9 620 000 102

59,8
52.2

6

5

029

477

648 115

801 105

16.1 4

14.6
0.27
0.28

16 427 352, 117

14 142 199. 101

45.7
37.6

0.75
0.72

1958-1959 15 853 000 82 , ' 42.2 4 439 927 85 11.8 0.28 11 413 073! 81 30.4 0.72
1959 -1960

5 YEARS AVERAGE

MAXIMUM 27 927 0001 145 74.5 7 025 000: 134 18.7 0.25 20 902 000 149 55.6 1- 0.75
MINIMUM

I

14 635 0001 76 39.0 4 095 000i 78 10.9 0.28 10 540 000 75 28.]. i 0.72
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES_

RIVER Luhombero STATION Ilonga No. 1KB5 CATCHMENT AREA 395 SQ. MILES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET ,OF
MEAN

1

I

INCHES ACRE FEET

i

IecOF , RUN OFF
MEAN

INCHES
COEFFICIENT

%0F
ACRE FEET

MEAN
INCHES

i LOSS
COEFFICIENT

1940 -194 I 1 102 000 I 104 52,3 183 COO 131 8.7 0.17 919 COO 104 43.6 0.83
1941-1912 L.120 000 105 53,2 190 000 104 , 9.0 0.17 930 000 105 44.2 0.83
1942-1943 1 045 030 98 49.6 168 000 92 8.0 0.16 877 000 99 41 6 0.84
1943-1944 1 116 c,00 105 ' 53.0 187 COO 103 8.9 0.17 929 000 105 44.1. 0.83
1944-1945 1 300 DOO 122 61.7 251 0A-, 138 11.8 0.19 1 049 000 119 49.9 0.81

5 YEARS AVERAGE 1 r -00 1 Pr7L.), 54.0 196 000 108 9.3 0.17 941 000 107 44.7 0.83
1945- 194(3 1 C86 000 100 50.6 175 COO 96 8.3 0.16 891 000 101 42.3 0.84

i946-1947 1 082 000 102 01.4 170 030 98 .5i 0.17 903 000 102 42.9 0.83
1947-1918 1 050 000 97 C2.0 16C 000 90 7.8 0.16 866 CCO 98 41.2 0.84
1948-1949 837 000 79 39,8 1...,0 000 - '0.1466 3./ 717 000 81 54,1 0.86
1949-1950 1 203 000 116 57.1 2-.5 OW 118 10.2 0,18 988 OCC 112 46.9 0.82

5 YEARS AVERAGE 1 044 0,J0 98 k:z. o' ' 171 900 94 8.1 Cf.16 873 006 99 41.5 0.84

o-951
1651-1952

864 000
1 550 000

81

1L7

i 1, r,,,,,
3'..1

1,4 0001
..,67 000

_ _
58 a.., 0 i 4

le7 12.7 0.20
740 000 84

1 083 000 123
35.1
51.4

0.86
0.80

1952-1953 870 000 82 41.3 -1 ,6 COO 69 6.0 0.15 744 000 84 55.3 0.85
1951-1054 916 000 86 45.5 137 000 -7-r 0 6.5 0.15 779 000 88 37.0 0.85
1934 I95i 1 047 000 98 49.7 ELJ b09 132 11.4 0.23 806 691 91 38.5 0.77

5 YEARS AVERAGE_W' 000 95 .1 7r9 179 000 98 8.5 0.18 830 000 C.,,,t 59.4 0.82
15 YEARS AVERAGE -'i 0- 00 100 60 5 18 C00 100 8.3 , 0.17 882 COO 100 41 .9 0.83

1955 - 1956 1 650 000 153 77.4 377 703 208 17.9 0.23 J252 297 142 59.5
1956-1937 1 264 000 119 60,0 218 364 120 10.4 0 .17 1 045 166 118 49.6

-1

(0.76
19 7- 1958 1 24a.000 117 39,1 228 4:4 126 10.9 0.18 1 014 566 115

i

j4Q.2 0.82
1958-1959 760....00.2 71 36,1 105 762 5r ;,9 r.14 efa 238 71 31.2 0.ee
1939-1960

5 YEARS AVERAGE

MAXIIVIUM 1 600 000 155
I

77,4 377 706 20 8 17.q 03 .2 1 202 ":,97 142 ! 59.5 1 0.77
MINIMUM 760 000 71 ' 36.1 103 7.62 57 4,9 0.14 656 238 74 ' 31.2 i 0.86
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Kigogo-Ruaha STATION Frick' s Bridge No. 1KB6 _CATCHMENT AREA 511 SQ. MILES

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET %OF INCHES
MEAN

ACRE FEET
%OF

MEAN

1

!

! RIJN OFF
"

INCHES
; C IOEFF CIENT
i

ACRE FEET 0F INCHESMNJA
LOSS

COEFFICIENT

1940-1941 1 063 000 1 82 39,0 232 000 82 8.5 1 0.22 831 000 82 30,5 0,78
1941-1942 1 700 000 ; 151 62.,4 375 COO 131 13,7 1 0.22 1 327 000 150 48.7 O.95
1942-1943 1 300 000 1 100 47.7 283 000 100 10,4 1 0.22 1 017 000 100 37.3

. ... 0,78
1943-1944 1 353 000

1 102 ; 48.9 291 000 102 10.7 E 0.22 J. 042 000 102 38,2 0.78
1944-1945 1 920 000 1 148 70,5 417 000 147 15.3 í 0.22 1 503 000 148 55.2 0.78

5 YEARS AVERAGE 1 463 000 1 112 53,7 319 000 112 11.7 0.22 1 144 000 112 42.0 0.78
1945-1946 .1 300 000 1 100 47.7 285...000 1G0 10.4 0.22 1 017 000 100 37.3 Q.78
1946-1947 1 220 000 i 94 44.8 267 000 94 9.8 i 0.22 953 000 ; 94 35.0 0.78
1947-1948 3.250 000 i 96 45.9 272 000 - 96 10.0 1 0.22 va. 00o 96 35.9 0.78
1948-1949

1949-1950
J. 040 000 1
1 290 000 ;

80 38;2
99 474

229 000
280 CCO

81
99

8.4 , i

10.3- 1

0,22
0,22

811 000 ;

1 010 000 1

80 29,$
99 37.1

0.78
0.78

5 YEARS AVERAGE 1 220 000 ; 94 47.8 266 000 94 9.8 0,22 954 000 94 35.0 0.78
1950-1951 1 3.4-,Q .000 88 4L9 9 251 000 88 9.2 0.22 889 000 87 32.7 0,78
1651-1952 1 670 000 ' 128 61,3 362 000 127 13.5 0.22 1 608 000 129 H 48.0 0.78
1952-1953 872 000 67 32,.0 191 000 67 j 7.0 0.22 681 000 67 25.0- 0,78
1953-1954 1 083 000 1 83 59.8 237 000 83 8.7 0.22 846 000 1 83 31.1 0.78
1951-1955 1 334 000 103 49.0 291 000 102 10.7 0.22 1 043 000 103 38.3 0.78

5 YEARS AVERAGE 1 220 000 04 44.8 266 000 94 9.8 0.22 954 000 94 35.0 0,78
15 YEARS AVERAGE 1_501 000 100 47,8 284 000 100 _10.4 0.22 - 1 017 000 100 37.4 0.78

1955-1956

1956-1957

1 608...000
1 553 000

124 59-, 0

119 57.0
351 000 124
311 086 110

, 12.9
11.4

0,22
0.20

1 257 000
1 241 914

124 46.1
122 45.6

0.78
0.80

1957-1958 1 677 000 129 61.16 365 481 129 13.4 0.22 1 311 519 129 48.2 0.78
1958-1959 987 000 L 76 36.2 246 281. 87 9,0

J.
0.25 740 719 . 73 2 0.75

1959-1960
I5 YEARS AVERAGE
I

MAXIMUM 1 920 000 ; 148 70.5 417 000 147 15.3 0.22 1 505 000 148 55.2 0.78
MINIMUM 872 000 ! 67 i 32.0 191 0001 67 7.0 0.22 681 000 67 25.0 1 0.78
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, FRUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RUN-OFF LOSS OF WATER

%OF
MEAN

90

140
I 105

98

101

RUN OFF
INCHES

COEFFICIENT

12.6
22.6
15,8
15,7
24.4

0.51
0.51
0.31

0.7)1

14.5 0.s1
17,8 0.31

95 16,6 0.31
64. 14.2 0.51.

j 136 t23.6 0.51

100 17.4 0.31
100 17.4 0.31

82 14.5 0,31
90 , ;5--0,31

107 18.6 0,51

i 129 22.4 0.31
L 103 18.0 0,29
1 99 17.2 9,32

81 14.2 0.30

ACRE FEET

937 SQ. MILES

%or
; MEAN

1 415 000 75 28.5 0.69
2 529 000 150 50.6 0.69
1.175 000 91 55.5 0.69
1 760 000 90 55.2 0.69
2 734 000 159

INCHES

2 059 000 3.9.5 40.8
1 905 000 98 58,1

set Quo 101 59.3
1 926 000 99 58.6
1 595 000 82 1e9
1 983 000 102 39.7

LOSS
COEFFICIENT

0.69
0.69
0.69
0.70
0,69
0.69

1 875 000 96 57.5 0.69

1 955 000 99 38.7 0.69
1 949 000 100 39.0 0.69

MAXIMUM L.171,9Z_MQ_L1.4Q_ i

1 Zatai_aa_QQQ.Lea_ 24.4 0.31 j 2 714 000 159 1 54 4 i 0,A9
MINIMUM 2 044 000 1 73 40.9 629.000 72 12.6 0.51 I 1 415 000 75 .

i i

221 :i , 0 Rq

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL

ACRE FEET s3LOF

MEAN
INCHES ACRE FEET

1940-1941 2 044 000 73 40 9 629 COO

1941-1942 5 668 000 130 1149 000
1942 -1943 2 564 000 91 51,3 789 000
1943 -1944 2 544 000 90 1 50.9 784 000
1944 1945 5 2.0 000 140 78.8 1 219 000

5 YEARS AVERAGE 2 951 000 105 59.1 912 000
1945-1946

... . 2 754 000 98_ 55.1 849 000
1946-1947

.2_3938 000_ 101 56.8 874 000
1947-1948 2 740 000 97 54.9 814 000
19-18-1949 2 509 000 82 46.2 714 000
1949-1950 2 872 000 102 57.5 889 000

5 YEARS AVERAGE 2 705 000 96 54.1 828 000
1950-1951 2 374 000. 84_

.
47,5 734 000

1651-1952 3 788 000 134 75.8 1 179 000
1932-1953 2 514_000 sa ....... ..... . ......... ,.... . 4.6,5. .... 714 000
1953-1954 2 529 000 90 50.6 779 QUO

1954--1955 5 003 000 107 60.1 929 000
5 YEARS AVERAGE 2 802 000 99 56.1 867 COO

15 YEARS AVERAGE 2 18 000 100 56.4 869 000
1955 -1956 3 603 o128 72.1 1 119 000
1936 -i957 3 053 000 106 613- 898 657
1957-1958 2 661 000 .94 53,3 860 266
1958-1959 2 359 040 64 47,2 706 678
1959 - 1960

1 640 000 84 32.8 0.69
2 609 000 154 52.2 0.69
1 600 000 82 32.0 0.60
1 750 000 90 55.0 0.69
2 074 000 106 41.5 0.69

72

1.31

91

0.31
0,31
0.50

0,51
o.

2 484 000 127 49.7 0.69
2 154....3.43 111 45.1 0.21_
1 8007M i 92 am_ 0.68_ ....

1 652 522 85 55.0 l_. 0.20......

94
82

102
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TABLE XI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION.

OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER /Jivers. STATION Taveta No. 11039 CATCHMENT AREA 1950 so. MILES

LOSS OF WATER

%OF
MEAN

INCHES

9.4 35,2 0..69
1 116 45.5 0.69

97 36,2 0.69
98 36,7 0,69

145 54.2 0.69
110 41.1

94 35.1
90 L 33.8

127 47.3
81 30.3
85 ; 31.7

96 36.0
100 37.4

98 36.8
i 90 j 33.7

74 i
27.6

LOSS
COEFFICIENT

0.69
95 55.3 0.69

100 37.3 0.69
96 j 35.9 0.69

_74 27.0_ Ost73.
105 69.4 0.69

0.70
0.69
0.74
0.69
0.69

97 36.5 T 0.69
0.70
0.70

141 52.9
1

0.69
0.71
0.68
0.68

145 i 54.2 0.69
74 27.6 i 0.71

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL RUN-OFF

ACRE FEET
%OF

MEAN
INCHES ACRE FEET %OF

MEAN
INCHES

RUN OFF
COEFFICIENT

ACRE FEET

1940-1941 5 283 00Q 95 50.8 1 621 000 96 15.6 0,51 5 662 QQQ
1941--1942 6 545 000 117 650 2 027 000 120 19.5 0,31 4'618 000
1942-1943 a 431 000 97 52,3 1.674 000 99 16.1 0.31 3 757 000
1943-1944 5 511 000 99 53,0 1 694 000 100 16,3 0.51 3 817 000
1944-1945 8 163 000 146 78.5 2 526 000 149 24.3 0.31 5 637 000

5 YEARS AVERAGE 6 187 000 111 59.5 1 08 000 113 18.4 0.31 4 279 000
1945-1946 a 307 000 51.0 1 632 000 96 15,7 0.31 3 675 000
1946-1947 5 598 000 100 55.9 1 725 000 102 16.6 0.31 3 873 000
1947-1948 5 590 000 97 51.9 1 663 000 98 16.0 0.31 3 '727 000
1948-1949 4 023 000 72 $8.7 1 154 000 68 11,1 0.29 2 869 000
1949-1950 5 923 000 106 57.0 1 829 000 108 17.6 0.31 4 094 000

5 YEARS AVERAGE 5 248 000 94 50.5 1 601 000 94 15.4 0.50 3 647 000
1950 1951 5 071.000 91 48.8 L5ß9 000 92 15.0 0,31 5 512 000
1651-1952 6 656 000 119 64.0 3. 736 000 102 16.7 0.26 4 920 000
1952-1953 4 557 000 82 43.8 1 403 000 83 13.5 0.31 3 154 000
1953-1954 4 772 000 86 45.9 1 476 000 87 14.2 0.31 3 296 000
1954 -1955 5 483 000 98 52.8 1 694 000 100 16.3 0.31 789 000

5 YEARS AVERAGE 5 08 000 95 51.1 1 574 000 93 15.1 0.30 3 734 000
15 YEARS AVERAGE 5 581 000 100 53.7 1 694 000 100 16.3 0.30 5 887 000

1955-1956 7 988 000 145 76,9 2 494 000 147 24.0 0.31 5 494 000
1956-1957 5 43.7 000 97 52,1 1 588 492 94 15.3 0.29 3 828 508
1957-1958 5 150 Q00 92 49.6 1 654 342 98 15,9 0.32 3 495 658
1958-1959 4...220 000 76 400 -1 35.0 161 80 13,0 0,32 2 863 839
1959 -1960

5 YEARS AVERAGE

MAXIMUM 4anals 78 2 526 000 149 243 0.31. 5 637 000
miNimum 4 023 000 72 38.7 1 154 000 68 11.1 0.29 2 869 000
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TABLE XI
RUED! BASIN SURVEY - HYDROLOGICAL SECTION.

RAINFALL, RUN-OFF AND LOSS OF WATER
OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Ruhuji STATION trwayaraapingq No. Bolo CATCHMENT AREA 3294 SQ. MILES

HYDROLOGICAL
YEAR

1 /11-31/10

RAINFALL RUN-OFF LOSS OF WATER

ACRE FEET
0F

MEANINCHES %CIACRE FEET 5°F
MEAN

.

i

1 INCHES
I

FEF
I

CO7F;IF4T

,

ACRE FEET !

.

,

%C)F 1

MEAN
INCHES

-

LOSS
COEFFICIENT

1940-1941 8 172 000 96 46.5 2 142 000 95 j 12,2 0,26 6 060 000 96 : $443 0,74
1941-1942 8 885 000 - 104 0.5 2 423 000 107

i
13.8 0.27 6 442 000 ' 102 38.7 0.75

1942-1943 8 411 000 98 47,9 2 212 000 98 12.6 0.26 6 199 000 98 : 35.5 0.71
1943-1944

1944-1945

7 833 000 89
12 645 000 144

43.5
7045

2 002 000
3 285 000

89
r 145

11.4 0.26
18.7 0.27

5
9

631 000 ,

062 000 I

89 I

144 I

32.1
51.6

0.74
0.73

5 YEARS AVERAGE 9 085 000 I 106 51.7 2-412 000 107 13.7 0.26 6 673 000 106 58,0 0.74
1945-1946 7 827 000 92 .41,6 2 054 000 91 11.7 0.26 5 773 000 9. 0.74
1946-1947 9 282.000 109 52.9 - ........a...456 COO 109 i 14.0 0.26 6 824 000 108 . 9 0.74
1947-1948 8 075 000 94__ 460 2 124 000 94 12.1 0.26 5 951 000 . 95 33.9 0.74
194R-1949

....... _ 6 561 000 7737.4 1 721 000 76 9.8 0.26 4 840 000 77 ; 27.6 0.74
1949-1950 8 481 000 99- 48.3 2 230 000 99 12.7 0.26 6 251 000 99 ' 35.6 1 0.74

5 YEARS AVERAGE 8 045 COO 94. 45.8 2 117 000 9 12.1 0.26 t 5 928 000 I 94 ' 33.7 I 0.74
1950-1951

1651-1932

7 758 Q00 91 44.2
11.257 000 152 64.1

2 0.37 Q00
2 965 000

90
132

i

11,6
17,0

0.26
0.27

5

8

721 000
972 000

91
131

32.6
47.1

0.74
0.73

1952-1953 7.097 ....000. . 83_ . _40.40 .1 ...843 000 82 100 0.,26 5 254 000 ! 83 . 29.9 0.74
1953-1954 7 721 000 90 44.0 2 019 000 89 11.5 0.26 5 702 000 I 91 : 32.5 0.74
1954-1955 8 820 000 106 50.2 2 318 000 103 13.2 0.26 6 502 000 105 37.0 0.74

5 YEARS AVERAGE 8 5031 000 100 42,6 2 240 000 99 12.6 0.26 8 291 COO 100 35.8 0.74
15 YEARS AVERAGE 8_554 000 100 48.7 2 257 000 100 12.9 0.26 6 297 000 ' 100 35,8 0.74

1955-1956 12 031. 000 141 68-.5 5 195 COO 142 18.2 0,27 8 836 000 140 50.3 0.75
1956-1957 11 243 000 151 64.0 2 992 567 133 17.0 0.27 8 25.43 131 47.0 0.73
1937-1958 8 059 000 94 45.9 2 657 270 118 15,1 0,33 - 5 401 730 ; 86 t 30.8 0.67
1958-1959 7.451 000 I 87 42,16 1 945 715 88 11.1 0.26 5 485 285 87 31.2 0.74
1959-1960

5 YEARS AVERAGE

MAXIMUM 12 345 000 144 I 70.3 3 283 000, 145 18.7 0.27 9 062 000 144 ' 51.6 ' 0.73
MINIMUM 6 561 000 I

i

77 I 57.4 1 721 000: 76 ' 93 0.26 4 840 000 77 I 27.6 0.74
1
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RUFIJI BASIN SURVEY-HYDROLOGICAL SECTION.

25.6

23.8

20.1

31,3

14,5

15.6

22.1

20.5

RUN OFF
INCHES

COEFFICIENT

26.1 0.49

I 15.6 i 0.41

20..?

0.49

0.48

0.46

22,8 0,47

21.3 0.46

19,1 0.44

29.9 0.51

22.8 0.47

0,41

0.41

0.47

0.46

22.4 0.47

37.0 0.54

27.8 0.50

20,6
i

0,46

15.0 0.40

ACRE FEET

LOSS OF WATER

%OF
MEAN

719 000 105 26.6

697 000 102 25.8

686 000 101 25,3

657 000 96 24.3

806 GOO 118 28.8

560 000 82 20.7

606 000 89 22.4

682 000 100 25.2

662 000 97 24.5

682 000 100 25.2

LOSS
INCHES

COEFFICIENT

0.51

0.52

0.53

6(X) 255 22.2 0.60

37.0

14.5

0.54 I 844 000

0.41 I 560 000

124 31.2 I 0.46

82 I 20.7 1 0.59

HYDROLOGICAL
YEAR

1/11-31/10 ACRE FEET %-,OF

MEAN
INCHES ACRE FEET

%OF
MEAN

1940-1941 1 517 000 102 48.7 I 627 000 104

1941-1942 1 514 000 118 56.0 I 767 000 127

1942-1943 1 .430 000 111 52.9 705 000 117

1943-1944 1. 030 000 80 38.1 422 000 70

1944-1945 1 411 000 110 52.2 I 692 000 115

5 YEARS AVERAGE 1 340 000 104 49.6 I 643 000 106

194$-1946 1 220 000 95 45.1 559 000 93

1946-1947 1 301. 000 48.1 616 000 102

1947-1948 246 000 97 46.1 576 goo 95

1948-1949 1 16.3 000 90 43.0 516 000 85

1949-1950 1 574 000 122 58.2 1 808 000 13z-

5 YEARS AVERAGE 1 301 000 101 48.1 I 315 000 102

1950-1951
. .

1 200 000 93 41.1.4 543 000 90
1651-1932 1 625 000 126 60,1 819 000 136

1932-1953 952....000 74 35.2 392 000 65

1953-1954 1 028 000 80 38.0 422 000 70

1954- 1955 1 279 000 99 47.3 597 000 99

5 YEARS AVERAGE 1 217 000 95 45.0 555 000 92

13 YEARS AVERAGE 1 286 000 100 47.6 604 000 100

1953-1956 1 844 000 143 68.2 1 000 000 166

1956 -1957 1 495..000 116 55,3 751 000 124

1957-1958
. . . 1 217 WO 95 45.0 557 439 92

1958-1959 .1006 ....QUO 78 37.2 105 7.5.... 67
1959 -1960

5 YEARS AVERAGE

MAXIMUM 844 000 f 143 1 68.2 Ii000000. 166

MINIMUM 952 000 ! 74 35.2 392000 65

OBSERWID AND SYNTHETIC YEARLY VALUES.

RIVER Furua STATION 1,:alinyi No 1KB16 CATCHMENT AREA 507 SQ. MILES

RAINFALL RUN-OFF

844 000 124 31.2

744 000 109 27.6

659 561 97 24.4

23.2

28.4

690 000 101 25,5 I 0.52

747 000 110 27.6 0.49

7. 106 26.8 0.51

608 000 89 ' 22.5 0.59

0.54

0.53

0.54

0.56

0.4-9

661 000 97 21.4

685 000 100 25.3

670 000 98 24.8

647 000 935 23.9
766 000 f 112 28.3

0.45

0.52

0.55

0.18

0.59

0.59

0.53

0.54

0.53

0.46

0.50

0,54
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T A3 LE X

RUFIJI BASIN SURVEY-HYDROLOGICAL SECTION.

OBSERVED AND SYNTHETIC YEARLY VALUES.

RIVER Kilorn13 ....... ............ STATION Swero No._14(.1317 CATCHMENT AREA 12 915 SQ. MILES

HYDR0LOGICAL
YEAR

111 1-31/10

RAINFALL RUN-OFF LOSS OF WATER
1

%0F I

ACRE FEET 1 INCHES
MEAN

!

i .

i

i

' OF ' ' RUN FF
MEAN

ACRE FEET INCHES
II COEICIOENFFT
:

:

i

%OFACRE FEET .1 INCHESm EAN
LOSS

I COEFFICIENT

1940-194! 54 657 000 1 9$ 50.3 9 775 000 88 14.2 0.28 24 862 OW 0.96 56.1 0.72 .....

1941-1942 68 914 000 105 56.5 11 909 000 107 17,3 0.31 27 005 000 ' 104 . 39.2 0.69
1942-1943 54 556 000 I 93 50.2 9 775 000 88 14.2

î
0.28 24 781 000 95 36.0 0.72

1943-1944 53 630 000 91 48,9 9 293 000 84 135 O!28 4 357 000 : 94 35,4 0.72
1944-1945 50 060 000 155 72.7 17 485 000 158 1 25,4 0.35 32 575 000 : 125 47,3 0.65

5 YEARS AVERAGE 38 359 000 1 103 55.7 11 647 000 105 16.9 0.50, 26 712 000 ! 103 38,8 0.70
1945-1946 34...910 000 91.. 50.7

,

9 981 000 GO 14.5 i 0.29 24 929 000 , 96 36.2 0.71
1946-1947 13. 222 WO 117 1 6.2 8

- t

14 045 000 127 20.4 0.32 29 179 000 ' 112 42.4 0.68
1947-1948 56 686 GOO_ . 101 ! 56.2 ...840 000 107 17.2 0.31 26 846 00.; 103 39.0 o.e9
1948-1949 27 Q.2.4 000 73 39.3 6 353 000 57 9.2 0.23 20 692 000 ; 80 50.1 0.77
1949-1950 40 616 000 109 H 59.0 12 755 000 115 18.5 0.51 27 881 000 ; 107 40.5 , 0.69

5 YEARS AVERAGE 36 892 000 99 .';'7 n%nit° 10 986 OCO 99 16.0 0.30 25 906 000 100 3736 0,70
1950-1951 57 912 000 102 55.0 12 046 000 109 17,5 0.32 25 866 000» 99 67.5 0.38_
1651-1932 44 866 000 121 ,2 14 869 000 134 21.6 1 0.65, 29 907 000 , 115 45.6 0.67
1952-1953 29 570_000 79 42.3 7 228 0001 65 ' 10.5 0.25 22 142 000 85 31.8
1953-1954 31 847 000 86 1 46.3 8 398 000 76 12.2 ¡ 0.26

1-
23 449 000 90 34.1 f 0.74

1954 -1955 36 240 000 98 52,6 10 370 000 96 15,5 ] 0.29 25 570 000 98 37.1 I ' 0.71
5 YEARS AVERAGE 1 36 047 000 97 52 3

0 00 ; 53,9
10 642 000,
11 092 000

-96 , 15.5 i 0.30
i

100 16.1 ! 0.3012 YEARSai___________,______._.___._._._._._25 405 000 ' 97 36.8 1 0.70
26 007 000 100 , 378 1 0.70

1955-1956 47..96.6 000_ 129 69.7 16 314C001 147 1 23.7 0.34 31 652 000 122 46.0 1 0.66. ....

1936--1937 39 105 000 105 56.8 12 046 COO 109 i 17.5 0.31 27 057 000 104 , 30.3 0,69
,

1957-1958 57 430 000 , 101 54.4 11 221 000 101 : 16.3 1 Q.30 26 209 000 101 1 38.1 !
0.70

i

1958-1959 28 256 000 76 4].1 6 789 000 61 . 9.9 0.21 21 557 000 83 ' 51.2 ; 0.76
1939 - 1960

.

5 YEARS AVERAGE ,

MAXIMUM 50 060 000 ' 135 72.7 17 485 000 158 25.4 0.35 35 575 000 125 ; 47.3 ' 0.65
MINIMUM

1

27 025 000 ' 73 i59.3 6 53'3 000 57 F9.2 1 0.23
1

20 692 000 80 30.1 0.77
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TABLE VII

ANNUAL RAINFALL
.... River to Indian Ocean (Entire

Basin).
Catchment area 68500 Sq. miles

HYDROLOGICAL

YEAR

1/11-31/10

watimaillarmanannINS0**IrgliuSaalalailliMIlbubbia1110611S1

1940-1941

RAINFALL

ACRE FEET
%OF

MEAN
INCHES

119 293 000 97 52a
1941-1942 140 615 000 114 58..5

31O________

,2

1942-1.943
( 114 226 00.0 93

1943-1944 115 ß8000 93
1944-1945 149 376 000 122 40 9

Maffnaaette4101

5 YEARS AVERAGE

netaasanttnina/MASSan

127 470 000
enna."

104 34 p
n1945-1946 108 187 000 88 296

' 1946-1947 155 072 000 126 42.5
1947-194S 129 409 000 105 35.4

1948-1949 89 277 000
133 698 000

73
109

24.5
3641949-1950

5 YEARS AVERAGE 123 129 oog 101 33.7
1950-1951 129 765 000 106 35.5

1951-1952 141 152 000 no 38.7

1952-1953 90 097_000

1 00 939 000
. 4 000...Ma.

73 24.7
1953-1954 82 27O6

34.21954-1955 102
5 YEARS AVERAGE 1 7.387 000

122 662 000
96

100

32.2
33.6.
46.5

15 YEARS AVERAGE

1955-1956 168._ 941_ 000 138
1956-1957 135 _485 000

123 394 000
110 37,1

1957-1958 101 33.8
1958-1959 106 532 _000 87 29.2._

a."'"agneMlargSraWaM"".

1959-1960

----5 YEARS AVERAGE --- la-

NVaxergifteStete101MMIS

_46.3
24.5

MAXIMUM

IIISMISMOISCIISIMITY00W4sliptaryalI

_168 241_ 000
89 277 000

nOltaliteln

158
MINIMUM 73_
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TABLT:',/ VII

ANNUAL RAINFALL
River toindiari...Q.Q.PararS2m Conn*

Luwegup Ki1ombero and Gt.
Catchment area 113478. , Sq. miles Ruahao

HYDROLOGICAL
RAINFALL

YEAR
01-31/10 ACRE FEET

%OF

MEAN
INCHES

1940-1941
,................

4 000
24 182 000

::
1 9

294
4,1941-1942

1942-1943 19 044 000 102
1943-1944 19 100 000 102
1944-1945 24 015 000 128 43 0

5 YEARS AVERAGE 20 552 000 110 6
1945-1946 13 962 000 75 25 0
1946-1947 24 461 000 131 it

1947-1948 18 877 000 101 , :
1948-1949 13 627 000 '73 4 4

1949-1950 17 089 000 91 30 6
5 YEARS AVERAGE 17 603 000 94 31 5

1950-1951 21 055 000 11$ 37.7
1951-1952 19 044. 000 102 34.1
1952-1953 12 901 000 69 23.1
1953-1954 1_6_196 000

21 446 000
87

115
29.0
38. 41954--1955

5 YEARS AVERAGE 18 128 000 97 32.4
15 YEARS AVERAGE 18 761 000 100 3305

1955-1956 0 29 000 109 36.4
1956--1957 17 871 ses 32 0
1957-1958 15 861 000 85 28,4
1958-1959 16 978 000 91 30.4
1959-1960

11111111INOMMOMMOINIMMIIIMIN

5 YEARS AVERAGE

MAXIMUM 24 461 000
12 901 000

131
69

43.8
23.1MINIMUM
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TAI3LE VII

ANNUAL RAINFALL
Greet Ruaba. River to Rufi.jj. Confluence

Catchment area ........ ........ ...... miles

HYDROLOGICAL
YEAR

...................

RAINFALL

lit I-31/10 ACRE FEET
%OF
MEAN

INCHES

1940-1941 a 342 000 106 24.4
1941-1942 48 813 000 123 28.2

, 1942-1943 35 757 000 90 20.7
1943-1944 5_4 964_000 88 20.2_
1944-1945 42 396 NO 1.07,.....2.44.5..

5 YEARS AVERAGE 40 812 000 103 23.6
1945-1946 57 250 000 94 21a__.
1946-1947 53 620 000 135 31.0
1947-1948 44 548, 000_ 112 25.13___
1948-1949 27 220 000 68 15.8
1949-1950 43 287 000 109 25O0

5 YEARS AVERAGE 41 185 000 104 23.8
1950-1951 42 652 000 _107 2411._
1951-1P.52 46 566 000 117 , 2509
1952-1953 27 944 000 70 16.2
1953-1954 29 923 000 75 17.3
1954-1955 .......52422.900 99 22 8

5 YEARS AVERAGE a 10.9. 000 94 21.6
15 YEARS AVERAGE 39 766 000 100 23.0

1955-1956 56 559 000 142 32.7
1956-1957 49 798 000 125 28.8
1957-1958 44 977.000 :112 25.7
1958-1959 39 083 000 98 22.6
1959-1960

5 YEARS AVERAGE
asenovararearanivi

41MSNMINES MN,* WOMMIMINIM I

wassiemonvesMPOIOSEMS

MAXIMUM 58 5,59_000 142 32. 7
MINIMUM 000 68 _15.8
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13LN; VII

ANNUAL RAINFALL

Catchment area 2141 Sq. miles

HYDROLOGICAL

RAINFALL

YEAR

1/11-31/10 ACRE FEET
%OF

MEAN
INCHES

1940-1941
4 0 000 _s_9 2L9_

38.81941-1942 4 430 000 129
1942-1943 3620 000 105 31.7
1943-1944 92 27.7
1944-1945 140 42

5 YEARS AVERAGE $4.1
1945-1946 89 26.6
1946-1947 117 55.2
1947-1948 s in 109 32.8
1948-1949 66 19.8
1949-1950 77 23.2

5 YEARS AVERAGE 5 141 000 92 27.5
1950-1951

. 3 340 000 97

35.41951-1952 4 035 000 118
1952-1953 2 720 000 79 248
1953-1954 5 150 000

' CO 000
_92_
90

27._6_

27,21954--1955

5 YEARS AVERAGE
' §L ,L.00

432 000
95

100

28.6
15 YEARS AVERAGE 30.1

1955-1956 3 872 000 113 33.9
1956-1957 4_618 000 135 40.5
1957-1958 s IA 94_

isto 86 _013

1959-1960

5 YEARS AVERAGE

................

MAXIMUM 4 810 000
2 260 000

140._..16,...S.
ISINI011eani0101MWOMNIMOININMONEN

42.1
MINIMUM
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TABLE VII

ANNUAL RAINFALL
to. T.L..1.114111.a_____---

Catchment area_...... ..... miles

HYDROLOGICAL
RAINFALL

YEAR
1/11-31/10 ACRE FEET

laOF

MEAN
INCHES

1940-1941 1 020 000 207 30.0
1941-1942 1 223 000 129 36.0
1942-1943 920 000 97 27.1
1943-1944 781 000 82 23.0
1944-1945 1 172 000 123 34 5

5 YEARS AVERAGE 1Q23 000 108 0 .

1945-1946 832 000 88 24.5
1946-1947 883 000 93 2J.G.._
1947-1948 1 019 000 1oy_ moo
1948-1949 680 000 72 20.0
1949-1950 885 000 93 26 1

5 YEARS AVERAGE 860 000 9_, .4.

1950-1951 1 093 000 115 32.2
1951-1952 1 165 000 123 34.5
1952-1953 640 MO 67 18,8
1953-19M 951 000 100 28.0
1954-1955 970 000 NC 28.6

5 YEARS AVERAGE 914.00.0 101 28.4
15 YEARS AVERAGE 94ß0 100 28.0

1955-1956 .1 508 000 138 38.5
1956-1957 1 170 OM__ 123 . 34.5
1957-1958 1 070 000 113 31.5
1958-1959 934 000 98 27.5
1959-1960

5 YEARS AVERAGE

011100110SMINIIIPSIIMMI

MAXIMUM ' v. oo 138_4 3E3.5
MINIMU M 6.4 000 67



TABLE VII

ANNUAL RAINFALL
....ipwani River to ....Pro.posed_ Oninsi_te

Catchment area 455 Sq. miles
allIIMMENIMMINISMItt",

RAINFALL

HYDROLOGICAL
YEAR

1/11-31/10 ACRE FEET
%0F
MEAN

INCHES

1940-1941 8 000 111 55.7 _

1941-1942 922 000 126 58.0
1942-1943 73.7 000 98 29.6
1943-1944 558 000 76 25.0
1944-1945 898 000 122 37,0

5 YEARS AVERAGE 783 000 107 32.3
1945-1946 655 000 89 27.0
1946-1947 4 000 88 26.6
1947-1948 i 860 000 117 55.5
1948-1949 607 000 85 25.0
1949-1950 000 89 27.0

5 YEARS AVERAGE Qßj 000 95 282
1950-1951 850 000 116 55.0-I
1951-1952 898 000 122 57.0
1952-1953 500 000 68 20.6
1953-1954 709 000 97 29.2
1954-1955..e.22.0a . 9C 29.7

5 YEARS AVERAGE 735 000 100 50.5
15 YEARS AVERAGE 10.4 000 100 50.5

1955-1956 857 000 117 35.5
1956-1957 966 000 152 59.8
1957-1958 787 000rn 1.07_
1958-1959 747 000 102 50.8
1959-1960

A MIIMINIMOIMIMIMMIGNSIMIS

5 YEARS AVERAGE

MAXIMUM 966 000 152 59.8______

MINIMUM 500 000 68 20.6
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TABLE VII

ANNUAL RAINFALL
1141815. River to TUndUllia

Catchment area 377 Sq miles

1

RAINFALL

HYDROLOGICAL

YEAR

011-31/10 ACRE FEET
ictOF

MEAN

..........
112______

127

INCHES

1940-1941 000.67 ___33.2 _

37.81941-1942 760 000
1942-1943 508 000 85 25.3

23.51943-1944 473 000 79

1944-1945 801 000 134 39.9
5 YEARS AVERAGE 642 000 107 Ala9

1945-1946 583 000
568 000

98
95

290
1946-1947 28.3
1947-1948 000__638 107

70

31.'7
20.71948-1949 415 000

1949-1950 000 99.
94

29.5
27.85 YEARS AVERAGE 559 000

1950-1951 718 000 120 33_07

1951-1952 746 000 125 37.1
1952-1953 336 000 56 16.7
1953-1954 560 000 94 27.9
1954-1955 589 WO 99 29.3

5 YEARS AVERAGE 599 000 99 29.4
15 YEARS AVERAGE 597 000 100 29.7

1955-1956 764 000 128 38.0
1956-1957 680 000 114 33.8
1957-1958 585 000 98 29.0
1958-1959 565 000 95 284
1959-1960

5 YEARS AVERAGE

MAXIMUM : 11) M __154_ 39.9
16.7MINIMUM 316.000 56
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TABLE,' VII

ANNUAL RAINFALL
.River Pr929§9.4 Pafimite

Catchment area 5,7.4 Sq miles

HYDROLOGICAL1

RAINFALL

YEAR
1/11-31/10 ACRE FEET

9LOF

MEAN
INCHES

1940-1941 1 135 _OOD___ _115_
e'

37.1
4 so 3 8

1942-1943 987 OCO 98 52.2
1943-1944 926 000 92 30.5
1944-1945 3. 435 000 143 ..4,6412.,_

56 05 YEARS AVERAGE 1 105 000 110
1945 1946 1 156 000 113 57.1
1946-1947 1 031 000 105 33.7
1947-1948 3. 019 000 101 53.5
1948-1949 685 000 68 22.5
1949-1950 1 022 OCO 102 4

32.0
is3.2_3

5 YEARS AVERAGE 978 000 97
1950-1951 1 022.000

1 132 000
102_
113

53.,4,___
1951 1952 57.0
1952-1953 A22 000

917 000
976 000

62

91
97

20.5_
50.01953-1954

1954-1955 51.9
5 YEARS AVERAGE 954 000 93 30.5
15 YEARS AVERAGE 100 52.8

1955-1956 1 294 000 129 42.5
1956-1957 1 195 000 119 39.1
1957-1958 948 000 94 31.0
1958-1959

1959-1960

5 YEARS AVERAGE

MAXIMUM 1 435 000 10
62

46.9
MINI MUM 622 000 20.3
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TABLE VII.

ANNUAL RAINFALL

Catchment area 86 Sq. miles

HYDROLOGICAL

RAINFALL

YEAR
1/11-31/10 ACRE FEET

%OF
MEAN

INCHES

1940-1941 2 0..
262 000

_105
128

474
1941-1942 57.8
1942-1943 166 000 81 " 13____

'1943-1944 143 000 70
1944-1945 233 000 114 51 i

5 YEARS AVERAGE 204 000 1Q0 45..û
1945-1946 251 000 122 55. 4
1946-1947 243 000 119 _53a_
1947-1948 203 000 99 44,8
1948-1949 136 000 66 30.0
1949-1950 218 000 106 48.1

5 YEARS AVERAGE 210 000 102 46.4.
1950-1951 240 000 117 53.0
1951-1952 246 000 120 54.5
1952-1953 181 000 88 39.9
1953-1954 278 000

164 000
87
80

39.4_
36.21954-1955

5 YEARS AVERAGE 202 COO 98 44.5
15 YEARS AVERAGE 205 000 100 45.2

1955-1956 285 000 139 62.9
1956 1957 259 000 117 52.8
1957-1958 198 000 97 43,7
1958-1959 195 000 94 42.6
1959-1960

5 YEARS AVERAGE

MAXIMUM 285 000
1 000

139
66

62.9
'0.MINIMUM
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:Lm.Jrf 1/II

ANNUAL RAINFALL
liasi River to Old Gt.North Road

Catchment area 30 Sq. miles

HYDROLOGICAL

RAINFALL

YEAR
1/11-31/10 ACRE FEET

%0F
MEAN

INCHES

1940--1941
82_000___ 106 51.5

65.8- i941-1-9-42 102 000 132
1942-1943 59 000 77
1943-1944 49 000 64 30.6
1944-1945 108 000 140 7lab

5 YEARS AVERAGE

atIMONOISIMMAIPIP

80 000 1
1945-1946 95 000 125 59a4_____

1946-1947
1947-1948

92 000
74 000

119 57,5__
96 46.5

1948-1949 50 000 65 31
1949-1950 80 000 104 50 0

5 YEARS AVERAGE 78 000 101 48.9
1950-1951 90 000 117

119
68

560_1
57.5

1

32 5
1951-1952 92 000
1952-1953 52 000
1953-1954 65 000 82 39.4
1954-1955 70 000 91 450._

5 YEARS AVERAGE 73 000 95 45.9
15 YEARS AVERAGE 77 000 100 48.2

1955-1956 105 000 156 65.7
1956-1957 94 000 122 58.8
1957-1958

1958-1959
1959-1960

5 YEARS AVERAGE

MAXIMUM : IIII II
4. e e ll

.140 _67.5
MINIMUM Ansans
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TABLE VII

ANNUAL RAINFALL
tong Gt NgarthaQad

Catchment area Sq miles

HYDROLOGICAL

YEAR

I

1111-31110

RAINFALL

ACRE FEET
%OF

MEAN
INCHES

1940-1941 000 _106_

120
554
60.41941-1942 103 000

1942-1943 64 000 74 37:5_
1943-1944 59 000
194-1945 122 000 142 71s5

5 YEARS AVERAGE 102 La.
59,21945-1946 117

1946-1947 I S I S 1,....24

99

62,7
49,8_
33114

1947-1948

1948-1949 01 66
1949-1950 105

.___

52 8
5 YEARS AVERAGE Z' it II IIIIflfl

62 000
69 000

102
109

51.6
55.1_1950-1951

1951-1952
1952-1953

122

72

80

61.6

40:4_
1-8.7

1953-1954
1954-1955 83 000 97

5 YEARS AVERAGE taila.
50.4

.9.6.......48.is
15 YEARS AVERAGE 86 000 100

1955-1956 13.1 000 129 65.1
1956-1957 96 000 112 56.3
1957-1958

1958-1959

1959-1960

5 YEARS AVERAGE ...................

ç

1.

MAXIMUM 22 OM _142 __7145_____
MINIMU M (2,99......61_,_ at__
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TABLE VII

ANNUAL RAINFALL
...... to

Catchment area 56 Sq. miles

HYDROLOGICAL
RAINFALL

YEAR

i

1/11-31/10 ACRE FEET
%OF

M NEA

INCHES

1940-1941 1O&000
108 000

206
108

5B02
56.5

_41.2_
41.2
75,6

1941-1942
1942-1943 80_01X) 80
1943 1944 79 000 79

1451944-1945 145 000
tea5 YEARS AVERAGE 104 000 104 D4.0

1945-1946 114 000
1946-1947 126 000 _126

99
69

102

_65.Y__
51.6
$6.0
55.2

1947-1948 99 000
1948-1949 69 009

102 0001949-1950

5 YEARS AVERAGE 21(70 000 _102 :53- 2
1950-1951 108 000 1_08

122
3564t5

1951-1952 122 000 65.6_
57.5_1952-1953 72 000

86 000
72
661963-1954 44.6

47.41954-1955 91 000 91
5 YEARS AVERAGE 9ffissa 96 49.9
15 YEARS AVERAGE 00 000 100 52.1

1955-1956 _129 000 129 67.2
1956-1957 144 000 144 75.0
1957-1958
1958-1959
1959-1960

5 YEARS AVERAGE

MAXIMUM 14500.0 145
,

_75.6
MINIMUM 69 000 69 56.0
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TABLE VII

ANNUAL RAINFALL
River to. _1Luue,gu uen.ce

Catchment area 15442 Sq miles

HYDROLOGICAL
YEAR

I

1/11---.31/10

.1940-1941

RAINFALL

ACRE FEET
";OF

MEAN
iNCHES

4 $ 000_602 _94
10

9

9

494_3

53.7
5007
48.9

-

1941-1942 44 180 000
1942-1943

41_755 000
4Q 274 000194:-! 1944

1944-1945 58 385 000 2.55 ..nesna
5 YEARS AVERAGE 45 039 000 104 54

1945-1946 38 775 000 90 4

1946-1947 661 000 115__49 60.3
1947-1948 43 240 000 100 52.5
1948-1949 31 800 000 73 8.
1949-1950

ii II to a.
1

5943
5 YEARS AVERAGE A 2 0 Oes jars eallOSIONSOMON 1

1950-1951 45 800 106_......_000___ _ _550_6_-
1951-1952 53 532 000 124 65.0
1952-1953 55_ 172 000 77 4003

.

1953-1954 35 650 000 82 4303
1954-1955 43 320 000 100 52 6

5 YEARS AVERAGE 42 COO 98,2,.95 51.4
15 YEARS AVERAGE A 261 000 100 52.6

1955-1956 60 553 000 140 7305
1956-1957 45 040.00* 106 5509
1957-1958 44 802 no 104 34.21....__._
1958-1959 32 813 000 16 32_.9
1959-1960

milwerresaDelenallealIIMMIP.

5 YEARS AVERAGE
s.`111nEttalliSS. NIVIOSSJAWACJUISIMMIVIIMMIONIIIIN ea etteleMla

atIMOSOMIgainaleaStaseaShliaggenaPONifirinliteriperaancentiOTI 0084nownaestanntawain0

MAXIMUM 0 53:3 DO 14D ,73.05_____
MINIMUM 31 800 000 73 38._6__
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TULL' VII

ANNUAL RAINFALL
_......L. ....... ...... ta.Kibaoni &2a

Catchment area 165 Sq. miles

RAINFALL

HYDROLOGICAL
YEAR

1/11-31/10 ACRE FEET
%0F
MEAN

INCHES

1940-1941 OCO_574 _1_00_ 65._3___
1941-1942 646 000

551 000
112

96 62.61942-1943
1943-1944 507 000 88 57.6
1944-1945 734 000 127

5 YEARS AVERAGE 602 000 105

89

..:

58 21945-1946 512 000
1946-1947 616 000 10'7 '70

1947-1948 I 607 000 105 6! 0
1948-1949 455 000 76 ' 9 5
1949-1950 600 000 104 682

5 YEARS AVERAGE 554 000 96 63.0
1950-1951 554 000 _96 63.0
1951-1952 718 000 125 81.6
1952-1953 636 000 110 72.3
1953-1954 474 000 82 53.9

55.01954-1955 i:4 000 84
5 YEARS AVERAGE

15 YEARS AVERAGE

57j000 99 652
576 000 100 65.5

1955-1956 660 000 115 75.1
1956-1957 532 000 92 60.5
1957-1958 9 000 94 61.5
1958-1959 0 000 87 57.0
1959-1960

5 YEARS AVERAGE

MAXIMUM227_ 83.5
MINIMUM 1-134-435 ro_4,..:75..........2,,A.
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TABLE III

ANNUAL hAINFALL
MaifimilQinbert.C.onfluenee

Catchment area 6E3t5 Sq. miles
t =Eta.

R AINFALL

HYDROLOGICAL
,

YEAR
1/11-31/10 ACRE FEET

%0E-

MEAN INCHES

1940-1941 2 180 °Oat 1o7 59.40_9_

- 1941-1942 2 412 000 118 662
1942-1943 2 257 000 111 62.0
1943-1944 1 829 000 90 50.2
1944-1945 5 035 000 149 ....8,304.

5 YEARS AVERAGE 2 343 000 115 64. 5
1945-1946 1 910 000 94 52.5
1946-1947 2 260 000 111 62.1
1947-1948 000_2_202 108 60.5
1948-.-1949 1 229 000 60 33.7
1949-1950 2 046 000 100 56 2

5 YEARS AVERAGE 1 929 000 95 55 0
1950-1951 1 774 000 87 48.7
1951-1952 2 708 000 133 74.4
1952-1953 1 658 000 81 45.5
1953-1954 1 602_ 000 79 . 4_44,9ni
1954-1955 3. 500 000 74 - 4/ 2.._....ash

5 YEARS AVERAGE 1 848 000 90 50.7
15 YEARS AVERAGE 2 040 000 100 56.0

1955-1956 2 447 000 120 67,2
1956-1957 1,916_000 95 53 4
1957-1958 2 262 0a) 111 62.1
1958-1959 1 765 000 86 48.4
1959-1960

5 YEARS AVERAGE
...............................

MA XIMU M j3Q3fiJyY 3.49 ß3.4
MINIMUM I 1 229 000 60 33.?
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TABLE VII

ANNUAL RAINFALL
River to _Proposed...Dasite

Catchment area .......... Sq. miles

RAINFALL
HYDROLOGICAL

YEAR

I/11-31/10 ACRE FEET
%OF

MEAN
INCHES

1940-1941 1 597 000 56.0
1941-1942 650 000 117 57.8
1942-1943 1_100 000

1 278 000
3,06

90

52.6
4 I1943-1944

1944-1945 2 0 so i

5 YEARS AVERAGE 3. 616 000 114 56 7
1945-1946 1 358 000 96 t

114

a 55.8arrwr!; 650000 60
99

298
49.1

1 565 000
1 200 OCO

96

85

474Q_
42.1_

61.91 766 000 125

1 164 000 82 40.8

1 141 000 81 40,0
1 070 000 76 57.5

1 268 000 90 44.5

4 6o00 3.00 49.7
1955-1956 1 586 000 12

95

55.1
47.21956-1957 1ß47 000

1 555 0001957-1958 110 54.5
1958-1959 1 147 OW 81 40.2
1959-1960

5 YEARS AVERAGE

oramsonamawsione...

MAXIMUM 2 056 000 14572_,J.
MINIMUM 850 000 60 pia_



- 152 -

1-2 ABLE VII

ANNUAL RAINFALL
'a. 1ÇjJinqj River to Proposed. Darnel te

Catchment area 475 Sq. miles

HYDROLOGICAL

RAINFALL

YEAR
1/11-31110 ACRE _FEET

%OF
MEAN

INCHES

1940-1941 L520 000 95 60.0
1941-1942 1 723 000 108 68.1
1942-1943 1 590 000 100 62.8
1943.-1944 1 520 000 95 60.0
1944-1945 2,055 000 129 81,2

5 YEARS AVERAGE 1 662 000 106 66

1945-1946 1 523 000 96 60.2
1946-1947 3. 574 000 99 62.2
1947-1948 1 512 000 95 59.7
1948-1949 1 328 000 85 52.5
1949-1950 1 7 000 112 70 5

5 YEARS AVERAGE 1 544 COO 97 61.0
1950-1951 1 505 000 94 59.4
1951-1952 1 911 000 120 75.5
1952-1953 1 380 000 87 54.5
1953-1954 3. 450 000 90 56,5.
1954-1955

AISININIMILM110111
1 556 000 98 61,4

IMMEMIMMIMIIIOSIORSINSOMMINNIONESSIIIILUSIMISSISIab

5 YEARS AVERAGE
L 1 556 000 98 61.5

15 YEARS AVERAGE
1

1 594 000 100 63,0.
1955-1956 1 985 000 125 78.4
1956-1957 1 581 000 99 62.4
1957-1958 1 460 000 92 57.7
1958-1959 1 300 000 a2 3
1959-1960

....................
5 YEARS AVERAGE ......................, INNIIMMISCSIMIIMINNINO

MOSIMMINSWIMMMIevasaNOAIIMIIMINP

MAXIMUM OLII4 3.29 Ls__
. MINIMUM 1 300 000 82 51.3
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Mai VII
ANNUAL RAINFALL

--....-.11Thange,_ River to......aera_Confluence

Catchment area 1010 Sq. miles

HYDROLOGICAL
YEAR

1/11-31/10

RAINFALL

ACRE FEET
%OF

MEAN
INCHES

1940-1941 .2__160 000 n Aoa
1941-1942 3 528 000 120 65.5
1942-1943 2 70A_ 000 92 50,2 _

1943-1944 2 677 000 91 49.7
1944-1945 4 072 000 138 75.6

5 YEARS AVERAGE 3 028 000 105 5_06 2................
1945-1946 2 941 000 100 54.6
1946-1947 2 965 000 NO 5,O
1947-1948 2 876 000 97 55,4
1948-1949 2 489 000 84 46,2
1949-1950 5 005 000 102 55.8

5 YEARS AVERAGE 2 855 000 97 53.0
1950-1951 2 532 000 86 47 0
1951-1952 3 975 000 155 75.8
1952-1953 2 424 000 82 45.0
1953-1954 2 7a6 000 92
1954-1955 3 176 000 108 . 59.0

5 YEARS AVERAGE 2 967 000 100 55 1
15 YEARS AVERAGE 2 950 000 100 54.8

1955-1956 3 819 WO 129 70.9
1956-1957 Z. 243 000 110 6Q,2
1957-1958

1 2 790 000 95 51.8
1958-1959 I 2 487 OCO .84 46.2

,

1959-1960

5 YEARS AVERAGE

MAXIMUM _000 155 75,6
MINIMUM

Vira
2 160 000 73

+
40.1
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TABU VII

ANNUAL RAINFALL
to....S.msad._12anatte

Catchment area 910 -Sq. miles

HYDROLOGICAL

RAINFALL

YEAR
1/11-31/10

1 %OF
ACRE FEET

MEAN
INCHES

1940-1911 1 985 000 73 40.9
1941-1942 3 596 000 131 79,1

51.5
510_

1942-1943 2 500 000 91

901943-1944 2 475 000
1944-1945 34 0J0 141 79.5

5 YEARS AVERAGE 2 881 000 105 59.4
1945-1946 682 000_2 98 55.5
1946-1947 2 771 000 101. 57 1
1947-1948 2 660 000 97 54.8
1W48-1949 2 247 000 82 46.5
1949-1950 2 830 000 103 58.5

5 YEARS AVERAGE 2 638 000 96 54.4
1950-1951 OW

3 512 000
85 47.7

1951-1952 128 72.4
1952-1953 2 261 000 85 46.6
1953-1954 2 460 000

2 917 000
90 50J

60.11954-1955 107

5 YEARS AVERAGE 2 693 000 98 55.5
15 YEARS AVERAGE 2 737 000 1C0 56.4

1955-1956 1A27 000 125 70.?
1956-1957 2 961 000 108 61.0
1957-1958 2 596 000 95 53.5
1958-1959 2 305 000 84 47.5
1959-1960

5 YEARS AVERAGE

3 848_000 141.

....71

,-

794.3

4Q.2.--

MAXIMUM

MINIMUM Latt, 000
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TPBt...!, VII

ANNUAL RAINFALL
itveara River to Ruhuji Confluence

Catchment arca 2652 Sq. miles

HYDROLOGICAL
Y EAR

1/11-- 31/10

H w.,........................

RAINFALL

ACRE F EET
%OF
MEAN

INCHES

1940-1941 7 465_ so 97 52.8
61.11941-1942 8 640 000

SS,

13.2
1942-1943 14__________s5_6s5

93 50a1943-1944 7 155 000
1944-1945 11 265 000 i?

111
797
60.15 YEARS AVERAGE

1945--1946

8 500 000
7 3.77 000 93 50.1_

1946-1947 7 918 000 103
95

56.0
51.41947-1948 7 267 000

1948-1949 5 428 000 73. 38.4

0..5
51.0

.....60.81949-1950 8 593 000 112
95

Ti.
5 YEARS AVERAGE 2 000

'7 217 0001950-1951

1951-1952 8 986 000 117 630
43.61952-1953 6 168 000 80

1953-1954 6 503 000 85 46.0
1954-1955 7 509 000 98 53J.

5 YEARS AVERAGE 7 277 000 95 51,5
15 YEARS AVERAGE 7 685 000 100 54,4

1955-1956 10_163 000
7 781 000

132 71.9
1956-1957 101 55.0
1957-1958 '7 490 000 97 53.0
1958-1959 5 742 000 75 40.6
1959-1960

5 YEARS AVERAGE

,....

MAXIMUM I 11 263 000 I 147

I 71

79.7
38.4rammum LS= OCO
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TABLE VII

ANNUAL RAINFALL
linyera River to Pnpose.d. Damsite

Catchment area 2264 Sq miles

HYDROLOGICAL

- IINSIX MIINOMOPINIIMI

RAINFALL

-

YEAR

011-31/10 ACRE FEET
%OF

MEAN
IN CHES

1940-1941 6,325 000 98_ 52.4_.
1941-1942 7 580 000 115 62.8
1942-1943 6 631 000

6 265 000
101

95

147

111

0

51 9
QQ 1

60.4

1943-1944

1944-1945 9 665 000
7 292 0005 YEARS AVERAGE

145-1946 6_22_7___000 95 51R
1946-1947 6 718_ 000

6 294 000
102

96

__155.2_____

52.21947-1948

1948-1949 4 663 000 71 58.6
1949-1950 7 143 000 109 59.2

5 YEARS AVERAGE 6 209 000 94 51.4
1950-1951 6 077 000 92 5QJ.

64J1951-1952 7 746 000 118
1952-1953 5 361 000 81 44.4
1953-1954 5 572 000 85 46.2
1954-1955 8 454 000 98 53.5

5 YEARS AVERAGE 6 242 000 95 51.7
15 YEARS AVERAGE 6 581 000 100 545

1955-1956 9 261 000 141 76.7
1956-1957 6539 OM

6 290 000
99 54.2

1957-1958 96 52.1
1958-1959 5 024 000 76 41.6
1959-1960 s.

5 YEARS AVERAGE

MAXIMUM 9 663 000 147 80.1
MINIMU m 5 000 71 386
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TABLE VII

ANNUAL RAINFALL
Kigogorlinalm River

Catchment area 004 Sq. miles

HYDROLOGICAL

.............

RAINFALL

YEAR
1111 31110 ACRE FEET

3Q_

%F O

MEAN

120
_rnaran-..40

INCHES

1940-1941 474
63.6
Rd_
5 _A__
77.5
59 1
1.2

1941-1942 2 517 000
1942-1943 i 975 000 102
1943-1944 1 924 000 100
1944-1945 2 825 000 ..tsp

WPM5 YEARS AVERAGE 2 154 000
1945-1946 1 866 OCO
1946-1947 1 912 000 99 52.4
1947-1948 A. _902 On

1 461 0001948-1949 76 40.1
1949-1950 :0 000 54.3

5 YEARS AVERAGE i 824 000

i 714 000 89

50.0
41,0 . i

165.3 1

1950-1951

1951-1952 2 Z2000 123
1952-1953 37.6
1953-1954 i 607 000n 83

It
4400 '.

1954-1955 54.8
5 YEARS AVERAGE Ise 9' 49.7
15 YEARS AVERAGE 9 1 000 100 52.9

1955-1956 2 575 IA
112

1
1956-1957 16_8 On..2 59.5
1957-1958 2 375 000

1 375. 000
123

73.

65.1
37.71958-1959

1959-1960

5 YEARS AVERAGE

MAXIMUM 2 825 000 146 7705
MINIMUM 1 371 000 71 37.6



- 158 -
TABLE VII

ANNUAL RAINFALL
lifietett.Rualta River torigogrodluaba....C.onfluence

Catchment area 1002 Sq. miles

HYDROLOGICAL

YEAR

RAINFALL

1/11----31/10 ACRE FEET
%)OF

MEAN
INCHES

1940-1941 67 000 92 48.0.
1941-1942 5 313 000 119 62.0
1942-1943 2 501_000 90 _46.8
1943-1944 2_ 830 000 102 52.9
1944-1945 ASPISPO 141 75.0

5 YEARS AVERAGE .44 000 110_ 56 9_Th....

1945-1946 2 662_000__. 96 49.9
1946-1947 2 672 000 96 50,0
1947-1948 2_ 739 000 98 51.1
1948-1949 2 140 000 77 40.1
1949 1950 2.01.7,000 104 54.0

5 YEARS AVERAGE 2 619 000 _P4 49.0
1950-1951 2 600 (10_0___. ....94 ...48.7__
1951-1952 3 260 DDO 11 610___
1952-1953 2 44 000 88 45.7
1953-1954 2 405 000 87 45.0
1954-1955 67 000 96 499

5 YEARS AVERAGE .Q....ga 96 501
15 YEARS AVERAGE 2 779 000 100 52,0

1955-1956 5_04 000 125 65.0
1956 1957 2 334 000 84 45.7
1957-1958 2 832 000 102 53.0
1958-1959 1 951 000. 70 36.5
1959-1960

eitaitlinyalissanalaillYr SeirselhOSSOotannistallint

5 YEARS AVERAGE
........................ ISINPOISNaIleallaillaNIS

ninrOvinemsrliniellonalarlilliSliellebilliimittalitsin ignalianaloirmainowni

M'AXIMUM I 4 008 oJ1,4A 75.0
MINIMUM JJ 9jßLJ(J J70 36.5
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TABLE VII

ANNUAL RAINFALL
1Ci.gagatRatahae.....River to..Pragased....Da.matte.

Catchment area 529 Sq. miles

HYDROLOGICAL

RAINFALL

YEAR

01-31/10 ACRE FEET
%OF

MEAN
INCHES

1940-1911 116_ 0.1.1._ _82, 59.6
1941-1942 1 770 000 129 62.8_
1942-1943 3. 369 000 100
1943-1944 1 398 000 102 49.6
1944-1945 2 012 000 14'7 71

1 533 000 112 544.
_2_362 OCO

1 a92 000
1 322 000

100
94

48.15_
45._8___

97 46.2_
38.6Oas 000

362 000
80

ZUl 100 48.5
1 285 000 94 456
1 203. 000 88 42.6
1 752 000 128 62.1

9 OJI 6B 52.8rma _i_ 1412_ 000

406 000
85 40.5

105 49.9
94 45.6

. 00flfl 48.5
59.81955-1956 1 687 000

1956-1957 1_622_000 _17.5
1957-1958 1 755 000 62.2
1958-1959 CM 000 57.0
1959-1960

5 YEARS AVERAGE

MAXIMUM 2 012 000 147 71.4
32 8MINIMUM 925 000 68
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TABLE VII

ANNUAL RAINFALL

allIONNIIINISIIIIINI

RAINFALL
HYDROLOGICAL

YEAR

..,

1/11-31/10 ACRE FEET
ILOF

mEAN INCHES

i 1940-1941 88 01:10 _26 42.3
1941-1942 142 000 122 68.3
1942-1943 107 000 92 51.5
1943-1944 127 000 109 61.1
1944-1945 io 000 1M 7

5 YEARS AVERAGE 124 000 107 59.6
1945-1946 112 000 97 53.9
1946-1947 116 COO 100 3_5.8
1947-1948 105 000 91 50.5
1948-1949 91 000 78 43.8
1949-1950 120 000 103 57.7

5 YEARS AVERAGE 109 000 94 52.4
1950-1951 ice 0_ 0_0_ 93 51.9
1951-1952 144 000 124 69.5
1952-1953 96 000 83 46.2
1953-1954 95 000 80 44.7
1954-1955 la. 114 63.5

5 YEARS AVERAGE 1M 000 99 5501
15 YEARS AVERAGE 000 100 55.8

1955-1956 128 000 110 61.5
1956-1957 1130_000 112 62.5
1957-1958 142 000 122 68.3
1958-1959 MAX188 38.0
1959-1960

5 YEARS AVERAGE

MAXIMUM 155 000 134 .74.6
MINIMUm 79 000

1

68 38.0

.......111421 River to..........RE14144...i.g.2110atenee

Catchment area 39 Sq. miles
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TABLE VII

ANNUAL RAINFALL
..... River to Livalonga..Bridge

Catchment area 24 Sq. miles

HYDROLOGICAL
YEAR

1/11-31110

RAINFALL

ACRE FEET
%

MEAN
INCHES

1940--1941
AIIMIONISNOND1010 WMOVISSS1011

51 000 77

129
39.9_
66.41941-1942 85 000

1942-1943 .2 000 94
1021943-1944 67 000

1944-1945 95 000 144
5 YEARS AVERAGE IA e

63 000 95 49.21945-1946

1946-1947 61 000 92 7S7.
44.6_1947-1948 000_

54 000
86

1948-1949 82 42.2
1949-1950 66 000 100 51 6

5 YEARS AVERAGE 60 000 91 47.0
1950 1951 60 000

90 000
91 4.e.a

1951-1952 136 70.4
51 000 77 39.9

1953-1954 56 _000
77 000

:
117

4$..8
1954-1955 60.2

5 YEARS AVERAGE 67 OCO 101 52.5
15 YEARS AVERAGE 66 000 100 51.6

1955-1956 7_5_600 115 58.9
1956-1957 77 500 117 60.5
1957-1958 4. 85 700 150
1958-1959 46 300 70 56.2
1959-1960

5 YEARS AVERAGE .....................

MAXIMUM 00 a 144_
MINIMUM

1-95-
46 000 .22........K.aa_



-162-
. TABLEE VII

ANNUAL RAINFALL
River to_...........Propos.ed...Damasite

Catchment area .......... Sq. mites

HYDROLOGICAL

YEAR

1/11-31/10

RAINFALL

ACRE FEET
%0F

MEAN

........

INC.HES

....

"MUM "F 111111011~11111113111111100

----- 1940-1941
n_

44 000 76
1941-1942

_

74 000 128 86.1
1942-1943 54 000 93 48.2
1943-1944 56 000 97 50.0
1944-1945 84 000 145 .....2§..a....

5 YEARS AVERAGE 2 000 wararsonantafa
1945-1946

4 000 93 48,2
1946-1947 000 91 47.4--
1947-1948 000 84 4.5._8______

1948-1949 47 000 81 42.0
1949-1950 58 000 100 51.8

5 YEARS AVERAGE jflii ......10.....AL6--
1950-1951 2 000 90 46.5
1951-1952 77 000 135 68.8
1952-1953 47 000 81 42.0
1953-1954 0Q0_50 6 .___44.7

e_
1954-1955 66 000 114 594o

5 YEARS AVERAGE 58 000 101 51.8
15 YEARS AVERAGE 58 000 100 51,8

1955-1956 65 000 112 58.1
1956-1957 67 000 116 59.9
1957-1958 28 _am.
1958-1959 11111n 71____ 36.61959-1960

5 YEARS AVERAGE
101fl1090611aalest IrtiNnialoOMMISMOISIMIINOSIMINIP

OCIMMOIMeillIMMUSNSIEDIEI eanaullISSIMINAmsmivamISMINT

MAXIMUM 84 000
1 14:5_ 75.0

MINIMUM 41 000 L.s_



- 163 -
TABLE VII

ANNUAL RAINFALL
_River to....1(wer.a....QQatkence

Catchment area._.... _ 5512 Sq. miles

HYDROLOGICAL

RAINFALL

YEAR
1111-31/10 ACRE FEET

7100F

MEAN
INCHES

1940-1941 8 209_000_ _96 46.5_i
1941-1942 8 903. 000 104 50.4
1942-1943 8 459 000 98 47.8
1943-1944 7 665 OCO 89 4504
1944-1945 12 591 000..,,S....1002

5 YEARS AVERAGE 9 121 000 a 51.7
1945-1946 7 857 000 91 44.5
1946-1947 9 33.7 000 109 52.8
1947-1948 8 107 000 94 45_._9

1948-1949 6 588 000 77 37.5
1949-1950 8 517 000 99 ......18.a..1

5 YEARS AVERAGE 8 077 000 .....2.4...,....45..ILsi
1950-1951 7 789 WO 9.1.. _ . 44.0 1

1951-1952 11 299 000 152 64.11_
1952-1953 7 126 OW 8$_ 40.4
1953-1954 7 750 000 90 45.9
1954.1955 : :52 000

joo
, 1Q3__.kOsalrs

48.55 YEARS AVERAGE 8 565 000
15 YEARS AVERAGE

I
8 587 000 100 48 6

1955-1956 2 080 000 141 684
1956-1957 13. 271 000 131 65.8
1957-1958 8 982 000 _105 ___5(9____
1958-1959 7 490 000 87 424
1959-1960

5 YEARS AVERAGE
ssrasamaanamasant iNNONO110.11101111111011CASSMINIMII

MAXIMUM 2 591_000. _144 7D.2__.--
MINIMUM 6 588 000 77 57 3
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TABLE VII

ANNUAL RAINFALL
...... to Prompsed Damsite

Catchment area ...... Sq miles

HYDROLOGICAL
RAINFALL

YEAR
1/11--31/10 ACRE FEET

%0F
P AEA N

INCHES

1940-1941 8_161 OM _26 4607 .

1941-1942 8 827 000 104 504_5

1942-1943 8 581 000 98 48,O
1943-1944 7 600 000 89 4
1944-1945 12_29'? OCO 144 70.4

5 YEARS AVERAGE 9 055 000 106
1945-1946 000 91 i j,

1946-1947 9 OCO.255 __109_ , e

1947-1948 8 040 000 94 46.0 i

i

1948-1949 - tto
1949-1952..n 000 99 ,

_ .

5 YEARS AVERAGEJLaaso. Maa...
1950-1951 7 726 000 91 44.1_
1951-1952 $ il 152 6402____
1952-1953 06 7_7_ _WO 85 40.5
1953-1954 7 690 000 90 44.0
1954-1955 8 786 000 105 50.5

5 YEARS AVERAGE 100....e.in 48.6
15 YEARS AVERAGE 48.7...8 .52.900.9._190

1955-1956 998 000 141 68.?.11
1956-1957 11 155 000 151 65.8
1957-1958 p 025 000 94 45.9
1958-1959 '7

595_0_00..
87 _42.5

1959-1960
..................................

5 YEARS AVERAGE
11111~tleSiMalaNSIMINS OPMNItSr4

4:41111111011.11011/MilleillIIIIIMS, MIONOtaillataN11111111NnOnIMIMPONN

mAximum 7_0_00 144 70.4
PAINIMUM 6 533 000 77 37 ..4
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.1 VII

ANNUAL 'RAINFALL
Ruh-Eiji .River to. al.3,1 Cont ...............

Catchment crea 1.8:17 Sq. miles

HYDROLOGICAL
YEAR

I

1/11-31i10

"MIMIIMINNINIIIIINIMMIIMIAIIFetrl

RAINFALL

ACRE FEET
%OF

MEAN
INCHES

1940-1941 1145 000 96 51.2
1941-1942 5 526 000 103 56,3.
1942-1943 5 615 000 105

:.
0

1943-1944 a 000
1944-1945 7 386 000 138

5 YEARS AVERAGE 5 644 000 106 571
1945-1946 87 47.0
1946-1947 6 107 000 114

96
62.0
32.01947-1948

1948-1949 4 4_ coo 78

'8
42.1
..:1949-1950

5 YEARS AVERAGE 0 000 9
1950-1951 000_. 92 A9s8__

72,01951-1952

1952-1953 4 554_000
A In

517 000

81

92_._

105

4400
1953-1954 _50.0

56,01954-1955

5 YEARS AVERAGE $5 000 100 54 4
15 YEARS AVERAGE 5 47 000 3.00 54.5

1955-1956 7_486 000 140
116

76.0
1956-1957 6 226 OCO 65.2
1957-1958 5 024 000 94 51.0
1958-1959 4 .906 On 92 49.8
1959-1960

5 YEARS AVERAGE

*MS,

MAXIMUM 7 486 000
4 354 000

240
ARIMItIa

70.0
MINIMUM 81 44, 0
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TABLE VII

ANNUAL RAiNFALL
...... to tubnii....g.Quancnce

Catchment area ..... Sq miles

HYDROLOGICAL

YEAR

VI I-31/10

RAINFALL

ACRE FEET
%OF

MEAN
IIVCHES

1940-97941 290_000_ 95 _0.9_
1941-1942 2 580 000

____.

99 47.6
1942-1943 1 990 000 85 59.8
1943-1944 2 540 000 97 46.8
1944-1945 5 500 000 145 70 0

5 YEARS AVERAGE 2 CO 000 104 500
1945-1946 2 540 000 97 46.9
1946-1947 2 890 000 120 57.9
1947-1948 2 540 000 97 46.9
1948U149 1 900 000 79 58.0
1949 1950 2 550 000 105 5007

5 YEARS AVERAGE 2 400 000 100 48.1
1950-1951 2 i .4' .. DQQ. 101 ___48_,48
1951-1952 :0 **0 24 59.7
1952-1953 _1 720 000 71 __HA
1953-1954 1 900 000 79 58.0
1954-1955 2 600 OW 108 52.1

i.

5 YEARS AVERAGE 2 528 000 97 46.6
15 YEARS AVERAGE 2 409 000 100 48.2

1955-1956 5 0450 000 127 614
1956-1957 2_ 910 000 121 58.5
1957-1958 2 750 000 114 55.1
1958-1959 :00 so 5 56.0
1959-1960

.01110111MMINSINNOMISIIIIMINV

5 YEARS AVERAGE
MUSINSIIIONINIMINIIIIIIIN

ICSMNINIMMASAVIIIMMINinalINISACOCIWPINIMMI IMITIOISMinalinninlenenele0111111011M0

MAXIMUM 5 500 000
I

145 J 70.0
MINIMUM 1 800 000 n 5120_
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TABLE VII

ANNUAL RAINFALL
DN.= River to e

Catchment area 10156 Sq. miles

HYDROLOGICAL
RAINFALL

YEAR
1/11- 31/10 ACRE FEET

140F
INCHES

1940-1941 20_ 24-0 000
23 440 000

_9
112

'37.2
1941-1942 43.3
1942-1943 17 670 000 85 32
1943-1944 19 500 000 93
1944-1945 24 580 000 118 45 4

5 YEARS AVERAGS 21 066 .000 101 38.9
1945-1946 18 200 000 87 3,.6
1946-1947 27 330 000

22 744 000
131

109

50.5
42001947-1948

1948-1949 16 630 000 80
118

0,7_
45 41949-1950 24 550 000

5 YEARS AVERAGE 21 891 000. 105 4O4
1950-1951 20 258 000 97 _37.4

40,71951-1952 2 010 000 105
1952-1953 16 080 000 77 29.7

35.41953-1954 170 000 92
1954-1955 20 800 000 100 38.4

5 YEARS AVERAGE 19 0.4.000 94 36.3
15 YEARS AVERAGE 20 873 000 100 38.6

1955-1956 31 520 000 153. 58.2
1956-1957 21 776 DUO 104 40.2
1957-1958 000 87 33 7
1958-1959 658 000 85 32O6

1959-1960

5 YEARS AVERAGE

-IIIIISMINSAMPO8.IONYONSNINNIMINMA XIMU M 33. 520 000 151 52 1

MINIMUM Vi 000 77 29.'7
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TABLE VIII

ANNUAL AVERAGE and SPECIFIC RUNOFF

at
THE RUFIJI BASIN SURVEY GAUGING STATIONS.

The Table also contains Runoff Contribution fran
Partial Sub-Catohments between Established Stations.

Qm

A

Catchment Area, Sq. Miles.
Average Annual Runoff for the 15-Year Period
1940/41 to 1954/55, Acre Peet,

Specific Runoff, Acre Peet per Sgaile per Year.

GREATa
A

Mswiswi to Old Great North Road 36

Mambi to Old Great North Road 32

Liosi to Old Great North Road 30

Chimala to Chimala 85

Great Ruaha to Great North Road 328

Kimani to Great North Road 173

Mlombosi to Igawa 95
Mbarali to Igawa 619

Mbarali to Rujewa Parca 762

Edfference Rujewa - Tgawa, Mlombosi 48

Ralali to Iyayi U/S 184

ROkuni to Iyayi 118

Halali to Iyayi D/S 302

Halali to Tunduma 377
Difference Tunduma - Iyayi 75

Ralaii to Majojolo 1014

Difference Majojolo - Tunduma (Ipwani) 637

Differenoe Majojolo - Iyayi 712

Ndembera to hongo 404

Ndembera to Madibira 707

Difference Madibira a Ilongo 303

255

246

252

241

200'

202

179

181

235

208

172

47 000
29 000

76 000

91 000
15 000

205 000

114 000
129 000
95 000

147 000

52 000

A

37 600 1044

35 500 1100

32 800 1093

76 000 894

238 000 726

134 000 775

35 000 368

357 000 577

402 000 528

lo 000 208
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TABLE VIII

Sub-Catchment A Qin

A

Great Ruaha to Mkopule 7 700 1 346 000 175

Difference Mkopule and above rivern
to lowest gauging point 4 533 38 000 8

Little Ruaha to Southern. Highlands Club 293 116 000 396

Little Ruaha to Twawa 645 265 000 411

Difference DNawa - S.R. Club 352 149 000 423

Mtitu to Mtitu Bridge 172 82 000 477

Little Ruaha to Ihimbu 957 394 000 412

Difference Ihimbu - Iwawat Mtitu 140 47 000 336

Little Ruaha to Irintsa 1 127 444 000 394

Difference Iringa - raimbu 170 50 000 294

Little Ruaha to Tosamaganga 1 273 439 000 345

Difference Tosamaganga - Iringa 146 - 5 000 Minus

Little Ruaha to Mawande 2 005 465 000 232

Difference Mawande - Tosamaganga 722 26 000 36

Great Ruaha jo Kisilwa 13 844 1 500 000 108

Difference Kisilwa - Mkopule, Mawande- 4 139 se 311 00o Minus

Njambe to Isanga 2 457 44 000 30

Njombe to Ifumba 5 438 197 000 36

Difference Ifumba. - Isanga 3 981 153 000 45

Kisigo to Ilangali 3 413 94 000 28

Kisigo to Kinunguru 9 476 276 000 29

Great Ruaha to Mtera 26 254 1 655 000 63

Difference Mtera - LIcopule 18 554 309 000 17

Difference Mtera - Kinunguru,
Mawande, Mkopule I 073 -14432 000 Minus

Great Ruaha to Mbuyuni 28 774 1 712 000 60

Difference Mtuyuni- Mtera 2 520 57 000 23

Lukasi to Mtandika 1 117 410 000 367

Yovi to Eadizini Estate 25 24 goo 960

lbvi to Great Ruaha Confluence 243 74 000 305

Difference G.R0Confl. - Madizini 218 50 000 229

Great Paaha to Kidatu 30 905 2 386 000 77
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TABLE VIII

Sub-Catchments gat Q431sre
Difference Kidatu-- Mbuyuni

Difference Kidatu - Mbuyuni, Mtandikag
Tovi

KILOMBERO RIVER (1KB a STATIONS).

2 131

771

674 000

190 000

316

246

FUagi to Idege (Livalonga Bridge) 24 21 000 875
Kigogo-Ruaha to Frick's Bridge 511 284 000 556

Difference Fricke Bridge a Idege 487 263 000 540
Mnyera to Taveta 1 950 1 694 000 869
Difference Taveta Prick's Bridge 1 439 2 410 000 980
Ruhuji to MWayamalungu 3 294 2 257 000 685

Mpanga to Hpanga Mission 937 869 000 927

Kilombero to Mama 7 048 5 235 000 743
Difference Mama a Mpanga 114 Tanta,
and Mwayamalungu 867 415 000 479
FUrua to Malinyi 507 604 000 1 191

Sofi to Sofi Mission 62 44 000 710
Mchilipa to flete 114 36 000 316
Mgeta to Mahombe Mission 124 284 000 2 290

Lumemo to Kibaoni 165 312 ow 1 891

Kilombero to Ifakara 12 063 lo 560 000 875
Kilombero to Swero 12 915 11 092 000 859
Difference Swero e Mama 5 867 5 857 000 998
Difference Swero - Iftema, Rana
Sofa, Mchilipa, Mgeta, Lumemo 4 895 4 577 000 935
Luhombero at Ilonga 395 182 oco 461

RUFIJI RIVER ( 1K- STATIONS).

Rufiji to Stiegler's Gorge 61 106 18 050 000 295
Difference Stiegler's Gorge - Mat%
Sword 17 286 4 572 000 265
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ANNUAL RAINFALL IN INCHES COVERING THE CATCHMENT

COMPARISON BETWEEN ANNUAL RAINFALL AND RUNOFF
FOR SELECTED AREAS OF THE RUFIJI BASIN.





INTRODUCTION

To all concerned with construction work on,or living on a river, infor-
mation on floods is of great and often vital importance. The type and shape of
flood spates depends on the intensities and duration of rainfall, the area effected
by rain and besides this on the characteristics of the catchment, size, shape, slope
and water-retaining factors Buch as swamps, lakes, flooded areas, vegetation and
type of soil cover. There are, therefore, a great many factors operating toEether
which determine flood conditions.on a river, and if the detailed effects of all
these are known, typical flood hydrographs can be established. For understandable
reasons the preliminary reconnaissance survey of the Rufiji Basin could not go into
flood studies in such detail, and this chapter, therefore, summarizes only what is
known about floods in the Basin UD to the present date. It is hoped that compila-
tion of flood data will continue and that reliable hydrographs will be established
for floods in the future, which then will show the 'combined effects of the above
mentioned factors.

FLOOD RECORDS

The highest floods observed each year during the period of survey are
listed, with dates of observation, on the Discharge and Runoff Summary Sheets,
Tables V in the previous chapter. The maximum water levels observed are given in
part 2 of this report. These records cover only a very few years and they are not
comprehensive enough for detailed flood studies. On some of the rivers the highest
recorded flood is thought to be comparatively high arid olose to what can be con-
sidered as a "design flood", but it can generally be said that higher flooas than
were observed during these few years can and will occur in the future. High floods
were observed on rivers from the Kipengere Mountain Range in 1959, and the Mbarali
was especially high.

On the Great Ruaha there was a high flood in 1936. At Mtera the maximum
peak was reported to be 6 feet above the roadway level. (Recorded by Mr. F.M.Coster,
Engineerina Geologist. VID and ID). This corresponds to approximately 39 feet on
the present river gauge and a discharge of about 160 000 =zees.

On the Lower Rufiji some early flood information has been extracted from
old Agricultural Department Reports, and there is evidence that floods sufficiently
great to endanger human life occurred during the last century. One high flood is
said to have caused great changes in the river course about 1875 in the region north
of Utete. Another such flood, which caused a second change of course in the same
region is said to have occurred just after the German occupation of this area, about
1890. Floods which have occurred during. the present century are well remembered,
and are given special names, although the names may differ in Eifferent parts of
the valley.

The 1905 flood is known as "Faya". This is the local name for a machine
gun, and the flood is remembered by that name because natives saw oach a gun for the

first time in that year, in use during the "Maji-Maji" rebellion.

The 1917 flood is remembered as "Ndege" because natives saw airoplanes
for the first time that year. In parts of the delta it is called "Konombo" after a
steamer which entered far into the delta waters at height of the flood.

9. FLOODS
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The 1930 flood is called "Lilale" meaning famine, in memory of the
famine conditions which resulted from the floods.

The 1936 flood is known as "Ifakara" because a large canoe was swept
away from Ifakara and retrieved at Utete.

The 1937 flood is called "Kgoli Mwali". The native name of a District
Officer at that time.

On the Rufiji water level readings were taken at Mpanganya Experimental
Farm west of Utete, 1926 to 1938. Gauge zero is stated to be 151 below bank level,
and when this station was closed down a new gauge was set up at Zombe Experimental
Station, 12 miles east of Mpanganya. This station has records since 1939 but

unfortunately there is no overlap in the readings so they are not comparable.

The maximum recorded water level every year reached the following heights

Average minimum water level at Mpanganga is - 217" on the gauge and at

Zombe the gauge zero is stated to be at average minimum water level.

The District Agricultural Officer made the following observations on

flooding of the plains at different readings of the Mpanganya gauge.

2.1. Gauge Reading 6 ft. (8'7" in above tabulation)

No flooding takes place on any large area. of land, although small depressions are

flooded and form backwaters of the river.

1_21 Gauge Reading 7 ft. (9'7" in above tabulation)

Large areas of the lowlands are flooded, but not sufficient to harm standing crops.

above an average minimum water level:-

Mpanganya Zombe

1926 - 1019" 1939 - 11'4"
1927 - 1012" 1940 - 13110"
1928 - 9' 7" 1941 - 11'7"
1929 - 1211" 1942 - 13'4"
1930 - 15'7" 1943 - 11'2"
1931 - 1114" 1944 - 13'7"
1932 - 12'4" 1945 - 14'0"
1933 - 11'7" 1946 - 11'3"
1934 - 11'7" 1947 - 13'6"
1935 - 16/1" 1948 - 10'10"
1936 - 16'2" 1949 - 7' 4"
1937 - 15'6" 1950 - 12'7"
1938 - 11111" 1951 - 10'11"

1952 - 143"
1953 - 6' 0"
1954 - 10'1"
1955 - 1218"
1956 - 15'3"
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.21 Gauge Reading 8 ft. (10'7" in above tabulation)

May be regarded as a normal maximum for the year; if it comes late in the season,
then some damage will be done to the low-lying rice-fields, especially near Ndundu.

Gauge Reading 9 ft. (11'7" in above tabulation)

Considerable and extensive damage to crops will occur at this and higher levels.

The gauge reading of the maximum 1917 flood would have been 17 ft. on

the Mpanganya gauge, 19'7" in above tabulation, and the whole alluvial plain would
be under water.

At Mkalinzo village on the main Rufiji above the Pangani Rapids there is
a baobab tree on which are marked high water levels for five years between 1929 and

1956 inclusive. A flood level gauge was established near to this tree in order to
get corresponding readings with Stiegler's Gorge for a discharge calibration of the
heights. A benohmark was established near the baobab tree 20.85 ft. above gauge
zero and the water level at time of establishment, 24th November 1956$ was 14.27
feet below gauge zero.

The heights of the various high water marks on the baobab tree with
corresponding approximate discharges (after Stiegler's Gorge) are as follows:-

1954 22.40 ft. - 193 000 cusses
1953 24.15 ft. - 209 000
1929 - 25.74 ft. - 222 000
1936 - 27.30 ft. - 236 000
1956 - 29.00 ft. - 252 000

Compared with other flood records the timing of these marks coincide only
for the 1956, 1936 and possible also the 1954 floods. The mark given for 1929 would
compare with the Mpanganya records for 1930. The 1953 flood was very low on the
Zombe gauge. The falls in water level from maximum to minimum at observed places on
the Rufiji in 1956 were:-

Mkalinzo 43.27 ft.
Stiegler's Gorge 35.80 ft.
Mtanza 15.00 ft. approximately.
Utete 16.00 ft.
Ndundu 16.60 ft. approximately.

At the head of the Pangani Rapids the 1917 flood reached a height
corresponding to 47 feet above the low leVel. The physical signs of probably the
1940 flood were found on an elevation oorresponding to 43 feet above low flow level
(Figures obtained from E. Marks. Dip. Eng. Danzig).

According to this information it seems that in the present century there
were high floods in 1905, 1917, 1930, 1935, 1936, 1937 and 1956. Of these the 1917
flood appears to have been the highest and thereafter came the 1956 flood. The
latter was observed at Stiegler's Gorge and the maximum discharge was 252 000 cusecs.
The Kilombero was comparatively high in 1956 at Ifakara, but the Great Ruaha was not
very high, and therefore a greater proportion. of the spate must derive from the
Luwegu. This is a flashy river causing high floods which pass through the Rufiji
Gorge down to the delta. If high flood spates on the tributaries coincide better,



higher floods than in 1956 will occur on the Rufiji in the future. A flood of
400,000 =secs is not an impossibility.

C. ENVELOPING FLOOD GRAPH.

In order to get some knowledge on maximum floods which are likely to
occur records were compiled from neighbouring countries in East and Central Africa.
The Chief Hydraulic Engineer, Ministry of Publio Works, Kenya, kindly gave the
information available on high floods in Kenya where hydrological investigations
have been carried out for a longer period. The information was presented in graph
form and found extremely valuable. In the Annual Reports of Water Development
Department, Nyasaland, observed maximum floods are given and all this information
together with the famous Kariba flood in 1957 are plotted against catchment area
on illustration at the end of this chapter. For comparison the flood peaks ob-
served at the Rufiji Basin Survey stations are also plotted. An enveloping curve
is drawn indicating the upper limit of observed floods.

It must be stressed again that floods do not entirely depend upon the
size of the catchment and the enveloping curve must therefore be used with the
utmost oare. Rivers like the Little Ruaha, Ruhuji, Mnyera and Mpanga have a high
degree of natural regulation of the flows. The runoff during the dry season is
comparatively high and floods correspondingly low, and rivers of this type cannot
directly be compared with more flashy rivers. However, before better studies can
be made on flood conditions, the graph provides interim information that certainly
is of value.
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10. GROUND WATER DEPLETION

BY L. HORST.

a. INTRODUCTION

For a number of hydrological studies the Ground Water Depletion Curve
is an important criterion and an attempt was made to construct such curves for
hydrometric stations of the Rufiji Basin.

A ground water depletion curve can be defined as follows: "If the
round water level were at its maximum height at the end of surfaoe runoff and
no fUrther precipitation should occur until streamflow ceased entirely, the
resulting hydrograph during this period would represent a ground water depletion
curve". (9, P.24)-

The magnitude and shape of this resulting hydrograph depends upon the
retaining capacity of the catchment as well as the loss of water by evapo-
transpiration during the dry season. Observations have shown that the shape of
the ground water depletion curve is in general characteristic for a river basin.

The ground water depletion curve can be of use:

To get a general insight into the physical qualities of the
catchment area such as: ground water supply and evaporation
between two observed stations, influence of various types of
vegetation, swamps, springs, etc.

To estimate the maximum storage capacity required for river
regulation.

b. GENERAL CONSIDERATIONS

Ground water depletion curves as defined here have not been observed in
the Rufiji Basin because of rainfall ocaurances during the dry season, but it was
possible to establish theoretical curves from segments of the May to November
hydrographs. Fig. la gives a sketch of such a hydrograph with the corresponding
theoretical ground water depletion curve I - II. It is only possible to construct
part A-B of curve I - II because of:

The rainfall never stops abruptly but ends gradually in smaller
and more localised rains influencing the high part of the curves,
thus part I - A does not occur without surface runoff super-
imposed on it.

Short periods of local rainfall enable us to construct only part
A - B. In Fig. lb the various short period rainfall's influenoe
on the hydrograph are explained. Extension of theoretical
ground water depletion curve with, for instance, the Horton
Formula (9, p.315) for lower discharges than observed appears
to be dangerous.

Another influence can be scattered rainfall over a longer period
resulting in a general flattening of the curve without clearly definable momen-
tary disturbances. This can be traced from the available rainfall records inside
the catchment area.
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C. THEORETICAL GROUNDWATER DEPLETION

Construction of Groundwater Depletion Curves

With the above mentioned hydrograph disturbances in mind the depletion
curve for each station and each year oL.2 Le achieved by plotting those parts of
the q-time curve which are representative for the theoretical depletion curve.
The representative parts of the curves, plotted on tracing paper, have to be
shifted parallel to the time axis until they correspond. See Fig. lo. Po find

for each station the mean ground water depletion curve, the curves, as found
above for the available years, are compared with each other.

The curve found, represents the groundwater discharge minus the losses
upstream for a minimum dry year. For most of the Rufiji stations daily discharge
records are available only for 1957, 1958 and 1959, but for some stations also for
1955 and 1956. In a great number of sub-catchments rainfall data are also
available to assess periods of rainfall influence on observed hydrographs.

In general the depletion curves for the years 1957, 1958 and 1959 agree

with each other fairly well. The depletion curve for 1956 is in most instanoes
less steep, possibly due to lower evaporation during that year. The year 1955 was

dry and the rainfall stopped earlier than usual. Thus the observed depletion
commenced at a comparatively low stage. For the majority of the stations the mean
of the 1955, 1957, 1958 and 1959 constructed curves have been applied.

Reliability

The ground water depletion curves are constructed from an average of
3 to 5 years observation data. The construction of the ground water depletion
curve is carried out in a rather conservative manner. Due to this, the constructed
theoretical curves will differ from the average observed dry season hydrograph,
and the preparation of the curve in this way is thought justifiable for the
following reasons:-

The available discharge records do not include an extremely dry
year. The influence of the maximum evaporation expected is
nknown.

The greater the dryness the heavier the local water requirements
are from the river. This is a progressive phenomenon and
difficult to predict.

The accuraoy of the rating tables for the stations are normally
within 8% deviation. For smaller dischargeS, the error becomes
relatively larger.

The available number of observation years is too small for a
probability computation concerning most conservative groundwater
depletion.

The individual approach in the construction of the curves is
inevitable.



When more records are available it will be possible to establish more
reliable curves. Detailed studies on rainfall, evaporation, vegetation and
groundwater hydraulics should, if possible, be incorporated in future analyses.

3. Presentation of Results

Logarithmic Presentation

Time co-ordination. To get a general idea of the ground water depletion
in a catchment area, the established curve for each station is plotted in a graph
with log q as vertical and the time as horizontal axis.

The time scales for the stations are made to coincide by selecting data
from the available observation years 1957, 1958 and 1959 on which the theoretical
groundwater depletion curve follows the observed hydrograph. The observed
discharges on these dates are plotted on the ground water depletion curves and
the curves shifted horizontally until the points concerned correspond vertically
with each other.

This generally gave satisfactory results. Only for the Western Mountain
tributaries of the Great Ruaha a coincidence was difficult to find, which is
probably due to the different characteristics of the catchment areas. For some

stations additional indications are found from correlation curves between various
stations.

Interpretation. The shape of the ground water depletion curve can give
indications regarding typical physical qualities of the catchment area concerned.
Fig. ld gives in principal the following possibilities:-

Curve a. A steep curve indicates a small retention capacity.

Curve b. The groundwater storage is larger and the retention greater
than Curve "a".

Curve c. The lower part of the curve can be an indication of springs.
The steep beginning of the curve can be surface runoff or
groundwater depletion with small retention.

Curve d. The curve progressively going down at the end can be the

result of swamp vegetation where evapotranspiration and/or

an underground water leakage form a relatively increasing part.

Specific Accumulation. Fig. le and f.

Plotting. The relation between the specific accumulation (Q ) and the

corresponding specific discharge (qs) is found by integration in tRe q-time graph

between a certain q and %nin .

To find a relation between the stations a time is arbitrarily chosen

as an average of tmin for each station in the log q-time tresentation.
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On the horizontal axis is plotted

ci,

catchment area

On the vertical axis the corresponding

Qs =
catchment area

in which
Q q dt

tmin
Interpretation. Its specific accumulation curve gives an insight of the

storage capacity per sq.mile of catchment. The initial situation can give an
idea regarding specific storage after t . and the slope is an indication of the
exhaustion rate of the groundwater storlida. A steep beginning of the curve (see
rivers Mpanga and LUkosi) gives a relatively slow groundwater exhaustion.

c. Potential Accumulation. Fig. lg and h.

Plotting. The potential aocumulation for a certain station for depletion

PeriCid"f1'29313".17112111t11891b11"ingaeertaillinitiald13011argé qi..iS found_
by integration.

Theinitialdischarge.qi corresponds with t., arbitrary chosen as the
same, for all stations.

The areas of catchments are plotted as the abscissa. Por each station
the values of the accumulation for depletion periods of 1, 2, 3, etc. months are
plotted as the ordinate and the corresponding points linearly joined.

A tributary joining between two stations can be included in the
presentation, provided the depletion curve for this is known and the time scale
can be shifted into the established time co-ordination. (e.g. Little Ruaha,
LUkosi and Yovi coming in to the Great Ruaha and the Great Ruaha coming into the
Rufiji).

Interpretation. The potential accumulation graph gives an idea of the
ground water supply and water loases between two stations.

If the monthly accumulation curves are steep, the groundwater contri-
bution is high. This is generally the case with the mountain. tributaries. If
the curves are flat there is not much groundwater contribution from the catchment.
Petween some stations the curves are even.declining. Then the losses in the river
stretch are greater than the contribution.
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d. RESULTS

The groundwater depletion studies of the Rufiji Basin are sub-divided into
three parts:-

Little Ruaha, fig. 2a, b and c.
Great Ruaha, fig. 3a, b and c.
Kilombero - Rufiji, fig. 4a, b and c.

Each drawing has a small key map. For further information reference is
made to the Hydrological Key Map. (See Map Folder). The time scales in fig. 2,
3 and 4 do not correspond with each other.

1. Little Ruaha, Fig. 2a, b and 0.

The groundwater depletion curves are constructed for the six stations
on the Little Ruaha:-

Little Ruaha.

Curve Symbol Station Catch.Area sq.m.

J. S. Highlands Club. 293

2 Iwawa. 645

3 Ihimbu. 957

4 Iringa. 1,127

5 Tosamaganga. 1,273
6 Mawande. 2,005

Fig. 2a gives the logarithmic presentation of the groundwater
depletion curves.

In the headwaters of the catchment there is a rich vegetation and a
comparatively high annual rainfall with local showers occurring at all times og
the year. The downstream part of the catchment is dry. This is shown in the
difference of the curves (1) (2) (3) and (4), the coincidence of the curves (4)
(5) and (6) at the beginning of the dry season, and the lower position of the
curves (5) and (6) at the end of the dry season.

This can-also be seen in Fig. 2b where curves (1) (2) (3) and (4)
roughly coincide, while the curves (5) and (6) show a smaller specific accumu-
lation. Between stations (4) and (5) the losses are relatively high (see Fig. 6)

because of swamp vegetation and most probably underground losses as well. Fig.

20 also shows that the groundwater contribution comes from the upper part (to

Station 4) while for the downstream part the contribution and evaporation about
equal each other.

2. Great Ruaha Fig. 3a, b and c.

Mountain Tributaries. The gauged headwater tributaries of the Great Ruaha

can be listed as follows:

Curve Symbol River Station Catch.Area
se .miles

a Mswiswi Kalanzi 36

Mambi Kalanzi 32
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LUkosi River Ebrib.)
Substraction 6) - (5)

Owing to the different characteristics of the catchment areas of these
tributaries, it is difficult to find a time correspondence. In Fig. 3a the
grcundwater depletion curves are shown to give an idea of their shape and values.
Although the time 0o-ordination between them is not reliable, a summation curve
(I) is presented, to give a rough comparison with the station Mkopule (2), below
their confluence. It appears that the summation data in the latter part of the
dry season exceeds the discharges of Mkopule. The reason can be explained by
the high water losses in the Usangu Plain.

Fig. 3b also gives an indication of the high groundwater depletion from
the mountain tributaries, curve (I) being a typical mountain tributary. This can
also be seen in Fig. 3e where the accumulation curves start off with steep
gradients.

The groundwater depletion curve for Mkopule is irregular (Fig:3a). This
can be a result of the influence of the swamp vegetation.

Stations on the Great Ruaha.

1117
2631

Between station (2) and (3) the area is semi-arid and the losses from
the river exceed the groundwater contribution from the catchment: see Fig. 3c
where the accumulation curves decline. The Little Ruaha, with a high speoific
accumulation, comes in just before Kisilwa (3). Because of this confluence, see
Fig. 3b, curve (3) seems steeper than (2) in spite of the small potential
accumulation for the Gt. Ruaha itself between (2) and (3).

Between (3) and (4) the Kisigo River comes in. This river dries out
very rapidly after the rainy season. From (4) to (5.) the Great Rizaba flows through
a mountain valley with little groundwater supply and high evaporation.

Curve Symbol River Station Catch.Area.
ise.miles

o Chimala Chimala 85
1 Great Ruaha Gt. N.Road 328
d. Kimani Gt. N.Road 173
e Mbarali Rujewa /62

Halali Iyayi 302
Ndembera Madibira 707
SUmmation 2425

Curve Symbol Station Catch.Areasse.m.

1 Gt. N. Road. 328
2 Mkopule. 7700
3 Kisilwa. 13884
4 Mtera. 26254
5 Mbuyuni. 28274
6 Kidatu. 30905



The foregoing is illustrated by Fig. 3a, b and c. Between (5) and (6)
typical mountain rivers come in. The LUkosi River being the most important, is
presented in Fig. 3a, curve (II). It appears from curve (II) and (III), plotted
as the difference between (6) and (5) that these mountain rivers show a very
great specific storage capacity with a slow exhaustiont In Fig. 3b curve (6) is
steeper than (4) and (5) because of the relatively higher specific accumulation
of these mountain tributaries.

In the South Western mountainous part, three sub-catchments join up
just before the station Ifwema (1): the Mpanga (1A), the Mnyera (1B) and the
Ruhuji (10). These three rivers and their summation (1S) and the stations (1)
(2) and (3) of the Kilombero all show groundwater depletion curves less steep
than the Great Ruaha (dotted curve), see Fig. 4a. This is in agreement with
the character in this part of the Basin where the annual rainfall is high and
the vegetation rich.

The difference between the summation 15 and Ifwema (1), see Fig. 4a,
represents the groundwater inflow from the partial sub-catchments between the
above stations and Ifwema. This difference is comparatively large. The riVer
Mpanga (1A) shows a great specific accumulation, Fig. 4b. Fig. 4c shows a
similar picture until station (3), so the groundwater depletion per sq.mile is
roughly the sane for the whole Kilombero sub-catchment. Between (3) and (4)
the Luwegu and the Luhombero come inotogether draining a large catchment area.
There are not much data available for these rivers but it may be assumed that the
groundwater contribution is comparatively small, see Fig. 40. Because of the
different character of the Luhombero and the Great Ruaha compared with the
Kilombero, curve (4) has éhahged compared with (3), see Fig. 4b. Fig. 4a shows

a loss between (3) and (4). Reliable groundwater depletion curves could not be
established for stations downstream of Stiegler's Gorge.

e. ESTIMATION OF GROUNDWATER RESOURCES FOR VARIODB DAMSITES.

In order to forecast the groundwater resources for an extremely dry
year some special calculations were carried out.

The theoretical groundwater depletion curve has a maximum starting
point above which groundwater depletion and surface runoff are always existing

together.

3. Kilombero and Rufiji, Fig. 4a, b and c.

Curve Symbol River Station Catch.Area.
so .miles

lA Mpanga Mpanga 937
IB Mnyera Taveta 1950
10 Ruhuji Mwayamalungu 3294
le Summation 1 A-B-C 6181
1 Kilombpro Ifwema 7048
2 Kilombero Ifakara 12063

3 Kilombero Swero 12915

35 Summation (3) +
Gt.Ruaha (Kidatu) 43820

4 Rufiji Stiegler's Gorge 61106



Theoretically this point should occur under oonditions given in the defi-
nition of the curve - see introduction. In practioe, however, this point is hard to
evaluate because the occurrence and magnitude of the last, mostly 8i:et-hired, rains of
the wet season cannot be fully determined from the small number of rainfall stations
available.

In the'following the high'iJt discharge, which fits on to the theoretical
groundwater depletion curve, is takca as the initial point of the groundwater de-
pletion curve. In other worda this dischargeis assumed as the highest possible.qi
discharge where no surfaoe runoff occurs.

In order to find the date at which this q. °scours in an average year, and
in an extremely dry year, the following procedure ha l been used. The dates at which
q 000urs in the observation years are plotted against the annual runoff expressed as
alperoentage of the 15 years average. This gave for most stations a satisfying re-
sult, giving a linear correspondence. In Fig.5 an example is given for Great Ruaha
at Mtera. FOr most stations the year 1956 does not follow the general linear corres-
pondence, but the points lay higher due to the heavy rains at the beginning of the
rainy season, thus shifting the initial time, ti, to an earlier date.

In the table IX the minimum groundwater resouroes are given for river
stations located near proposed damsites.

The minimum groundwater resources for depletion periods of 1,2,3 etc.
months are found by integration of the depletion curve q = f (t). The extension for
periods longer than the oonstructed depletion is done by extrapolation (given )n
brackets) of the monthly reduction coefficient - see Fig.5. Information in table IX
is arranged according to station numbers, see Schedule of Gauging Stations. It must
be stressed that the figures given in table IX are rough approximations only.

f. GENERAL CONCLUSIONS.

The study of groundwater depletion curves at hydrometric stations in the
Rufiji Basin showed that the main part of the dry season discharge results from
groundwater runoff iù the Middle Highlands (Mufindi Highlands, Uzungwa and Uddkwa
Mountains) and the Kilombero Valley. The groundwater resources available for river
discharge in these areas from the end of May to November are of the order. of 150-250
acrefeet per sq.mile (3-4.5 inches). The South-Western Mountain Ranges (Poroto and
Kipengere Ranges) contribute about half as much: 506-130 aorefeet per sq.mile (1-2.5
inches). The North-Western part of the Rufiji Basin ICisigo River and the middle
reaoh of the Great Ruaha) and also the Southern part Luwegu River) contribute very.
little to nil.

Consequently the Great Ruaha Catchment.(32,424 sq.miles) covering about
50% of the total Rufiji Basin to Stiegler's Gorge (61106 Sq.miles) is able to.provide
roughly only 15% of the total groundwater supply as gauged at Stiegler's Gorge. The
remaining 85% is mainly coming from the Kilombero.

In Fig. 6 a summary is given for the whole Rufiji Basin concerning charac-
teristic monthly groundwater storage capacity for the various parts of the catchments.
The diagram is found by arbitrary choice of one month towards the end of the dry
season. The difference of the accumulation of that month for two successive stations
expresses the groundwater storage oapaoity for that *partial area. This diagram gives
an idea of the specific groundwater supply and losses for various parts of the
catchment.



RIVER:
STATION:
DAMSITE:

RIVE3:
STATION:
DAMSITE:

TABLE IX - MINIMUM GROUNDWATER RESOURCES.

RUFIJI, STATION No. 1K.3
STIEGLER'S GORGE 61 106 sq4m1
STIEULER'S GORGE 61 106 sq.m

Minimum groundwater resources, in 1000 aorefeet after
Monthly

Time River reduc-
in discharge tion 1 2 3 4 5 6 7

months in ofs ooeff %. month months months months months months months

LITTLE RUAHA, STATION No. 1KA.2
IRINGA (1 127 sql
IRINGA (1 127 sq.m

to av
m 13th June.

n 21st May.
to min

to av
= 24th April.

to min
= 22nd March.

Minimum groundwater resources in 100 acrefeet after
Monthly

Time River reduc-
1 2 3 4 5 .

6
in discharge tion

months in cfs coeff %. month months months months months months

o = t
1

2

3

4
5
6

I)

1310
740
510
380
280
205

( 150)

56.5
69

74.5
74
73

(73)

615

375
267

198
146
107

( 78)

(

(

990
642
465

344
253

185

135

)

1

(

(

257
840
611

451
331)

2421

177

1 455
986
718

521
388

284)

160].
1 093
791
586
43o

1

1

708
171
859
628

o me t

2

3

4
5

6

7

27500
15000
9700
5800

3400
(1900
(1030
( 5

30

40

54.5
65

60

58.5

54
52

ri

1 280

740
465
276

159
88 C

47(
24

2

1

020
205

741
435
241
135
71)

2

1

485
481
900
523)
294)

159)

2

1

761
640

981
570
318

2,92o
(1 728)

(1 035;

( 594

i 775

(1 059
1

0553
799



RIVER:
STATION:
DAMSITE:

TABLE IX - MINIMUM GROUNDWATER RESOURCES

GT. RUALIA, STATION No. 1KA.3
KIDATU (30 905 sq.m)
KIDATU (30 905 sq.m)

Minimum groundwater resources in 100 acrefeet after
Monthly

Time River reduc-
in discharge tion 1 2 3 4 5 6 7

months in ofs coeff %. month months months months months months months
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to av
. 27th May.

to min =
4th May,

o . t
1

2

3

4
5

6

7

o

4200
1950
1080
725
550

475
( 420)
( 380)

46.5
55,5

67

76
86

903
go

1 845
glo
541
382
307
268

( 24o)
( 201)

2 755
145

923

689
575
51
441

3 296
183

123

957
815)
700

3 678
214

1 498
(1 1g1
(1 016

3

(1

(1

985
240
738)
398)

4
(2
(1

253

648)

939)

(4

(2

493/
849

RIVER:
STATION:
DAMSITE:

GT. RUARA,
MTERA (26

MTERA (26

STATION No. 1KA.5
254 sq.m)
254 sq.m)

to av
= 22nd May.

,

to min
. 21st April.

Monthly
Minimum groundwater resources in 100 acrefeet after

Time River reduc-
in discharge tion 1 2 3 4 5 6 7

Months in cfs coeff month months months months months months months

o = t
o

3000
1300 43.5

1290
567

1 857
831

2 121
963

2 253
1 045

2 335
1 076

2 366

1 087
2 377
(1089)

2 590 45.5 264 396 478 509 520 ( 522)

3 290 49 132 214 245 256 ( 258)

4 140 52 820 113 124 ( 126)

5 75 50 31 42 ( 44)
6 30 40 11 ( 13)

7 ( 8) (27) ( 2)



TABLE IX - MINIMUM GROUNDWATER RESOURCES

RIVER: CHIMALA, STATION No. 1KA.7
to av

= 6th July.
STATION: CHIMALA (85 sq.m)
DAMSITE: AILSA (76 .sq.m)

to min
. 22nd Juno.

Minimum grgundwater resources in acrefeet after
Monthly

Time River reduc
in discharge tion 1 2 3 4 5 6 7

Months in cfs coeff %. month months months months months months months

RIVER: GT. RUAHA, STATION No. 1KA.8
STATION: GT. N. ROAD (328 sq.m)
DANSITE: S. of GT. N. ROAD (328 sq.m)

to av
23rd May.

t . = 5th May.oran

Minimum groundwater resources in 100 acrefeet after
Monthly

Time River reduc-
in discharge tion 1 2 3 4 5 6 7

months in cfs coeff %. month months months months months months months

o = t 45 2 100 3 460 4 620 5 570 6240 (6640) (6840)
1

o
25 56 1 360 2 520 3 470 4 140 (4540) (4740) (4820)

2 20.5 82 1 160 2 110 2 780 (3 180) (3 380) (3 460

3 18 88 950 1 620 (2 020) (2 221 f2 No)
4 13.7 76 67o (1 070) (1 270 (1 35o

5 ( 8.1) (64) ( 400( 600) ( 680)

6 ( 4.6) (53) ( 200( 280
7 ( 2 ) (43) ( 8o)

o = t 280 135 222 285 334 373 404 (429)
1

o
170 61 87 150 199 238 269 (294) (314

2 120 71 63 112 151 182 (201 (227)

3 91 76 49 88 119 (144) (164

4 72 79 39 70 ( 95) (115)

5 58 81 31 ( 56) ( 76)

6 (46) (80) ( 25) ( 45)

7 (37) (80) ( 20)



RIVER: KIMANI, STATION No. 1KA.9
STATION: GT. N. ROAD (173 sq.m)
DAMSITE: GT. N. ROAD (170 sq.m)

188

TABLE IX MINIMUM GROUNDWATER RESOURCES.

to av
= 23th May.

to = 15th May.
mm

Minimum groundwater resources in 100 acrefeet after
Monthly

Time River reduc-
in discharge tion J. 2 3 4 5 6

months in cfs weft %. month months months months months months months

Time
in

months

Minimum groundwater resources in aorefeet after
Monthly

River reduc-
discharge tion 1 2 3

in cfs ooeff %. month months months
4

months
5 6 7

months months months

o tI o
100 4 500 6 970 8

50 50 2 470 3 970 5

470
010

9 510
5 760

10 260 10

6 300 ( 6

800 (11 170)
670)( 6 920)

2 30 60 1 500 2 540 3 290 3 830 4 200)( 4 450)
3 20 67 1 040 1 790 2 330 (2700 2950)
4 14.5 72.5 750 1 290 (1 660) (1 910
5 10.5 72.5 540 ( 910) (1 160)
6 ( 7.4) (70 ) ( 370)( 620)

7 ( 5 ) (68 ) ( 250)

RIVER: MBARALI, STATION No. 1KA.19 t. 9th June.
STATION: RUjEWA TRIAL FARM (762'sq.m)

o av

DAMSITE: IGAWA (574 sq.m)
to min

= 2nd M.

o 1. t
o

350 168 280 371 445 499 535 (551
1 210 60 112 203 277 331 367 (389) (401
2 165 79 91 165 219 255 (277) (289)
3 140 85 74 128 164 (186) (198)

4 107 76.5 54 90 (112) (124)
5 75 70 36 ( 58) (yo)
6 ( 47) (62) (22 ( 34)
7 ( 26) (55) ( 12



RIVER:

STATION:
DAMSITE:

TABLE IX MINIMUM GROUNDWATER RESOURCES

LITTLE RUAHA, STATION No. 1KA.32
S.H.CLUB (293 sq.m)
MAKALALA (293 sq.m)

to av = 5/25th April.

t . = 1/30th March.
o min

Monthly
Minimumgroundwater resources in 100 acrefeet after

Time River reduo-
in discharge tion

months in cfs coeff %. month months months months months months months

Minimum groundwater resources in acrefeet after
Monthly

Time River reduce
in discharge tion 1 2 3 4 5 6 7

months in cfs coeff % month months months months months months months

o t 60 2 550 3 350 4 890 5 790 6 570 (7 230 (7770)
1 ID 25 42 1 300 2 340 3 240 4020 .4680 5 220 5 640)

2 18.5 74 1040 1 940 2 720 (3380 3 920 (4340
3 16 87 900 i 680 (2 340) (2 880 3 3oo

4 14 87.5 780 (1 440) p. 9801 (2 400

5 (86) ( 66o)(1 200) 1 620
6

(11
(lo (83) ( 540)( 960)

7 (8 (80 ( 420)

o = t 520 252 387 481 543 581 602 613
1

o
265 51 135 229 291 329 350 361 (366)

2 185 70 94 156 194 215 226 (231)
3 127 69 62 loo 121 132 (137)
4 80 63 38 59 70 ( 75)
5 46 57.5 21 32 ( 37)
6 25 54.5 11 ( 16)

7 ( 12) (50) ( 5)

RIVER:
STATION:
DANSITE:

NDEMBERA,
MADIBIRA
NGALENGE

STATION No. 1KA.33
(707 sq.m)
(404 sq.m)

to av
= 15/30th June.

to min.
= 1/30th May.
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TABLE IX MINIMUM GROUNDWATER RESOURCES

RIVER:
STATION:
DAMSITE:

PUAGII STATION No. 1KB.7
IDEGE (24 sq.m)
IDEGE (21 sq.m)

in discharge tion 1 2 3

months in cfs coeff %. month months months

to av
s16th May.

to min
um 1st May.

Minimum groundwater resources in aorefeet after
Monthly

Time River reduc-

4 5 6 7
months months months months

o im t

1

2

3

4

5

6

7

o
26

19.2

14.8
11.8

9

6.4
3.6
1.4

74
77
80
76
71
56

(40) (

1

1

360
020
800
620

460
300
150 (

50)

2

1

1

1

380
820
420
080

760
450
200)

3

2

1

1

(

180

440
880
380
910
500)

3.800
2 900
2 180
1 530

( 960)

4
3

2

(1

260
200
330
580)

4 560

3350
(2 380)

4 710
(3400)

RIVER: KIGOGORUANA, STATION No. 1KB.6
STATION: FRICK'S BRIDGE 511 sq.m)
DAMSITE: FRICK'S BRIDGE 511 sq.m)

to av
= 16th May.

to min
= 22nd April.

Time River reduo

Minimum groundwater resources in 100 aorefeet afterMonthly

in discharge tion 1 2 3 4 5 6 7
months in ofs ooeff %. month months months months months months months

-
o -

to
538 256 414 518 591 645 687 (721)

1 320 60 158 262 335 389 431 4465; (492)

3 141 69 73 127 169 (203) 23o

2 205 64 104 177 231 273 p01 334

4 103 73 54 96 (13o) (157)
5 79 77 42 76) (103)
6 ( 63) (80 ( 34) 61)

7 ( 50) (80) ( 27)



TABLE IX MINIMUM GROUNDWATER RESOURCES

RIVER: MANGA, STATION No. 110.8
to ay

= 19th June.
STATION: MPANGA (937 sq.111)
DAMSITE: MDIKU (910 sq.m)

to min
. 4th

M47.

Monthly
Minimum groundwater resources in 100 acrefeet after

Time River reduc
in discharge tion 1 2 3 4 5 6 7

months in ofs coeff %. month months months months months months months

RIVBR: MNYERA, STATION No. 1KB.9
to av

= llth June.

STATION: TAVETA (1950 sq.m)
DAMSITE: TAVETA (2264 sq.m)

to min
= 23rd April.

Minimum groundwater resources in 100 acrefeet after
Monthly

Time River reduc-
in discharge tion 1 2 3 4 5 6 7

months in cfs. ooeff %. month months months months months months months

o = t 2070 1 041 1 780 2 339 2 774 3 119 (3392 (3603 )

o = t 1050 560 1 014 1 401 1 743 2 049 (2 322) (2 568)
1 e 820 78 454 841 1 183 1 489 (1 762) (2 008) (2 230)
2 690 84 387 729 1 035 308/ (1 554) (1 776)
3 600 87 342 648 ( 921) 167 (1 389)
4 540 90 306 ( 579) 825) (1 047)

5 (480 (90) 273 ( 5193 7434._

6 (43o) (90) 246 ( 468

7 (390) (90) 222

1

2

3

4
5
6

7

0
1410
1050
810
640

( 510
( 401
( 32o

68

74.5
77

79
(79)

(71
(79

(

(

(

739
559
435
345 (

273)(
211(
173

1 298

994
780
618)

489)
389)

1

1

(1

(

(

733

339
053)
834)
662)

2

(1

(1

(1

078
612)

269)

007)

(2

(1

(1

351)
828)
442)

(2 567
(2 001

(2 740)



RIVER:
STATION:
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TABLE IX - MINIMUM GROUNDWATER RESQUROES.

RUHUJI, STATION No. 110.10
MWAYAMALUNGU (3294 sq.m)
MKASU (3277 sq.m)

to av
= 25th May.

to min
= 4th May.

Minimum groundwater resourées in 100 acrefeet after
Monthly

Time River reduo-
in discharge tion 1 2 3 4 5 6 7

months in ofs coeff %. month months months months months months months

RIVER:
STATION:
DAMSITE:

KILOMBERO, STATION No. 1KB.17 t = 15th June.
SUERO (12915 sq.m?
KINGENENAS (12915 sq.m/

o av

t . = 25th May.
o mu,.

Minimum 0-roundwater resources in 1000 acrefeet after
Monthly 0

Time River reduc-
in discharge tion 1 2 3 4 5 6 7

months in ofs ooeff %. month months months months months months months

o- t
1

2

3

4
5
6

7

°
3050
2150
1600
1230
1000
( 810)
( 660
( 53o)

70.5

74.5
77
81

(81)

(81)
(81)

1

1

(

(

(

560
123
850

670
542
440)
357)(
288)

2

1

1

i

683
973
520
212
989
797

645)

3

2

2

(1

(1

(1

533
643
062
652)

339)

085)

4

3
(2

(2

(1

203

185
502)
009)
627)

4
(3

(2

(2

745
625)
851
297

(5
(3

(3

185)
982)

147)

(5
(4

542)
270)

o . t
1

2

3

4
5

6

7

(

(

(

17000
9600
6400

4900
4000
2900)

1850
1020

56.5
66.5

77
82
(73)

rl
55

(

(

(

800

480
340
267

207
142)

86)(

45)

1 280

820
607

474

341
228

131)

1

1

(

(

(

620
087

814
616)

435)
273)

1

1

(

(

(

887

294

956)
616/

435

2

(1

(1

(

(

094

436)

042)
702)
480

(2

(1

(1

(

236/
522

087)
747)

(2

(1

329
567



193

X

6

1

0%

CI. Precipi4a4ion causinci
only eurfcieo Runoff:

b. Precipi+aiión cauoirl
only q W. afore:Kr . .

c. Casgs a.e., b. cornIzinocl.

Flq-1.b
Local Disfurbancoa.

ti
L.

1.,

VP

D.

0 L

-.-

cvw.a.c.

Dry Se.ason .-

x8

J FMAMJJ

Thporst4ical q.w.

Flq-i.a.
Depiction

A5OND

Curvy.

Obectryocl
letycirocraph

CI.VV. DczpIcefion
Curvp

Fig- ic
amyl-ruction ç W. D. Curve.

\IIIIIIIIL

Timg

rig -id
Typical q.w o. curvas.

s.

Cl.

Of

45

San

et. WA? C

Q+
Ai.

4 min
w...(qtd t

a iraliNT

QS

SPECIFIC ACCUMULATION

.4

CATC 44 Ana
q,

CA-rcomtwr AittA

et II min.

rig - if

et, mit-7%....

t
rtç -1%

min

I _ `.
%.,,

1111Ili
f I q- ig

Ontqc14
4

e

POTENTIAL ACCUMULATION

Ai
a

,i-nor*"

4 in monfko

fig - 11-1

CATCHMCNT A MLA

PPINC PAL 5.141.1-C4-IES. fig i ato h



1000

10
2 5 4 5

TIME IN MONTI-IS

FIC X 2c.

st.

POTENTsAL ACCUMULATION

FIG X. 2b
SPECIFIC. A.C.CUMUL,STION

N CU SECS PER SQ MI
I5 2 25

(A) k.!

V.

CATGHMENT AREA IN aca MILES

194

FIG X 2a
GROUNDWATER DEPLETION CURVES LITTLE RUAHA



10000

1000

3
0

o

$00

10

Summ AT toN øtIl0ucM

LLIKOSE

SUBTRACTION stos

o

4

F IC X 50

N\X

9 ---- -

%Nck,
TIME IN MONT Nib

Z4
o

200

100

OROUNOWAT EP. DE P LETION
CU Ay

---- - --
II

a

10,000

GREAT RUAHA

30

10

Flo X 5b
SPECIFIC ACCUMULATION

0.1

FIG X Sc
POTENTIAL ACCUMULATION

mONTHS

MONTHS

MONTS

I MONTH

CATCHMENT AREA. /N Sc2 MILES

PLR SQ IA IL/
0.2 ca 0..4

o
o
Y

0 3

GOO _

h.

5
4

o
o
o

soo

20,000 S0,000



10

o
0

ul

a
4

u

peso

600

SOO

100

Fl C X4ø
GROUNDWATER DEPLETION CURVES

is SUMMATION 10,- Ill /C

as SUMMATION 3 t C. RUANA

POTENTIAL ACCUMULATION

1 U6

SO

o
o

K1LOMBERO - RUFIJ1

FIC X Ab
SPECIPIC ACCUMULATION

CI1 IN CUSECS PER 50 MILL

'2 5' 1/4,s/ kv

CiltAT AUANA

il
I-
IL

LI
a

) t)

0
0
0

2

2
o
P
4I
2
0
o

o CATCHMENT AREA IN SQ MILES

%MEN.

10,00 0,000 S0,000 40,000 60,000 44000
F1C4 o,b,c

INTIME MONTH
o 4



197

100

50

50

40

30

20

10

DEPLET1ON-DATE. RELATION QRAPI-I FOR QQ. RUAHA AT MTEQA.

110

55

+0 ay. S 22 May
+0 min, 21 April

MAY

158

591

1 2 3 4 5 G 7 e

f

TIME.

JUNC

EXTRAPOLATION OF THE MONT+ILY

REDUCTION COEFFICIENT.

TIME, IN MONTHS

se EAta DATE AT VitigtcH % OCCURRED
ANNUAL RUNOFF
EXPRESSED AS A PERCENT
-AgE OF AVERA0E RUNOFF.

_ 1955 1 MAY. 62

1956 7JUNL. 205

1957 20JUNE. 160

1958 4JUNE. 126

1959 1 JUNE. 109

1953 MIN. YEAR. 42.

200

ISO



198

SPECIFIC qrzouND WATER CONTRIBUTION.
Si-ofion nurnbszre rafor nurnbgra cfision on Ç95. 2 , 3 ei4.

CATC4-IME.NT

t--
Z

,411ul z
* -i

-t-5
I._ ..4 .

< CY a
LJ 1 Cf)

q2ouND
CAPACITY

000
co ,$) :i-

I i I

C4-1ARACTER.ISTIC MONT11LY

WATER STORAQE

1N ACRE FT. PEI? SQ. MILE.
+

0
c9

t

0000o c'4 .1- to co
+ + + +

WESTERN MOUNTAIN TIZIBUTAPIES

CI REAT 12 LJA4-IA

M5WISWI 36

MAM81 32
C4-I IAAALA 85

C4REAT QUA4-1A 328
KIMANI 173

MBARAL: 762
4-IALALI 302
NOEMBEIZA 707
SUMMATION 2425

CIR EAT PUA1-1A be'rwsz5tn s+ationa.

1-2 7372
2-3 LITTLE RUA4-1A EXCLUDED 4139
2-3 LITTLE RUA4-1A !NCLUDED 614 4

3-4 12410
4-5 2020
5-G LUROSE EXCLUDED 1514

5-G LUI<O5E INCLUDED 2631

LUROSE I 1 I 7

LITTLE RUA4IA bq'rwstszt-I s4a+ions.

1 293
1-2 352
2-3 312
3-4 170
4-5 14G

5-6 732

KILOMBERO RL1F !...) I

MPAN0A 937
MNYERA 1950
12L141UJI 3294

1 7048
I-2 5015
2-3 852
3-4 4B191



-199.

11. SEDIMENT TRANSPORT BY RIVERS.

BY S. RAADSMA

INTRODUCTION

Some investigations on sediment transport have been carried out in the
Rufiji Basin and it is hoped that these will provide some knowledge on the
phenomena.

Sediment transport by rivers is the result of erosion in the drainage
basin and when redeposited the sedimentary load may become an actual danger to
the utility of expensive engineering works such as reservoirs and irrigation
schemes.

A oomprehensive investigation of sediment transport is an expensive task
which requires specially designed instruments and equipment and also qualified
and trained observers. With the facilities that were availabre in Tanganyika the
procedure had to be simplified to a very great extent. On the following pages
a short explanation is given of the methods applied. The results obtained are
shown in tables and graphs and these data are liscussed in brief.

BASIC CONSIDERATIONS

The material transported by a river can be divided into two groups:-

The Suspended Load which is the material carried in
suspension by the water.

The Bed Load which is the material moving on or near
the river bed by friction between the solid particles
and the water.

The suspended load consists mainly of clay and silt particles as well as
organio matters, whiie particles of the size of sand and larger, usually are
concentrated near the river bed.

A river can carry enormous amounts of fine material in suspension and
the suspended sediment load is therefore, to a greater extent a funotion of supply
of material and velocity rather than of water discharge. A reliable estimate of
the suspended sediment load of a river can only be made by sampling.

The rate of bed load transportation depends upon supply, but also on
river bed roughness, size of particles and the dragging force of the water. The

greatest and uninterrupted bed load movement takes place only during periods of
high water, but in rivers with loose sandy beds and banks and in steep mountainous
rivers, transportation of the bed load may take place at all stages. Direct bed
load measurements with a bed load sampler, or trap, are usually questionable but
better results can sometimes be obtained by either of the two following methods:

(a) Discharge the whole river into a reservoir, measure the
total volume of sediment deposited during a certain lapse
of time and subtract the suspended sediment load as
measured upstream of the reservoir.
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(b) Measure the total sediment load in rapids where a homogeneous
mixture is assumed and subtract the suspended sediment load
measured in more calmly flowing water upstream or downstream
from this place.

Since both these methods require certain conditions in the river to be
present, they can not always be applied. A very common practice for engineering
purposes is therefore to make some allowance for the bedload transport by adding
a certain percentage to the suspended sediment load. This percentage will, of
course, vary greatly from river to river and with their gradients being such an
uncertain factor. Applied figures are mostly found to lie between the limits of
10 and 50%.

Direct bed load investigations have not been carried out in the Rufiji
Basin. The investigations were limited to determination of suspended sediment
load only. In addition a number of grain size and mineralogical analyses were
carried out. These will be dealt with separately at the end of this Chapter.

SAMPLING AND ANALYSING

River gauging stations nearest to proposed reservoirs and sites of water
use have for practical purposes been selected for river water sampling. Altogether
some 3000 samples have been collected from twenty rivers at twentyseven gauging
stations. The samples were collected regularly once a week. During floods
additional samples were taken when conditions permitted. The rivers, stations
and period coVered by sampling are listed in the Schedule of Gauging Stations.
For locations reference is made to the Runoff Map-in the Map Polder.

A number of the stations are located far away from roads, and especially
during rainy seasons, the access was problematic and difficult. Visits could not
always be made as frequently as desirable and the observers wers therefore supp/ied
with a sufficient stock of empty bottles and packing botes to last for several
months. In many cases it took months before the botes could be returned to the
laboratory, and in a few instances it was not possible to get them out before the
end of the rainy season when the access roads had dried sufficiently to reach the
place by land rover. All analysing work was done by the Government Chemist in the
Laboratory, Dar es Salaam.

SAMPLING PROCEDUM

From a financial point of view it was impossible to supply all the stations
with adequate and expensive sampling instrumente.« The sampling method had to be
simple and straight forward and of ocuise as uniform as possible. Much thought
was given to the matter of simplifying the sampling method without reducing the
accuracy of the investigations to any great extent, and it was decided to commence
the sampling by filling water directly into a bottle at certain seleoted points on
the rivers. The bottles used all had a capaoity of 500 co and an opening of 1.5
inches.

In rivers with waterfalls or rapids at or near to a gauging station,
samples were collected by immersing the bottles into the turbulent flowing water
by hand. At stations with more calmly flowing water, satples were taken in the
middle of the stream at six tenths of the depth below the surface. Simple
arrangements were made for a protecting wire cage complete with sinker and a
supporting wire to pull the stopper out at the desired depth.



This crude, but cheap and easy method of sampling may have questionable
results. During the initial inrush of fluid after pulling the stopper from the
bottle, water may enter at a higher velocity than the sediment particles which
tend to follow their original path, due to their higher speoific gravity. This
means that the sediment concentration in the bottle may be lower than in the
river at the point of sampling. On the other hand the escaping air may cause so
much turbulance that the influence of the initial inrush is negligible. Another
aspect of this method is the possibility of sediment increase in the bottle
while it is being pulled to the surface. The heavier sediment particles can not
move any as quickly as water and may be caught in the bottle opening. It was
obvious that this sampling method had to be checked and some calibration tests
were carried out by the travelling field officers during the three years the
sampling was in progress.

e. CHECKING OP SAMPLING METHOD

Two types of sediment samplers were used as checking instruments,
against the very simple method described. One instrument of the horizontal
instantaneous type was locally manufactured in Dar es Salaam early in 1957
using a Dutch design, and in the same year, a similar Italian instrument
manufactured by STRA, Venice, type 0.M.I., was made available by FAO.

Forty eight check measurements with an average of 6 measuring points
in each were taken using these samplers. At the same time one or more bottles
were collected in the usual way, and the results compared. Assuming that the
relation is linear, the following equation could be established applying the
method of the least squares:

y = 0.916 x 3.9

y is the sediment concentrations in p.p.m. collected with the sampling instrument
and x the corresponding values of the bottle samples. The correlation co-
efficient (r) is 0.98. The result is shown in illustration at the end of this
chapter.

It seems that the samples collected with a bottle tend to give con-
centrations on the high side. On an average these results are 8% higher than
those collected with the sampling instrument.

Of the 48 measurements 5 had a deviation of 50% or more from the
corresponding instrument sample, 6 had a deviation between 25 and 50%, 18 between
10 and 25% and 19 showed deviations of less than 10%.

Another method of testing was carried out by collecting three or four
bottles at the same time and point. The arithmetic mean of each set and the
individual deviations from this mean were computed. Out of 100 such sets of
samples 3 sets showed individual deviations of 50% or more, 17 sets had
deviations between 25 and 50%, 28 sets between 10 and 25% and the remaining 52
sets had only individual deviations of less than 10%.

It may be concluded from the above that the individual error made by
using a bottle for sampling seldom exceeds 50%. The errors are sometimes
positive, and sometimes negative, but the total error in suspended sediment load
computations,for longer periods will be considerably less than indicated by the
individual sample errors.
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These considerations apply only beoause of the very low sediment load
concentration of the investigated rivers. The errors made by such a simple
sampling method would most likely be much greater in rivers with high sedimentary
load.

f. CALCULATION OF SUSPENDED SEDIMENT LOAD

The suspended sediment load at time of sampling is computed with the
fanotion:

qc

35.3 X 106

where M is the uuspended sediment load in metric tons per day, q is the discharge
in auseos at time of sampling and o is the sediment conoentration in milligrammes
per litre. If q at time of sampling is taken as the daily average discharge,
then the daily sediment transport is computed by simple multiplication.

Monthly and annual totals of suspended sediment load is very often found
oomputed in the same way as runoff by applying rating curves. Pico such curves
are shown as an example at the end of this chapter. It will be seen that most
of the individual meauurements deviate considerably from a median rating curve
and grave errors wauld be introduced if uuch a curve was applied directly in the
computations.

The same considerations as in the Stout Method for runoff computations
have therefore also been applied in the calculations of suspended sediment load.
The method implies that deviations in waterlevel from an established median or
balance sediment rating curve is computed for each date of sampling. These
differences can give both positive and negative values. For days in between
sampling dates, water level deviations are coMputed by interpolation and the
observed water levels adjusted accordingly. When this is done the median curve
can be applied in the computations and the derived result conforms to each
individual sample which are consequently assumed correct. In practice this means
that a new rating is established for each date of sampling and that the previous
as well as the following sample are oonsidered when this rating'is established.
(For details see 91 10. 398-401). Discharge figures can, if preferred, be used in
the computations instead of water levels.

g. TABULATION AND MAPPING OF RESULTS

Sampling stations with number, name of rivers and period covered by
sampling, are listed in the Schedule of Gauging Stations, table I.

The actual observations and results of each individual sample and analysis
-are for space reasons not included in this report. All these data are given in a
separate binder to the Department of Water Development and Irrigation, Dar es
Salaam, and the more detailed information can be extracted from this source if
required.

Table X. Contains suspended sediment load totals per month and year for the
observation period at the various stations. The tabulation also includes suspended
sediment concentrations which is the weight percentage of runoff, and finally the
sediment production, which is the suspended sediment transport expressed in metric
tons per sq. mile.
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Table XI. Shows the maximum and minimum concentrations observed at each
station.

Table XII. Summarizes the annual sediment concentration and production, and
gives average values for the years of observation. The latter information is also
shown on the Sketch Map, page 234.

h. DIiCUSSIONS OF RESULTS

Great Ruaha River. In the headwater tributaries of the Great Ruaha the
suspended sediment concentration diffars very little. The Kimani, the Great
Ruaha itself, the Mbarali and the Halali show average annual concentrations from
0.015 to 0.020%. The Chimala is remarkably low with 0.006% only. All th6se
rivers are gauged at the.Great North Road before they enter the Usangu Plain.
The suspended sediment production on the Mbarali at Rujewa Trial Farm is
approximately double that of Igawa, 15 miles upstream. This may be explained by
the fact that the river enters the Usangu Plain juSt downstream of Igawa and
frequently changes its course in the sandy alluvial plain. In addition, much
sediment may be added by the Mlombosi, a tributary joining the Mbarali between
Igawa and Rujewa.

The Ndembera and Little Rudha carry very little suspended sediment at
their sampling stations, Ilongo and Iringa.

The Kisigo is an intermittent river with very sudden and flashy floods,
but the suspended sediment transport during the few months of runoff is very low.
It is suspected that the bed load transport is comparatively high in this river.

On the Great Ruaha there is a trend of increase in the suspended sedi-
ments concentration from the headwaters down to litera and Mbuyuni. From Mbuyuni
to Kidatu, no change of significance can be traced_ although the Ldkosi tributary
has a much lower concentration than the Great Ruaha itself.

Kilombero River. The rivers in the upper region of the Kilombero Valley,
the Mpanga, the Mnyera and the Ruhuji, did not any large amounts of suspended
sediments in the year of observation. About the sane amount as the total of
these three was observed at Ifwema downstream of their confluence. Below Ifwema
the Kilombero is joined by the Furua River which has a higher suspended sediment
concentration than any of the other rivers investigated.

The Kilombero loses most of its suspended sediment load, aoproximately
half a million tons per year, before it reaches Ifidkara. The loss is particularly
big during the rainy season when material is redeposited on the flood plains.
The suspended sediment transport at Ifakara and Ifwema was higher in 1953-59 ihan

in previous years. The flood was'comparatively low in 1959 and the flow was to a

greater extent restricted to the actual river channel where the velocity is

higher and the possibility of redepositing considerably lessened.

On an average the Great Ruaha at Kidatu aarries about three times as
much suspended sediment load as the Kilombero at Ifdkara. The average annual

runoff, however, is about 1/5 only of that of the Kilombero, and consequently
the sediment concentration is much higher on the Great Ruaha than on the

Kilombero.
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Rafiji River. The suspended sediment concentration on the Rufiji at
Stiegler's Gorge is much higher than that of the Kilombero and Great Ruaha.
The annual totals can be listed as follows:

Annual Suspended Sediment Transport in Tons

Stiegler's Gorge Swero plus Kidatu Difference

The corresponding average monthly values are shown graphically on
page236.'

By methods of analogy, the total suspended sediment transported in the
entire Great Ruaha and Kilombero catchments can be estimated, and the con
tribution from the partial sub-catchment down to Stiegler's Gorge is represented
by the difference between this and the Stiegler's Gorge figures. The resulting
sediment production is comparatively high, 915 tons per sq.mile per year
corresponding to a concentration of 0.45%.

Luwegu River. There is but little doubt that most of this suspended sediment
comes from the Luwegu sub-catchment. Very little is known about the hydrology
of this river except that uadden and very often early floods occur, probably
causing some of the highest floods of the lower Rufiji. The area consists of
Karroo and possibly younger continental sediments which erode at a faster rate
than the crystalline rocks of the Great Ruaha and the Kilombero sub-catchments
(cf. Haldemann, Vol VI part 1, 4 and part 2, 4).

i. GRAIN SIZE DISTRIBUTION OF SUSPENDED SEDIMENT

Particle size analyses have been oarried out with a Bottom Withdrawal
Tube according to a.theory based on the Oden Curve and Stoke's Law. The method
which is fully described in the literature (13) can be used to analyse size of
particles with a diameter between 0.001 and 1 mm. in.sediment concentrations
between 300 and 10.000 parts per million. The method was successfully-tried out
at the Government Chemical Laboratory. Some fifty samples were analysed and
cases with unsatisfactory results were-generally due to insufficient quantities of
suspended sediment in the samples. It'was observed that many ,samples contained a
comparatively small amount of clay and fine silt. This may be so, but there is
a possibility of the fine material having coagulated into ..Treater particles during
the time lapse between sampling and analysing.

The grain size distribution of 19 saMples is shown graphically, page236.
The amount of particles with diameter size as indicated are presented cumulatively
as a weight percentage of the total overdried sediment in the sample.

The number of analyses is too small to draw any definite conclusion but
it seems that the first flood after a dry spell carries a larger amount of fine
material than the floods which occur later in the wet season. The amount of fine
material seems also to be comparatively small and of a decreasing order in periods
just following a high flood.

1957-58 13,943,762 1,648,375 12,295,387
1958-59 15,857,620 1,001,239 14,856,381



MINERALOGICAL ANALYSES

.The Department of Geological Laboratory Service, Dodoma, has carried
out some mineralogical analyses and maintains that the sand in any river load
is almost bound to consist largely of quartz, felspar and mica. The rarer
minerals are usually present only in very small quantities and proved in fact
to be absent in the samples analysed.

CONCLUSIONS

The suspended sediment concentration is low for all the rivers inves-
tigated. The annual values are always less than 0.1% and even the highest
monthly averages exceed this value at very few stations only. The sediment
production is, with the exception of Furua and Luwegu, less than 400 tons per
sq.mile per year.

Even if a safety margin of 100% is considered, the useful lifetime of
future reservoirs will not be endangered by suspended sediment. An exceptional
case is the Luwegu River.

Between 85 and 99% of the annual sediment transport takes place usually
during the five months from January to May. The sediment concentration is
highest during rising stages of a river and the maximum is generally observed
during the first floods of the hydrological year in December and January. The
maximum sediment production usually occurs during March and April, the months
of maximum runoff. This is illustrated by three examples page 235.

1. FTURE INVESTIGATIONS

It would be of great value if regular observations on suspended sediment
transport could continue at a few stations for many years to come. It would be
practical to select some representative stations and the following four are
suggested.

When the number of sampling stations is reduced to four only it would
be possible to equip the stations with adequate sampling instruments and collect
samples at more frequent intervals than previously done.

In addition, it is most desirable that sampling should be carried out

on tributaries not yet investigated. It is especially important that proper
sampling should begin on the Luwegu. Where large areas are flooded observations
should be made higher up, to assess the amount of sediment removed from catchments.

1. Rufiji River at Stieglerts Gorge Station No. 1K3.

2. Great Ruaha River at Mtera Station No. 1KA5.

3. Mbarali River at Igawa Station No. 1KA11.

4. Kilombero River at Swero Station No. 1KB17.



River: Rufiji,

2C6

TABLE X - SUSPENDED SEDIEENT LOAD

61106 sq.miStation: Stieglerls Gorge. No. 1E3. Catch.Area:

Year Tons Concentration Production
f. of runoff tons per sq. mile

1955/56
Nov. (20 001 - 0.3
Dec. 7.58 000 - 2.6
Jan. 465 000) - 76.1
Feb. 8 973 000 0.158 146.8
Mar. 2 699 000 0.051 44.2
Apr. 9 418 000 o 103 154.1
Mayo 1 279 000 00023 20.9
Jun. 387 000 00014 6.3
Jul. 151 000 0.010 2.5
Aug. 58 000 0.005 0.9
Sep. 29 000 0.004 0.5
Oct. 14 000 0.002 0.2

Total s 27 836 000 0.076 4555
1956/57
Nov. 10 000 0.003 0.2
Dec. 125 000 00025 2.0
Jan. 760 000 0.059 12.4
Feb. 1 111 000 0.047 18.2
Mar. 1 716 000 0.071 28.1
Apr. 3 124 000 0.065 51.1
MaY. 2 747 000 0.048 45.0
Jun. 417 000 0.016 6.8
Jul. 72 000 00005 1.2
Aug. 33 000 0.003 0.5
Sep. 18 000 0.002 0.3
Oct. 15 000 0.003 0.2

Total s 10 148 000 0.046 166.1

1957/58
Nov. 28 ow 0.008 005
Deco 165 000 0.030 2.7
Jan. 473 000 0.044 77
Feb. 1 289 spoo 0.1074 21.1
Mar. 5 824 000 0.154 9503
Apr. 4 088 000 0.071 66.9
Mayo 1 683 000 0.035 27.5
Juno 250 000 0.012 4.1
Jul. 71 000 0.0°6 0.2
Aug. 24 000 0.003 004
Sep. 38 000 0.007 0.6
Oct. 13 000 0.004 0.2

Total s 13 946 000 0.061 22702
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River: Rufiji.

TABLE X SUSPENDED SEDIMENT LOAD

Catch.Areas 61106 sq.m.Station: Stieglerts Gorge. No: 110.

Year Tons Concentration
% of runoff

Production
tons per sq. mile

1958/59
7 000 0.003

Dec. 3 059 000 0.321 50.1

Jan. 2 517 000 0.188 41.2
Feb. 3 599 000 0.182 58.9
Mar. 4 786 000 0.132 78.3
Apr. I 215 000 0.037 19.9
may. 432 000 0.015 7.1
Jun. 121 000 0.009 2.0
Jul. 47 000 0.005 0.8
Aug. 48 000 0.008 0.8

Sep. 12 000 0.003 0.2

Oct. 15 000 0.006 0+2

Total s 15 858 000 0.090 259 05



Year Tons

--mat
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TABLE X - SUSPENDED SEDIMENT LOAD

River: Little Ruaha. Station: Iringa. No: 1TCA2. Catch, Area: 1127 sq.m.

Cioncentration
°A of runoff

Production
+one per sq.mile

Nov, 515 0.002 0.3 (Nev.ass.)
Dee 1 354 0.005 1.2
Jan,
Feb.

5 711
4. 617

0.010
0.006

5.1

Mar,
Apr.

1 702
¡f575

0.005
0.003

1.5

MAT. 2 632 0.005 2.3
Jun. 184.0 0.003 trG
Jul. 276 0.001 0.3
Aug. 1514 0.004 1.3
Sep, 2 008 0.007 1.8
Oct. 684. 0.003 0.6

Total 27 229 0.004. 24..2

1957/58
Nov. 335 0.002 0.3
Deco 540 0.002 0.5
Jan. 1 262 0.004 1.1

River: Little Ruaha Station: Ihimbu Oatcbra.Areas 957 SCUM

1957/58
Feb. 2 251 0000 2.3
Mar. 2 718 0.002 2.8
Apr. 711 0.001 0.7
MAT. 1 233 0.002 1.4.
Jun, 926 0.002 1.0
Jul.. 698 0.002 0.7
Aug* 529 0.002
Sep. 420 0.002 0.4.
Oct. 199 0.001 0.2

Total 0.002 (12.4)

1958/59
Nov, 89 0.001 0.1
Fee,
Jan,
Feb.

684.
2 156
3 051

0.003
0.006
0.007

0.7

3.2
Mar, JF 988 0.007 5.2
.Apro 7 657 0.009 8.0
May. 735 0.002 0.8
Jun. 440 0.001 0.5
Jul. 321 0.001 0.3
Aug. 502 0.001 0.5
Sep. 239 0.002 0.2
Oct. 200 0.002 0.2

Total s 3842 0.005 21.8
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River: Great Ruaha.
TABLE X SUSPENDED SEDIMENT LOAD

30905 sq.m.Station: Kidatu. No. 1KA3. Catch.Area:

Year Tons Concentration
% of runoff

Production
tons per sq. mile

195637
hoy. 1 568 00004 0.09
Dec 26 0.004 0.1
J8M6 5? 340 0.037 1.7
Feb. 382 623 0.032 12.3
Mar. 195 457 0.029 6.3
Apr. 472 580 0.043 15.3
MAT. 102 243 0.011 3.3
Jun, 42 600 0.011 1.4
Jul. 11 130 0.006 0.4.
tug. 5 140 o.ocup 0.2
Sep.
Oct.

2763
2 085

0,004.
0.003

0.1
0.3.

Total : 1 272 732 0.028 41,2

1957/58
Novi 1 538 0.003 0.05
Dec. 1 395 0,003 0.05
Jan, 9 248 0.011 0.3
Feb. 180 919 0.051 5.9
Mar. 265 983 0.040 8.6
/pr. 414 263 0.035 13.4-
May. 200 529 0.029 6.5
Jun. 34. 933 0.013 1.1
Jul. 11 470 0,008 0.4.
Aug. 4 618 0.005 0.2
Sep. 1 827 0.003 0.05
Oct. 907 0.002 ..

Total s 1 127 629 0.031 36.5

1958/59

Nov.
Leo,

633
29 934

0.002
0.029 1.0

Jan, 32 916 0.029 1.1
Fab. 56 056 0.038 1.8
Mar. 186 124 0 .034. 6,0

APro 281 952 0.034. 9.1
May. 74- 46 0.016 2.4
Jun. 16 707 0.008 0.5
Jul, 7 582 0.006 0.2
Aug. 2 260 0.003 0007

Sep. 1 062 0,002 0003
Oct. 63.2 0.001

Total a 689 804 0.025 220
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TABLE X SUSPENDED SEDIMENT LOAD

River: Great Ruaha. Station:

Year Tons

-1ST-
Nov. 806
Dec. 2 360
Jan. 21 705
Feb. 217 399
Mar. 200 652
Apr. 378 856
May, 125 665
Jun. 36 728
Jul. 9 663
Aug. 4594
Sep. 2 011
Gat, 1 217

Total : 1 001 656

Into
Nov. 1 078 0.008
Dec 3 162 0.018 0.1

Jan, 24 695
0:20

0.8
Feb. 201 476 3,5
Mar. 295 385 0.049 10.2
Apr. 194 637 0.022 6.7
104o 104. 745 0.023 3.6
Jun. 28 007 0.017 1.0
Jul. 5 505 0.006 0.2
Aug, 3 064 0.006 0.1
Sep. 1 471 0.005 04
Oct. 1 500 0.007 04
Total : 764 723 0.028 26.5

195gia
Nov.
Dec.
Jan.
Feb.
Mar.
Apro
Lipyt,

unJ.
Jul.
Aug.

8.3
8.8
2.2
0.6
0.3
0.1

Eep.
Oct.

Total : (24)

AM.

239 500 0043
54.040

262 754.
0.037
0.018

17 775 0.014
7 701 0.010
1 967 0.005

927 0.005
807 0.007

693 552 0.032

Mbuyuni. No. 11C14. Catch.Areas 28898 sq.m.

Concentration
% of runoff Tons

Produotion
per sq.. mile

0.008 4101.

0.013 0.1
0.021 0.8
0.034 7.5
0.038 6.9
0.041 13.1
0.020 4.3
0.015 1.3
0.008 0.3
0.006 0.2
0.005 0.1
0.005

0.030 34..7
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TABLE X SUSPENDED SEDIMENT LOAD

River:

1957/58

1958/59

Great Ruaha. Station: Mtera. No: 1KA5. Catch.Area: 26254.

Year Tons Concentration
%go of runoff

Production
tons per sq.mile

1956/57

Nov.
Dec.

(500)

5 751
0.004
0.032 0.2

Jan.
Feb.

49 332
248 823

0.042
0.041

1.9
9.5

Mar.
Apr,
May.
Jun.
Jul.
Aug.

Sep.
Oct.

123 652
287 782
52 956
241) 277
10 799

3 778
3 503
2 257

0.022
0.034
0.009
0.007
0.008
0.006
0.010
0.009

407
11,0

2,0
0,8
0.4
0.2
0.1
0.1

Total : 809 410 0,025 30.9

Novo
Dec.
Jan.
Feb.
Mar,
Apr.
Mear
Jun.
Jul.
Aug.
Sep.
Oct.

529

3 685
22 453

100 021
129 800
117 674
77 303
29 279
14. 233

4. 271
2 965
1 669

0.004
0.021.
0.030
0.030
0.025
0.014
0.017
0.017
0.016
0.009
0.010
0.009

0.1
0.9
309
5.0
4.5
2.9
101
0,5
0.2

0.1

Total: 503 882 0.020 19.3

Nov.
Deco
Jan.
Feb,
Mar.
kpr.
1147.
Jun.
Jul.
Aug.
Sep.
Oct.

425

51 430
25 981
35 740

170 324
158 278
102 736

21 886
10 082

2 998
1 045

553

0.005
0.059
0.029
0.029
0.032
0.023
0.027
0.014
0.013
0.004
0.005
0.004

2.0
1.0
1404
605
6,0

0.8
0.4

IWO

Total : 581 478 0.026 22.1
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River: Chimala.

TABLE X. - SUSPENDED SEDIMENT LOAD

328 sq,4114.Station: Chimala. No: 1KA8. Catchehreas

Year Tons Concentration Production
% of runoff tons per sq. mile

1956/57
Nov. 58 0.003 0.7
Dec. 110 0.005 1.3
Jan. 335 0.004 39
Feb. 1 099 0.005 12.9
Mar. 2 931 0.020 34.5
Apr. 2 766 0.007 32+5
May0 231 0.002 207
Jun. 21 - 0.2
Jul. 14 - 0.2
Aug. 22 0.001 0.3
Sep. 32 0.002 0.4
Oct. 50 0.003 0.6
Total s 7 669 0.007 90.2
1957/58
Nov. 102 mob 1.2
Dec. 156 0o005 1.8
Jan, 462 0.009 5.4
Feb. 639 0,014 7.5
Mar. 1 324 0.007 15.6
Apr. 537 0.004 6.3
X9.y. 193 0.002 2.3
Jun. 20 00001 0.2
Jul. 30 0.001 0.4
Aug. 56 0.002 0.7
Sep. 55 0.003 0.6
Oct. 30 0.002 0.3

Total s 3 604 0.005 42.4

1958/59
Nov. 127 mod 1.5
Dec. 431 0.009 5.0
Jan. 327 0.004 3.8
Feb. 1 077 0.005 12.7
Mar. 3 10 00007 36.5
Apr. 1 465 0.006 17.2
May. 435 0.004 5.1
Jun. bo 00001 0.7
Jul. 24 0.001 0.3
Aug. 15 0.001 002
Sep. 16 0.001 0.2
Oct. 33 0.002 0.4
Total s 7 115 $0.4006 83.7
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River:

TABLE X - SUSPENDED SEDIMENT LOAD

328 sq.m.Great Ruahao. Station: Gt.N.Road. NI IKA8. Catoh.Area:

Year Tons Concentration
% of runoff

Production
tons per sq. mile

1956/57
Nov. 49 0.001 0.2
Dec. 126 0.002 0.4
Jan. 4 770 0.018 14.5
Feb. 17 522 0.018 53.4
Mar. 7 016 0.010 2104
Apr. 21 630 0.015 65.9
May. 1 402 00003 4.3
Jun. 91 0.3
Jul. 38 - 0.1
Aug. 22 - 0.1
Sep. 15 - -
Oct. 18 - -
Total 1 52 699 0.012 160.7

1957/58
Nov. 60 0.001 0.2
Dec. 856 0.007 2.6
Jan. 1 802 0.0o6 5.5
Feb. 18 102 0.032 55.2
Mar. 48 739 0.034 148.6
Apr. 27 742 0.039 84.6
May. 3 728 0.009 11.4
Juno 183 0.001 006

Jul. 115 0.001 0.4
Aug. 86 0.001 0.3
Sep. 66 0.001 0.2
Oct. 34 0.001 0.1

Total 4 101 513 0.025 30905'

1958/59
48 0.001 002Nov.

Dec. 1 194 0.006 3.6
Jan. 12 527 0.035 38.2
Feb. 12 191 0.015 37.2
Mar. 75 141 0.036 22901

Apr. 11 883 0.016 36.2

Mayo 682 0.002 2.1
Jun. 149 0.001 0.5
Jul. 128 0.001 0.4
Aug. 140 0.001 0.4
Sep. 178 0.001 0.5
Oct. 182 0.001 0.5

Total s 114 443 00021 348.9
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TABLE X - SUSPENDED SEDIMENT LOAD

River: Kimani. Station: Gt.N.Road. No: 1KA9. Catch.Area: 173 sq. m.

Tear Tons OOncentration Production
% of runoff tons per sq.mile

1956/57
Nov. 12 0.001 0.1
Doe 21 0.001
Jan. 107 0.001 (46
Feb. 4.696 0.008 27.1

2140 0.004 12.4
Apr. 2 289 0.0. 13.2
Nay. 380 0.002 2.2
Jun. 172 0.002 1.0
Jul. 124 0.002 147
Aug. 75 0.002 0.4
Sep. 41 0.002 0.2
Oct. 23 0.001 0.1

TOtil 1o«080 0.004 58.3

1957/58,

Nov. 14 0.001
Dec. 41 0.001 0.2
Jan. 380 0.033 2.2
Febo 2 076 0.009 1240
Mar. 6 838 0.009 39.5
Apr.
Nay.

if 006
395

0.009
0.003

23.2
2.3

Jun.
Jul.

773,
750

0.013
0.020 4.3

Aug. 438 0.017 2.5
Sep.
Oct.

196
.9

0.010
0.001

1.1
0.1

Total s 15 916 0.009 92.0

1958/59
Nov. 5 0.001 gar

Dec. 73 0.002 0.4
Jan. 1 594 0.011 9.2
Feb. 1 038 0.004 6.0
Mar. 60 670 0.071 351.0
Apr.
MeY,
Jun.

3 855
68
28

0.009 22.3
0.4
0.2

Jul.
Aug.

35
15

0.001 0.2
0.1

8e10. 14. 0.001 0.1
Oat. 11 0.001 0.1

Total: 67 405 0.033 390.0



River: Mbarali.

TABLE X - SUSPENDED SEDIMENT LOAD

619 sq.m.Station: Igawa. No: flail. Catch.Areat

Year Tons Concentration
S of runoff

Production
tons per sclimile

122201
Nov.
Dee.
Jan.
Feb.
Mar.
Apr.
XV.
Jun.
Jul.
Aug.
Sep.
Oct.

53
669

2 384
8 889
5 451

13 641
1 030

119
42

176
132

98

0.001
abet*
0.006
0.009
0.007
0.011
0.002

-
..

o.00l
0.001
0.001

0.1
1.1
309

1.4
8.9

22.0
1.7
0.2
0.1
0.3
0.2
0.2

Total s 32 685 0.006 52.8

1,g/58
Nov.
Dac,
Jan.
Feb.
Mar.
Apr.
Mg*
Jun.
Jul.
Aug.
SaP.
Oct.

63
855

10 764.
12 987
1i0702

7 269
2 148

341
92

166
157
129

0.001
0.034
0.028
0.028
0.033
0.012
0.006
0.002
0,001
0.001
0.001
0.001

04
1.4

17.4
21.0
65.8
11.7

305
0,6
0,1
0.3
0.2
0.2

Total : 75 653 0.018 1224

1958/59

Nov, 3.30

re434, 2 688
Jan. 34 074.
Feb. 7 307
3dar 45 726

kr 13 579
kW'. 497
Ja4 278

Jul. 169

Aug. 85
Sap, 275

Oat. 164.

Total S 84 962

0.001
0.013
0,036
0.019
0.041
0,017
0.002
0.001
0.001
0.001
0.002
0.001

0,021

0.2
4.3

22.7
11.8
73.9
21.9
0.8
004.
0.3
03
0.4
0.3

137.3
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TABLE X SUSPENDED SEDIMENT LOAD

Ri4ert Halali. Station: Iyayi. No: 1KAl2. °atolls/treat 302 sq.m.

Year Tons Concentration
% of runoff

Production
tons per sq. mile

1957/58

Noy. e e e
Dec. (500) 0.025 109
Jan. 3 870 0.037 12.8
Feb. 2 157 0.015 7.1
Mar, 13 580 0.027 45.0
Apr. 957 0.005 3.2
N*Y. 370 0.004. 1.2
Jun. 54. 0.002 0.2
JUL. 7 e e
Aug. 3 e e
Sep. 2 e -
Oct. 1 e -
Total s 2L 561 0.019 7144

1958/59

Ndv. 1 e -
Leo. 350 0.024. 1.1
4.71206 160 0.012. 0.5
Pet 1 750 0.022 5.8
Mar. 10 562 0.035 35.0
Apr. 5 420 0.021 17.9
may.. 295 o.4. 14
Jum4 611. 0.002 0.2
Jul. 3 e -
Aug. 2 e -
Sep. 1 e e
Oct 5 e e

Total s 18 6L3 0.023 61.6



TABLE X SUSPENDED SEDIMENT LOAD

1957/58

217

e

0.3
0.5
0.6
0.2
oa

1.9

Rivers Ndembera. Station: hongo. Nos 1KA15. Oatoh.Areat 404 sq. m.

Year Tons Concentration Production
% of runoff tons per sq. mile

1954/57
Nov.
Dec.

3
33

0.001
0.006

CO

0.1
Jan,
Feb.

65
1E0 0.001

Mar, .14 0.001 0.3
Apr. 182 e 0.5
NV.
Juno

117
76

e
0401

0413
0.2

Jul. 34 0.001 0.1
Aug.
Sep.
Oct.

17
9
6

0.001
0.001
0.001

e
e
e

Total 1 816 2.0

Nov'. 3
4

0.001
0.001

Jan. 49 0.001
Feb. 107 0.001
Mato 200 0.001

APro
Nty.
Jun.

239
98
29

0.001
0.001
0.001

Jul. 17 0.001

Aug.
Sep.
Oat.

12
6

0.001
0.001

e

Total 0.001
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River:

River: Monto Stationi Milla Nos1iA29 Catoinateat 54.38 SCIela

1957/584

Nov. e e e
Deo, e e e
Jan. e e e
Feb. if 20 0.005 0.8

Mar. 7 117 0.008 1.3
Apta. 3 433 0.015 0.6
may. 302 0.002 e
Jun. 8 0.009 e
Jul. e e e
Aug. e e e
Sep. - e e
Oct. e e e

Mbarali.

TABLE X SUSPENDED SEDIMENT LOAD

Station: Rujewa. No: 1KA19.

Year Tons Conctntration Production
% of runoff tons per sqimils

1958/59

Nov. (210) 0.002 0.3
leo. (5 524) 0.023 7.2
Jan. 47 043 0.103 614
Feb. 15 912 0.037 20.9
Mar. 75 329 0,057 98.9
Apr. 6D 84 0,065 79.8
Mear. 2 648 0.008 3.5
Jun. 1 112 0.005 1.5
Jul. 593 0403 0.8
Aug. 624 0.004 0.8
Sep. 451 0404 0.6
Oct. 422 0.004 0.6

Total : 20 672 0445 276.5



1117 sq.m.River: Lukosi.

TABLE X SUSPENDED SEDIMENT LOAD

Oatch.Area:Station: Mtandika. Fo: 1KA37.

Year Tons Concentration Production
S of runoff tons per sq.mile

NOv.
Dec.
Jan.
lib. SIP

Mar.
Apr.

sì
Mayo
jum.
Jul.
Aug. 1 061 0.003 0.9
sep. 831 0.002 0.7
Oct. 527 0.002 0.5

Total
1957/58

Nov. 201 0.001 0.2
Dec. 1 453 0.004 1.3
Jan* 5 592 0.017 5.0
Feb. 4.982 0.011 4.5
Mar. 23 581 0.028 21.1
Apr. 28 780 0.023 25.8
Mayo
Jun,

9 097
1 144

0.011
0.002 1.0

Jul. 759 0.002 0.7
Aug.
sep.

752
1 100

0.002
0.003

0.7
1.0

Oct. 762 0.002 0.7

Total t 78 200 0.013 70.0

1958/59

Novo
DOC.
Jan.
Feb.
Mar.
Ayr.
MAY.
Jun.
Jul.
Aug.
Sep.
Oct.

980
4 838
2 579
331+8
6 465
5 962
3 777

815
961
730
339
493

0.003
0.011
0.007
0.008
0.012

0.011
0.008

0.003
0.003
0.003
0.001
0.002

0.9

4.3
2.3
3.0
5.8
5.3
3.4.
0.7
0.9
0.6
0.3
0.4

Total 31 287 0.007 28.0
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TABLE X - SUSPENDED SEDIMENT LOAD

River: Kisigo. Station: Eirrungaru. 1KA420 Catcli.Area: 9476 sq,m.

Year Tons Concentration
% of runoff

Production
tons per sq. mile

1957/58
Nov.
Dec.

Jan,

Ptbe
Mar. 64 741 0.041
Apr. 4 645 0.016 0.3
Man, 4 614 0.024 0.5
Jun.
Jul.
Aug.

8,14
Oct. -

Total :
1958/59

Nor. OS

Leo. -
Jans4 4 514 0.020 0.5
Feb. I 875 0.012 0.2
Mar. 4.6 105 0.028 4.9
Apr. 13 458 0.031 1.4
1140
Jun,
Jul. a
Aug,
sep.
Oct.

Total:
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Riverk

Total s
1958/59

429

e
11

0.001

0.007

093

e
eNbv.

Dec.
Jan.
l'ab.

9
84.

0.003
0011 0.1

Mar.
APr.

3 933
163

0.009
0.002

2.7
0.1

May. 9 0.004.

Jum4
e

Jul. e -
Aug. - ve

Sep. 110
e
e e

Oct. e

Total: 439 0.008 2.9

TABLE X SUSPEBDED SEDIMENT LOAD

1457 sciinit.Kjombe. Stations Isanga. Nos IKA43. Oat4hwAreas

Year
/AS

Tens Conoentration Production
of runoff tons per sqi mile

;957156
Nov. e e
Da% e e
Jan. e e
Feb. 34. 0.012
Mar. 292 0.001 0.2
APro
MAY.
Jun.
Jul.

66
36

1.5
e

0.001
0.005
0.014

S
e

e
e
e
ekg. S

8.1). e e
Oct. S e



-222-

River: Kilombero.

TABLE X - SUSPENDED SÉDIMENT LOAD

12063 sq.m.Station: Ifakara. No: 11OE2. Catch.Area:

Year Tons Concentrat ion
% of runoff

Production
tons per sq,mile

1954/57
Nov. 15 804 0.004 103

Dec. 11 542 0.003 140

Jan. 29 688 0.005 2.5

Feb. 20 261 0.003 147

Mar. 16 578 0.002 1.4

Apr. 54 184 0.002 445
Mayo 46 206 0.001 3.8

Juno 34 956 0.002 2.9

Jul. 20 700 0.003 107
Aug. 21 148 0.003 1.7
Sep. 18 488 0.004 1.5

Oct. 14 436 00003 142

Total s 303 991 0.002 25.2

1927/58
Nov. 17 513 0.005 1.5
Deco 25 999 0.007 2.2

Jano 32 037 0.006 2.6
Feb. 28 197 0.005 2.3

Mar. 13 669 0.001 1.1
Apr. 25 092 0.001 2.1
Mayo 17 841 1.5

Jun. 12 925 0.001 100

Jul. 23 034 0.003 1.9

Aug.
Sep.
Oct.

22 488
19 927
21 934

0.004
0.004
0.005

1.9

1.7
1.8

Total 260 656 0.002 21.6

1958/59
16 755
14 537
18 776
31 998

0.005
00004
0.003
0.004

1.4
1.2
146
2.7

Novo
De0.5
Jan*
Febo
Mar. 54 097 0.005 4.5
Apr.
MAY0

Jun,

69 339
74 822
38 736
30 919

0.005
0.005
0.007
00007

5.7
6.2
3.2
2.6

Aug.
Sep.
Oct.

25 030
15 592
8 560

0.006
0.005

0.003

2.1

1.3

0.7

Total s 399 161 00005 33.1
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TABLE X SUSPENDED SEDIMENT LOAD

River: Lumemo. Station: Ifakara. Not 103. Catch.Area: 165 &Ism.

Year TOMB Concentration Production
% of runoff tons per sq.mi1

195647
Nov. 3.84. 0.002 1.1
rea. 29«? 0.026 17.9
Jan, 11 757 0.049 71.3
Feb. 2 877 0416 174.
Mar, 2 227 1.010 13,5
Apr,
MaY
Jun4

27 965
7 279
1 612

0.032
moo
0,004

169,5
44.4
9.8

Jul, 97i. 0.003 5.9

Aug* 422 0.002 2.6

Sep. 1 913 0.014 11.6

Oct. 444 0.003 2.7

Total : 60614. 0.016 367.4

1957/58

Nov.
Dec.
Jan.

240
258
332

0.002
0.002
0.003

15
1,6
2.0

Feb, 1 296 0.012 7.9
Mar.
Apr,
Ma*
Jun.
Jul.
Aug.
Sap,
Oct.

6 018
18 039
4 262
3. 640

679
297
315
83

0.012
0.017
0.006
0.007
0.003
0.002
0.003
0.001

36.5
109.3

25.8
9.9
4.1
1.6
1.9
0.5

Total : 35 459 0.009 202.8
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River: Kilombero...

TABLE. X SUSPENDED SEDIMEET LOAD

7040 boa.,
Productian

tons per sq. mile
ISIWIS111104,

Station: Ifwema. Nos 1KB4. Catch...Area:

Year Tons Concentration
% of ranoff

1956/57
Nov. 6 703 0.003 1.0

Dec. 30 156 0.009 4.3

Jan. 108 229 0.018 15.4

Feb. 116 648 0.014 16.6

Mar. 71 432 0.009 10.1

Apr. 216 302 0.016 30.7

May. 0.010 13.9

Jun.

r8
55 621 0.009 7.9

Jul.

2131

46 285 0.009 6.6

Aug. (36 150 0.009 5.1

Sep. 20 523 0.006 2.9

Oct. 17 616 0.005 2.5

Total 1 823 869 0.011 116.9

1957/58
Nov. 0.005 1.6

Dec.

{11

55 078 0.013 708

Jan. 82 323) 0.014 11.7

Feb. 89 870 0.016 12.8

Mar, 66 576 0.007 9.4

Apr. 97 062 0.008 13.8

May. 78 349 0.008 11.1

Min. 54 943 0.010 7.8

Jul. .35 804 0.009 5.1

Aug. 20 108 0.006 2.9
Sep. 18 426 0.007 2.6
Oct. 11 139 0.003 1.6

Totals 620 681 0.009 88.1

1958/59
Nov. 13 133 0.006 1.9

Dec. 119 285 0.029 16.9

Jan, 111 388 0.021 15.8

Feb. 144 716 0.029 20.5

Mar. 245 940 0.027 34.9

Apr. 129 304 0.015 18.3

May. 59 346 0.009 8.5

Jun. 10 843 0.003 1.5

Jul. 30 080 0.010 402

Aug. 28 537 00011 4.1

Sep. 20 376 0.010 2.9

Oct. 14 585 0.007 2.0

Totals 927 533 0.017 131.6
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Rivers!

TABLE X :sunup= :SEDIMENT LOAD .

395 BCI.MaWhombero. Station: Baga. No:. . 105. GatchaArealt

Year TonsConcentration
of runoff

Production
tons per sq.mile

22021151
Nov0 647 00008 1.6
Dec0 1 627 0.016 4,1
Jan0 1 813 0.017 4,6
Feb. 10 640 0.037 26;9
Mar* 13 253. 00036 33,6
Apra 30 495 00039 7742
may° 20 420 0.036 51.7
June. 3 677: 0420 9.3
July0 253 0.002 o06
Aug0 471 0.005 102
Sep0 255 0.004 066
Ooto 184 0.004 0.5
Total t 83 741 0.014 21200

1958/59
NOV,
Dec. 4

83
641

0.002
0,054

0.2
11.7

Jan; 24 234 0.126 61,4
Feb0 17 466 0.105 444
Mar0 8 827 0.029 22,3
Apr. 8 045 0.055 2044
Mays 2 180 0,018 5.5
June* 491 0.007 1.3
July. 187- 0.003 005
Aug. 124 00003 .003
Sep. 60 0.002 001
Oct. 3? 0.002 0.1

Total z 66 376 00015 168 4,0



River: Kigogo-Runha. Station: Frickls Bridge. No: 106.

1957/58

Nov.
Lee,
Jan,
Feb.
Mar,
API".
klor,
June
Jul.
Aug,
Sep.
Oats

Total:

120/422,
Nov,
Dec.
Jape
Feb,
Mar,
Apr,
Mat,
Jun,
Jul.
Aug.
Sep.
Oct,
Total
River: Fuagi

TABLE X - SUSPENDED SEDIMENT LOAD

Rg9si
(840)

637
777

1 389
948
548
544
455
440
321

7 278

362
624
547
462

1 182
1314.

728
393
293
324
224
208

6 661

Station: Mega

- 226-

0.003
0.003
0.003
0.001
0.001
0.001
0.001
0.002
0.002
0.002
0,003
0.003

0.002

Catch.Area:511 sq.m.

1,6
1.2
1.5
207
1,8
1.1
1.1
0.9
0.9
0.6

14,2

1956/57
Nov.
Dee,
Jan.
Deb.

10
26
74.
35

0,001
0.002
0.002
0.001

1.1
3.1

Mar.
Apr,
May.
Juno

Aug.
Sep.
Oct.

76
40
38
31
24.
14.

0.003
0.002
0.002
0,002
0,002
0.001

302
1.7
1.6
1.3
1.0
0,6

Total (682) 0,002 (28.4)

0.004 0.7
0.003 1.2
0.0025 1.1
0.0015 0.9
0.002
0,002 2.6
0.002 1.4.
0.002 0.8
0,002 0.6
0,003 0.6
0.002 0.4.
0.003 0.4

0.002 13.0

Year Tons Concentration Production
% of, runoff. tom per so. mile

No s]187 Catchm,Area: 24 soak
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TABLE X - SUSPENDED SEDIMENT LOAD

Rivers Mnyera Stations Taveta Nos 1KB, Catchm.Areas 12.50 sq.m

1958/59
1 592 0.002 0.8

Nov.

Dec.
Jan,

Feb.

Mar.
APre
May.
Jun.
Jul.

Aug.
Sep.

Oct.

14
13

30

74
25
11
3
3
3
2
2

172
767
569
198
630
115
167

476
779
412
784

0.011

0.009
0.017
0.025
0.010

0.007
0.003
0.004
0.004
0.003
00004

7.3
7.1

15.7
38.1

1301

5.7
1.6
1.8
109
102
104

Totals 186 661 0.011 95.7

Rivers Ruhuji Stations MWayamalungu Not 1KB10 Oatohm0Areas 3294 SS111

River: Mpanga. Station: Mpanga. Nos laa. Catch. Area& 937 sq.m.

Year TOns Concentration
S of runoff

Production
tons per sq. mile

1958/59
380 0.001 0.4Nov.

Dec. 8 983 0.011 9.6
Jan.
Feb.

16 016
7 688

0.021
0.010

17.1
8.2

Mar.
APr
May.
Jun.

16 482
16 886
4 712
1 379
117].

0.014
0.014
0.005
0.002
0.002

1706
18.0
5.0

1.5
1.2

Aug.
Sep.

Oct.

1 008
640

534

0.002
0.001
0.001

1.1

007
0.5

Total: 74 871 0.009 79.9

1958/59
6

71
119
62

224
155
33

11

6

4
5

733.6

331

335
294
107
205
117
016

864

408
490
418

00007
0.039
0.043
0.025
0.048
0.039
0.014
0.008
0.007
0.007
0.006
00007

109
2106
36.2
18.8
68.1

47.1
10.0
3.6
2,2
1.9
104
1.6

Nov.
Dec.
Jan.
Feb.
Mar.
Apr.
May.
Jun.
Jul.

Aug.
Sep.

Oct.

Totals 706 901 0.029 214.6
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TABLE X - SUSPENDED SEDIMENT LOAD

River: Paria. Station: Malinyi. No: 11c316. Catch.Area; 507 sq.m..

Year Tons Concentration Proftuotian
s of runoff tons per sq. mile

1957/58
Nov. (235 0.002 0.5
Dec. (7 000) 0.032 13.8
Jan* 11 611 0.045 22.9
Feb. 27 413 0.057 54.1
Mar. 153 080 0.105 301.9
Apr. 161 014 0.088 317.6
Mayo 48 790 0.039 96.2
Jun. 3 051 o.006 600
Jul. 970 0.003 1.9
Aug. 634 0.003 1.2
Sep. 346 0.002 007
Oct. 220 0.002 004

Total s 414 364 0.060 81703

1958/59
Nov. 293 0.003 0.6
Dec. 63 866 0.297 126.0
Jan. 128 890 0.188 254.2
Feb. 111 280 0.172 219.4
Mar. 122 943 0016 242.5
Apr. 15 455 0.021 30.5
may. 8 868 0.018 17.5
Jun. 2 584 0.011 5.1
Jul. 775 0.004 1.5
Aug. 646 0.005 1.3
Sep. 350 0.004 0.7
Oct. 296 0.004 006

Total s 456 246 0.091 899.9
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TABLE X SUSPENDED SEDIMENT LOAD

River: Kilombero. Stationl Swero. No: 113317. Catch.Area: 12915 sq.m.

Year Tons Coneentration
% of runoff

Production
tons per sq. mile

1957/58
Nov. (12 000) 0.004 0.9
Dec. 14 054 0.003 1.2
Jan. 21 418 0.003 1.7

Feb. 25 245 0.004 2.0

Mar. 45 409 0.003 3.5
Apr. 165 556 0.004 12.8
May0 105 895 0.002 8.2

Jun. 49 501 0.003 309

Jul. 30 045 0.004 2.3

Aug. 22 078 0.004 1.7

Sep. 17 052 0.004 1.3

Oct. 12 493 0.003 0.9

Total t 520 746 0.004 40.3

1958/59
11 186 0.004 0.8Nov.

1/80., 13 514 0.004 1.0

Jan. 37 494 0.005 209

Feb. 27 573 0.004 2.3

Mar. 44 529 0.004 3.4

Apr. 54 989 0.004 403

May. 42 104 0.003 3.3

Jun. 25 088 0.004 1.9
Jul. 16 410 0.004 1.3

Aug. 11 784 0.003 0.9
Sep. 13 710 0.004 1.1

Oot. 13 054 0.005 1.0

Total t 311 435 0.004 244



TABLE X1 MAXIMUM AND MINIMUM SUSPENDED SEDIMENT OBSERVED AT EACH STATION

trace: less than 10 milligram per litre.
+ Stations with one year of observation only.

River Station No. Suspended Sediment in
milligram per litre

Maximum Hinimum

Chimala Chimala 1KA7 1770 trace
Kimani Gt. N.Road 1KA9 354 trace
Mbarali Igawa 1KAll 898 trace
Mbarali Rujewa Farm + 1KA19 1028 23

Halali Iyayi 1KAl2 926 11

Gt.Ruaha Gt. N.Road 1KA8 680 trace

Ndembera Ilongo 1KA15 45 trace
Little Ruaha Ihimtu 1KA21 16o trace
Kisigo Kinunguru 1KA42 630 trace

Gt. Ruaha Litera 1KA5 1130 trace
Gt. Ruaha MbuYuni 1KA4 711 12
Gt. Ruaha Kidatu 1KA3 847 trace
Lukosi Mtandika 1KA37 426 trace

KigogoRuaha Frick's Bridge 1KB6 69 trace
Mnyera Taveta + 1KB9 708 22
Ruhuji Mwayamalungu + 1KB10 1268 40
Mpanga Mpanga + 1KB8 444 11
Kilombero Ifwema 1KB4 442 trace

Furua Malinyi 11016 3002 13

Lumemo Ifakara 1KB3 1174 trace

Kilombero Tratara 1KB2 240 trace
Kilombero Swero 1KB17 94 trace
Luhombero Ilongo 1KB5 1634 trace

Rufiji Stiegler's Gorge 1K3 5900 trace



TABLE XII - SUSPENDED SEDIMENT CONCENTRATION AND PRODUCTION

No. Station 1955/56.
% Prod.

1956/57.
% Prod.

1957/58.
% Prod.

1958/59.
% Prod. e Prod.

Average

/0

11(3 Rufiji at Stiegler's Gorge 0.076 455.5 0.046 166.1 0.061 227.2 0.090 259.5 0.067 277.1
1KA2 Little Ruaha at Iringa-Ihimbu 0.004 24.2 0.002 12.4 0.005 21.8 0.004 19.5
1KA3 Groat Ruaha at Kidatu 0.028 41.2 0.031 36.5 0.025 22.3 0.028 33.3
1KA4 Great Ruaha at Mbuyuni 0.030 34.7 0.028 26.5 (24) 0.029 28.4
11CA5 Great Ruaha at Mtera 0.025 30.9 0.020 19.3 0.026 22.1 0.024 24.1
1KA7 Chimala at Chimala 0.007 90.2 0.005 42.4 0.006 83.7 0.006 72.1
1KA8 Gt.Ruaha at Great North Road 0.012 160.7 0.025 309.5 0.021 348.9 0.019 273.0
1KA9 Kimani at Great North Road 0.004 58.3 0.009 92.0 0.033 390.0 0.015 180.1
1KA11 Mbarali at Igawa 0.006 52.8 0.018 122.2 0.021 137.3 0.015 104.1
1KAl2 Halali at Iyaya D/S 0.019 71.4 0.023 61.6 0.020 66.5
1KA1,
1KA19

Ndembera at hongo
Mbarali at Rujewa Farm

0.001 2.0 0.001 1.9
0.045 276.5

0.001 2.0

1KA37 LUkosi at Mtandika 0.013 70.0 0.007 28.0 0.010 49.0
1KA43 Njombe at Isanga 0.001 0.3 0.008 2.9 0.005 1.6

1KB2 Kilombero at Ifakara 0.002 25.2 0.002 21.6 0.005 33.1 0.003 26.6
11B3 Lumemo at Ifakara 0.016 367.4 0.009 202.8 0.013 285.1
1104 Kilombero at Ifwema 0.011 116.9 0.009 88.1 0.017 131.6 0.012 112.1
1KB5 Luhombero at Ilonga 0.014 212.0 0.015 168.0 0.014 190.0
1136 Kigogp-Ruaha at Friok's Bridge 0.002 14.2 0.002 13.0 0.002 13.6
1107 Fuagi at Idege 0.002 28.4
1KB8 Mpanga at Mpanga Mission 0.009 79.9
1129 Mnyera at Taveta 0.011 95.7
1KB10 RUhuji at Mwayanalungu 0.029 214.6
1KB16 Finta at Malinyi 0.060 317.3 0.091 899.9 0.073 858.6
11017 Kilombero at Swero 0.004 40.3 0.004 24.1 0.004 32.2
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12. THE OALITY OF RIVER WATER
BY S. RAADSHA

INTRODUCTION

A number of water samples have been chemically analysed. This was done
to test the suitability of the river waters for irrigation. All analysing work
was carried out by the Govornment Chemical Laboratory, Dar es Salaam. Altogether
326 samples have undergone chemical analyses for irrigation purposes and 21
samples have been qualitatively and quantitatively analysed.

SAMPLING AND ANALYSING

The name and location of sampling stations and the period covered by
sampling are listed in the Schedule of Gauging Stations. The method of sampling
is explained in the previous chapter.

While dample bottles of dne pint capacity were found sufficient for
suspended sediment analyses a double quantity had to be collected to faoilitate
the necessary chemical analyses. As the consistency of the water did not vary to
a great extent, monthly analyses were originally found sufficient and, after an
initial period of aampling, this number was reduced even further, to five or four
a year. Care was taken that these samples covered a wide range of river flow.
Thus by reducing the number of samples per year it was possible to commence
sampling for this purpose at other stations and at the same time keep the whole
task within the laboratory facilities available.

0. WATER QUALITIES

Irrigation water can be classified according to four main characteristics:

The total concentration of soluble salts in the water as
expressed by the electrical conductivity and indicating the
salinity hazard.

The concentration of sodium and the relative proportion of
sodium to other cations expressed by the sodium adsorbtion
ratio (SAR) and indicating the sodium alkali haza±d.

The concentration of bicarbonates and carbonates as expressed
by the residual sodium carbonate (RSC).

The ion concentrations which are found to be possibly toxic
to plants, especially the boron concentration.

Apart from these four characteristics the pH was tested regularly and
the surface water temperature was taken as a matter of routine, at the time of

sampling. A qualitative and Quantitative analyses of the water has been carried
out once or twice during the sampling period for most of the rivers. The results

of these, as well as bacteriological examinations, will indicate the suitability
of water for domestic purposes.



d. TEE ELECTRICAL CONDUCTIVITY

For the purpose of classification of irrigation water, the total con-
centration of soluble salts can be readily expressed by the electrical conductivity
as follows: (7)

Classl'

Class
C2'

Class
C3'

Class
C4'
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Water with an electrioal conductivity (at 25° C)
between 0 and 250 micromhos/cm. Low salinity water
suited for irrigation of nearly all crops on most
soils.

Water with an electrkcal conductivity (at 25° C)
between 250 and 750 mioromhos/cm.; Moderate salinity
water which can be used for irrigation of all but salt
sensitive plants.

Water with an electrical conductivity (at 25° C) between
750 and 2250 micromhos/cm. Medium to high salinity water
to be used only on soils of moderate and good permeability-
salinity control of soil may be required and plants with
good salt tollerance should be selected.

'Water with an electrical conductivity (at 25° C) between
2250 and 4000 micromhos/cm.. High to very high salinity
water which generally should not be used except for
irrigation of soils with good permeability and under
provision of leaching. Only very salt-tolerant crops
should be grown.

The electrical conductivity is shown graphically on page 254to 276. As
will be seen, it is very low for all observed rivers and well within the Ci. limit.
The salinity hazard is therefore very loW and in this respect the water cand safely
be used for irrigation.

In the larger rivers the electrical conductivity tends to increase in
the downstream direction.. This can be observed on the Kilombero (page 253) from
Ifwema to.Ifákara and it is believed that this increase is caUsed by evaporation
and also by return of Water from flooded areas.

Analyses fromHthe Great Ruaha (page .253)show partly the same result.
There is an increase of about 100% in salticoncentration from the head-waters at
Chimala down to Mtera. The area at and above Mtera is very dry, large swamps
retain flood water, therefore the evaporation rate is high. At Mbuyuni, further
downstream, no great changes are apparent in ealinity. There must be some
balancing effect from inflowing water resulting in the electrical conductivity
remaining about the same as at Mtera. At Kidatu, however, the electrical
conductivity shows a great drop, which undoubtedly is caused by the mountain
streams joining the main river between Mbuyuni and Kidatu. The records from
the Lukosi River will indicate this and the following tabulation will explain the
conditions:-
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Electrical Conductivity, micromhos/cm.

At Stieglerls Gorge the electrical conductivity is about the same as at
Kidatu but much higher than that of the Kilombero. Taking into consideration the
fact that the Kilombero carries much more water than the Great Ruaha, there is an
indication of a general rise in the electrical conductivity in the downstream
direction of the entire river syStem. The Luwegu which joins the Kilombero to
become the Rufiji carries a great deal of water. No water analyses have been
carried out for this river, but it is draining a catchment occupied by Karroo
rocks which in that area represent a poor source for salt.

THE SODIUM ADSORPTION RATIO

Sodium can affect soil conditions in a rather adverse way. The extent
to which sodium ions can be adsorbed by soils, however, does not only depend upon
the total concentration of sodium, but also on the proportion of this concentration
to the other two main cations, calcium and magnesium. Thus both the total and
the proportional concentration of sodium ions define the sodium alkali hazard of
irrigation water.

To express the relative amount of sodium, usyis mUe ofatte sodium/
adTorbtUn ratio+LSAR) for which the expression is Na if(Ca Mg) /2Iin which
Na Ca and Mg are the concentration of sodium, calcium and magnesium ions in

milliequivalents per litre.

The SAR is only a relative indicator and must be considered together with
the total amoUnt of soluble salts indicated by the electrical conductivity. The

adapted classification of water is shown on diagram, page 252.

The SAR of the investigated rivers has never been found to exceed the
value three and is generally below one. This is well within the S1 limit and the

sodium hazard is very low.

The concentration of calcium and magnesium is very low, hardly ever
exceeding 1 meq/1. The sodium concentration is also very low and generally less

than 2 meq/1. Therefore none of these elements are present in concentrations
which may lead to toxic reactions to plants.

BICARBONATES AND CARBONATES

Discriptions of bicarbonates and carbonates in irrigation water and their

influence on soils have been given by Eaton (5, p. 123-133). The term "Residual

Sodium Carbonate" (RSC) has been used which is expressed as (C07- + IWO') es
N(Ca++ + Mg1-+Ì. The symbols stand for concentrations in millidquivalents3per

litre of carbonates, bicarbonates, calcium and magnesium.

Period

GREAT RUAHA LUKOSI

Chimala Mtera Mbuyuni Kidatu Mtandika

Nov. 56 to Feb. 57 64 127 164 103 62
Mar. 57 to Jun. 57 45 137 124 113 60
Jul. 57 ta Oct. 57 59 137 157 98 47
Nov. 57 to Feb. 58 73 147 139 113 65
Mar. 58 to Jun. 58 67 142 135 119 67
Jul. 58 to Oct. 58 68 125 150 101 52
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The following classifioation according to RSC have been adopted:-

The RSC for investigated rivers in the Rufiji Basin is well within the
safe limit of 1.25 meq/1. It has been proved that the RSC invariably consisted of
bicarbonates only but not in concentrations significantly excessive to the total
concentrations of calcium and magnesium.

TOXIC ION CONCENTRATIONS

Boron has proved to be present in all rivers of the .RUfiji Basin, but
never in concentrations exceeding 1 p.p.m., and is therefore within satisfactory
limits for irrigation purposes.

As mentioned above the concentrations of sodium, calcium and magnesium
are far too small to harm plant life. Apart from this it has been proved that no
other ions exist in concentrations dangerous to plants.

THE pH OF RIVER WATER

The pH varies from river to river and can change rapidly in each
individual stream, but is generally found to be between the values 6.0 and 7.5.
The pH is shown graphically on graphs page 254 to 276.

Very often a considerable time elapsed between sampling and analysing
and it was thought possible that the pH might have changed due to biochemical re-
actions. The pH was therefore occasionally measured at the riverside at time of
sampling, but no noteworthy differences were found.

il CONCLUSIONS

The analyses of river water carried out cluring'three years have shown
that the water is exoellent for irrigation. It is weal within the Ci-S, group for
classification of irrigation Water. The water is also well within te safe limits
as far as bicarbonates, carbonates and.boron are concerned. No ions in quantities
sufficient to be toxic to plants were discovered.

j. FUTURE INVESTIGATIONS

With such an excellent quality of water, it should not be necessaiy to
continue with extensive analyses. Three or four samples per year at a limited
number of stations should be sufficient, and the same stations as selected for
suspended sediment load studies can be chosen as a matter of convenience. These are
as follows:-

Under special circumstances and if deterioration of water is for some
reason susDectedl'more detailed investigations would, of cyurse, have to be carried
out.

1. Rufiji River at Stiegler's Gorge. No. 1K3
2. Great Ruaha River at Mtera. No. 1KA3
3. Mbarali River at Igawa No. 1KAll
4. Kilombero River at Swero. No. 1KB17

1. Water containing less than 1.25 meq/1 eRSC can safely be used.
2. Water containing 1.25 to 2.5 meq/1 RSC may be used but are marginal.
3. Water containing more than 2.5 meq/1 RSC are not suitable for irrigation.
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TABLE XIII

RESULTS OF CHEMICAL ANALYSES OF RIVER WAMEE. SAMPLES

Year
and
Month

Boron
p.n.m

Calcium
me/1

Magnesium
me/1

Sodium
me/1

Residual
Sodium
Earb.me/1

Sodium
Absorption
Ratio

Class

River: Rufiji Station: Stiegler's ('ors-e No.1K3

1956._
Jaim:19
Feb.21
1.íar.20 .04

I.C.
.48
.40

.23

.23
23

1.37
1.36
1.17

.45

.65

.09

2036
9096
2009

Ci- S1
tt

tt

Apr.17 .52 .42 .67 r)C- tt

ray.29 .32 .27 .41 .21 .76 11

Jul. 3 32 .24 039 .74
Aug. 7
Sep.25

.32
44

.27

.14
.35
.43

.13

.30
.65
.fll

11

it

Oct.30 .32 .24- .25 .16 .47 11

Dec. 4 .36 .12 .57 .16 1.16 It

122
J=015 .64 .28 .51 .44 .97
Feb.12 .52 .23 .43 disk) .68 11

Ltar.12 .32 .16 .93 .64 1.9 11

Apr. 9 .14 .16 .4a .28 .10 It

May. 8 .28 .32 .34 .20 .62 11

Jun. 4 .32 .12 7r
0.41 .28 .77 It

Jul. 2
Nov.12
2221

0

0

.36
35

.48

12
.35

.16

.39

.44

043

.32

.18

.32

.79
075

.76

It

tt

tt

Apr. 8
Sep.13
Nov.22

0 .48
.26
.24-

44
.20
.16

.43
32
.28

20
.34
.24

.63

.67

.63

11

it
tt

Dec.20 .4.8 12 .31 .12 057 11

1959
Teb.28
May.16

.36

.24
.24
.22

.31

.32
.44
.34

.57

.67 tt

Jul.11
Oct.31

.28
020

.20

.12
.37
.27

.32

.16
1.04

.68 tt

River: Gt.Ruaha Station: Eidatu No.IKA3

.37

.38

.62

.37

.24

.64

.41- 11

11

1-22§.
Aug.29
Oct.24
Nov.14

.15 .40
.56
060

.27
1.00

.08
Dec.19 .52 08 .);1 .12 .75 11

1211
Jan.25
Feb.20

.40

.48
.24
.30

.47

.69
.16
.34

.03
1.10

Mar.20 .50 .23 .94 .71 1.55
Apr.10
Maya5

.32
048

.32

.12
.58
.57

.32

.44
1.02
1.04

Jun.12 .24 .04 .52 1.4
Jul.31
Dec.11 0

.32
24

.40

.48
.28
.37

.16

.34
43)i-7

.62 tt
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TABLE XIII

2..2as
Dacca; .44 .57 028 .71

122
Jan, 25 .64 .12 .62 0 1,0

Feb.22 .76 .24 .74 .44 1.05 11

Mar, 22 1.0 1.2 037 .04 635
11

UV. 3 040 .20 .68 .60 1,24 11

May.31
Jun.21

.36

.32

012

,04 .60
664
.36

1.3
1.4 ft

Jul.19 0 .28 028 065 .56 1.2

Aug.30 .36 .32 658 0 1.0 11

Sep.27 .48 032 .77 .56 1.22 If

Oct.25 .48 .32 .38 .24 .60 11

1221
Feb.14
Jun.27

dc-.1
<.1

.36

.36

.32

.24-

.54
.69

.20

.60
.93

1.30

If

tt

jul.25 28 .32 .69 .44 1028
Ndv.21 048 .28 .53 .28 .88

1959
.24

.32

.32

.20

.24

.28

e39

054
.64-

.44

.56

.14

0.83
1,0
1.17

tl

fi

tt

Dar.20
Apr.17
41Ay.15

Jun.12
Cct.10

.28
04.6

.28

.28
.56
.55

.14
.44

1.06
.89 ft

Year
and
Month

Boron Calcium
p.p.m meil

Magnesium
me/1

Sodium
me/1

Residual
Sodium

carb me/1

Sodium
asorption
Ratio

Class

River: Gt.Ruaha Station: Kidatu No,1KA3 (cobit'd)

1958.
Oct.15 <01 .28 028 .47 016 .89 Ci; Si

Nov.26 .24 .32 035 .16 065

Dec.17 .28 028 026 46 049 It

122.
Apr.22 .32 24 054 .56 1.0 ft

Apr.29 .28 040 .44 .14 0.76
Jun.24
Ang.26

.32

.32

.28

.24
.52

043

.12

.08
0.94
.81 ft

River: Great Ruaha Station: Ilbu,yuni Dio.1KA4

1956
Aug.29
Oct. 3
Nov.21
Dec12

.62
080

.92

.76

.26

.20

.36

.36

.83

.84.

1.13

075

.38

.62

.48

.56

1.25
1.19

1.t4.

1000

ft

ft

222
MAY. 8 .28 .04 .70 .80 1075
Oct.30 .18

120.
Apr. 2 <4 .144 .28 65 .32 1,1

Aug.13 <4 .52 .32 .64. .28 099 11

1222.
Mar. 4 .40 .28 044 .28 .75

ft

Apr.29
Jun.14

.36

.40

.24

.28

.60

.52

.14

.14

1.09

009

11

tt

Aug.12
Oct.28

.44

.8
.40
.4o

.44
069

.14

.36
.68

.94 ft

River: Great Ruaha Station: litera 110.1KA5
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TABU XIII

Year
and
Month

Boron Calcim Magnesium
me/1 me/1

Sodium
me/1

Residual
Sodium
carb me/1

Sodium
Absorption
Ratio

Class

River: Chinela Station: Chinela No.1KA7

.28

.28
32

.20

.08

.47

.47
447

.44
040
.56

.92

.96
1.12

01-421

tt

Oct.13
Nov.10
Dec. 8

.32 .24. .47 .44 .87 aJan. 5
Feb. 9 *2° .08 .37 .56 .99 a

Mar. 2 .20 .16 .39 .46 a 9 2 tt

apr.13 .08 .04 .26 .44 .57 a

May.18 .08 .12 .30 .44 .86 a

Jun, 8 .24 .12 .43 .44 1.0
Aug.0.1.
0ct026

15
.24

.17

.16
.46
.44 .48

1.1
.98 e

Apr.19
Jun.14.

.9
,1

32
.40

.12
16

.47

.63
044
.40

1.0
1.2

Aug.23 <4 .28 .08 .4.2 32 099
Nov. 2 .24 .08 .39 .32 .98
2.222
Feb.24. 0.16 0.08 0.26 0.24 0.72 to

Apr.11 .12 0.08 .24 0.28 0.73 to

MAY. 9 0.12 -0.08 .25 .36 0.76 re

Jun. 6 0.20 0.08 .37 0.44 0.85
Oct.31 0.28 0.12 0.38 0.52 0.85
River: Great Ruaha Station: Chinela NC.1KAB
1251
Jan. 19 .08 .44. o .92 .12 1.37 et

Feb. 8 .36 .44 .94 0 1.05
Oct.13 .32 .12 033 0 .70
Nov.10 .28 .24 .42 .36 .82
Dec. 8 024 .20 .36 .85
122
Jan. 5
Feb. 9
Mar. 2
Apr.I3
May.11
Jun. 8
Jun. 6

.24

.16

.12

.12

.12

.08

.13

.16

.08

.12

.08

.08

.08

.13

.26

.29

.24

.15

.17

.23

.23

.56

.56

.36

.20

.88

.30

.58

.84

.69

.43

.48

.8

.64

a

ft

a

a

a

a

Aug.24
Sep.21

.17

.17
.12,-
.18

.26

.26
.25
.29

.68

.63
0

a

Oct.26 cf.O. .18 .22 .26 .24 .58 a

1222
Mar.22
Sep.20
Nav.29

.11 .12
416
.28

.12

.20

.12

.23

.31

.25

.24

.28

.24

.66

.73

.56
to
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TABLE XIII

Year
and Boron
3,Tonth

Residual
Cal Ci U111 Magnesium Sodium Sodium
me 1 me 1 me/1 carb me 1

Sodium
Absorption
Ratio

Class

Rive r: Gre at Ruaha Station: Chimala .11(A8 (con-tea.)

.20 .24 037

.08 .27 .22
.60
.37

.76
0.54.

si
ti

Jan. 3
Mar. 7
A-nr.11 ,16 .08.19 .24 654
:Tay.16 .12 o8 .19 .28 058
Jun.27
Oct. 24-

.14. .10 .22

.20 .12
.32
.36

.63

.60 tt

River: Rimani Station: Great MØROaä No .11r.A9

1956
Feb .11 .04.
cct013

38 .15
20 607 .12

o
.05 032 it

:11-ov.10 .04. .14. .10 .14 .33
rece 8 .12 .28 .14 031 If

1957
.08 .08 .13 646 ltJan. 5

Feb. 9
Mar. 9
Apr. 6

.08 .08 .17

.08 .08 .17

.08 .04. .16 .20

060
.60
.64

tt

tt

TAY. 0o8 o .15 .75
Jun.29 0 .09 /1

jui a <1.0 .06 .06 .10 .12 .42 11

Aug. 24 .06 .02 009 .12 .4-5
Sep.2I
Oct.19 <i1.0

.05 .03 .09

.05 .03 eo9
008
.16

.4.5

.45 tl

1221
Mar.15 033 .08 .04 .13 .04 053 It

Liay.17
Sep. 6 <01
Nov. 8

040 .60 19
.08 008 .30
.08 .12 .11

025
.06
o

.85
1.06

.35

It

ti
ti

1959
Jan.21 .04. .08 13 .52
Anr.18 0.08 0.08 .13

.04 .04 009 .12
0.46

04.5

11

ft

Jun.13 .04. .04 .08 .08 .40

River: 1130:all Station: In.,alva No Ball
1956
Pcb . 21 .19 .4.8 1.72 .04 o 603
Feb.23
cc-A.13

1.12 trace 97
.32 44. .32

o
.34

.92
tt

Novolo 024. .27 .32 .29 645
Dec. 8 .32 .23 060 .33 1.14. 11

1957
.28 016 .48
.48 .52 1.13

052
o

1.0
1.6

ft

tt
Mar. 23

May. 25 .12 .04 .28 100
Jun. 29
*Dal . 27

.12 .08 28

.12 .04. 038
09

1.3 tl
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TABLE XIII

Year
and Boron
Month P.P.m

Calcium Magnesium Sodium
me/1 me/1 me/

Residual
Sodium
carb me/1

Sodium
Absorption
Ratio.

Class

River: Mbarali Station: Igawa
1958
Oct. 21 .20 .24 .31 .20 .22 Cl; S1
Eby. 1 .24 .16 .37 .32 .81

Dec. 9 .24 .08 .34 .28 085
11

1959

Jan.17 .16 .12 .22 .12 .58
11

Feb.22 .08 .24 .27 024 .67

.24 .08 .22 .32 .55
It

maY. 9 .16 .20 .26 .28 .61 11

Jul. 4 .18 .18 .28 .27 .61 11

Oct.31 .24 .20 .30 .36 .64 If

River: Halali Station: Iyayi No.IKAl2

.48 .28 .78 o 1.3 11

Jun. 7 0

1.222,
Mar. 3
Mar, 28

.28 .24 060

.12 036 054

.36

.48

1.17

1.10

11

11

River: Ndembera Station: 'longs. No.1KA15

1956
.40 .12 .70 .20 1.37Dec.12

1227,
Feb.18
Marcia
Apr.15

.40 .16 .47

.72 .16 .47

.16 08 .33

.48

.24

.64

.89

.71

.97

N4.13
Jun.10 e
Jul. 8

Aug.26

.24 .08 .43

.32 .12 .42

.214. .24 .69

.224. .16 .45

.48

.36
1.28

.48

1.1
90

1.4
1.02

so

et

Sep.23
req.16

.28 .28 045

.56 .08 .67

.16

.48

.85
1..18 ti

1958
.44 .20 .47

.48 .16 .52
.48
.56

.90

.92

-
Feb.17
Apra4

River: Mbarali Station: Rujewa Farm No.1KA19

122.
Nov..31 .24 .24.0 .32 .51

1959.

Mar. 2 24 .20 .28 .28 .60

Aproll
Apr.27
Jun.19

.08 .24 .27

.32 .08 .32

.12 .24 .31

.24

.48

.28

.68

.71

.7'4.

River: Little Ruaha Station: Iringa No.1KA.2

.56 1.58 ftink
Dec022 24 .08 .63
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Year
and Boron
month 'D .p *m

TABLE XIII

Residual
Sodium
carb me/1

Sodium
Absorption
Ratio

Class
Calcium Magnesium Sodium
me/1 me/1 me/1

River: Little Ruaha Station: Iringa No41A2 (covet d)
122
Jan. 26 .24 .12 044 .20 67
Feb. 23 .36 .08 .35 a .75
Mar. 23 .80 .16 .50 1.04 .72
Apr.28 .16 .16 .20 .32 .50
May. 25 .16 .12 .35 *28 .94
Juna9 .08 .05 .25 .40 1.0
Jul. 27 .08 .29 .48
Sep. 7
Sep.14

.20

.32
.12
.08

.22

.24
.16 .55

.58 ft

00t05 .16 .12 30 o 20 .81 u

Little Ruaha Station: Ihimbu No :1K,A. 21

1221
Mar. 29
May.17 0
Aug. 2 C.1

.28

.32

.24

.12

.08

.o4.

.21

.25

.14.

.16

.26

.28

.47

.56

.37

ti

if

ti

Oct .11 ,...--:-.1

Nov. 8
.24
.16

.04.

.12
.14.
.24

.28

.04.
.37
.64 it

Dec. 6 .16 016 .23 .08 .58
1222
Jan. 8
Feb. 5

.08

.08
.20
.12

.24.

.22
.20
.20

.63

.67 n

Liar.19 .04. .20 .21+. 21. 069
Apr.16 .08 .20 .22 .20 .58 0

May.14. .08 .16 .19 .16 .56
Jun.11 .28 44. .33 .38 .43
Jun.16 .12 .08 .20 05 .63
Oot.29 .20 .08 .23 .28 .61

River: Njombe Station: If uraba N0.11CA29

222.
1 iar.15 .44 .36 .44 032 470
May. 6 1.04. .80 .22 1.20 .23
Jun. 3 .60 .48 .61 .44 .83

River: Lukosi Station: Mb uyuni No oln.37
2..251
Jan. 23 0 trace 1.4.3 .66 0 .55
1958
Apr.30 < . 1
may.3.4. <.1
Dac.29 .40 .16 .31 0 059 it

1959
Mar. 4.
Jane 8

.16

.16
.16
.08

.26

.28
0

.06
. 65

0,60 t1

River: Kisigo station: Kirainguru No .3.1(A42
1958
Mara° .07
Apr.
Jun. 2 2

.56

.40

.60

.28

.24

.52

.39

.29

.80

.28

.16

.32

.60

.51
1.06

tf

tt

1959
.44
.40

.40

. 24-

.4.1

. 24-

.04
.0

.63
*34 if

Jan. 2
Jan .16



Toar
and
Monet

River: Mambo
1958
May. 3
Jun.14
Dec.27

Feb.17

River: EiloMbero
1.2,1
Dec.18

Aug. 29 o
801426
Oct.24
Dec.26

Jan. 23
Feb.20
Mar.20
Apr.10
MAY. 8
Jun. 5
122
Jan.29
Oct.15

Dec.17
1959,
Maria

River: Lumen° St
1.222
Oct.12
2251
Auga9 .34
Sep.26
Oct.24
Dec.26
122
Feb. 6
Mar.20
Apr.17
jun.19
Jul.17
Aug.14
Sep.18
Lec.26

Mar.31
Apr.30

Station: Isanga

.73

.24.

.16

.44

.34

.38

.28

.16

.48

.04.

.32

16
.22
.16
.20

.08
0.06

ations Ifakara

1.10

.28

.28

.28

.40

.32

.eo

.28

.20

.16
.28
.24
.28

.32
ab

.23

trace

.16

.19

.19

.28

.oe

.10

.30

.32

.04

.20

.04

.06

.16

.16

.63

.65

.54

.6o

.ao

.36

.48
12
.08
.40
.16

TABLE XIII

Boron Calcium Magnesium Sodiun
Dena moll m0/1

No: 1NA4.3

.16 .12 .14
Stations 'faker& No:102

.24.
0.06

No:1103

.12

.28

.48

.61

.44

.11

.10

.71
2.05
.39

.46
51

.56

.29

.42

.24

.34

.23

.24

.24.
0.28

.51

.58

.28

.20

.24

.35 .81
1.C9 1.81

.30 .32

.27 .36

.28 408

.24

.26 040

.40 .08

.18 .12
.04

.6o
1.37

.67
1.9
.55
.51
.53
.82

.38
.59

Residual
Sodium
Garb me/i

Sodi US
. Absorption

Ratio

Class

.40 1.1 el 81
1.2

.16 1.1

.04. .37

o .13

.24 .22

.65 1.7

.01 3.6

.02 .7

.26 .96 R

.26 1.17
0 .59

.24 89

.40 1.4

.52 1.6

28 .77
.28 .91

24. .58
.20 .57

.48 .60
0.52 1.12

o .39

o .85
o .44
o
o

.30

.44

WPM 2,;7

o
cal



tear
and
Month

Rivers

River :
1216
Aug.29
Sep.27
Oot. 25
122
Feb.12
Sep.24
Deo 30
12452,

anal*.
May. 6
AYE. 5
sep. 2
RiVeri
22a
Mar.15
Apra2
Nov.18
12a
Feb.28
Mer.14

Boron

Kilombero

Lubombero

Itigogo-Suaha

Otiloina
me/1

Station:

Station

.40
aß
.43

.32

.60

.92

.29

.44

.40
Stations

Rivers Musa Stations Mpanga
1958.
De o. 27
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TABLE XIII

Magnesium Sodium
me/1

Una No 1KBZI.

o

.19 1.44

.50.

.23

.04

.08

.oa
42
.08

.11

.08

.16

.oa

.08
11
.13

nona No 111035

.32

.36

.44

.48

.40

.52

.44

.32
Frig* '

.12

.16
42

.12

.04
11038,

.12 .oa .22

Residual
Sodiun
cub rash

.61 0

.09
1.12 0

o2L
.26 .40

.26 .20

.26 .24.

.37 .20

.27 .28

o
.26 .12
.19

.06

.20

.22

.18

.24

.40 .40

.21 .28

.39

.20
.63 .60
.44 .40

.30 .24

.35 .24

.07 .24

.33 .88

Bridge 110 *3186

.32
.25 .08
.15 0

tu .36
.17 .04.

.28

Sodium Class
Absorption
Ratio

.63

.82

.47

.80

0.66
.53
.65

.74

.87

.42

.52

41
.55

.72

.62

.33

.67

.66

1222,
Deo
1956,.
80;08
Oot .17
Nov.14
D3 0.19
1122
Jana 6
Feb 33
Mara,
Apra0

0 2.64

.28

.20

.20

.16
616

.17

.12

.08

.12

.12

.04

.04
4114

Jan. 22
Aug .13
Oot 22
Deo. 5
1222
Jan. 28
Feb 03.
Mar. 25
Oot 45 28

.37 01 aw 21

2.9 e

1.85
.47
.77

043
.77

1.0
.73

.64
.87
.54
.87

.05

.25

.29

<
<

.13 .52
o .16

46

.08

.08



Year
and Boron

Month Toopow

River: Ruhuji

Oaloius Magnesia':

me/1 m0/1

Station: Mmyalangu Not1KB10
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TABLE XIII

Sodium
me/1

(canted)

Residual
Sodium
oast me/1

1.21

1.17
.96

1.03
1.00

1.75
1.04.

Sodium Class
Absorption
Ratio

.72

.61

.96
0.76

.78
0.80

.78

.74

.61

.66

.66

.60

.44

.84.

0.30
0.71
0.53
0.53

.58

.75

.ea

.55

.57

.90

2.22L,
Nov.24.

Deo.10

.12

.12

oo8

.08

.28

.36

.05
.05

Deo.24. .12 .16 .06 .04

1222.
Jan.16 .08 .12 .12

May. 9 .12 .12 .32 .07

jun.13 .12 .08 .28 .07

Jul.18
Aug. 8

Oet.29

.08

.08

ld
08
.12

.56

.28

.19

.05

.05

.28

Rivers Puma Station: Malinyi Nos 11016

1958
..71 .20

c:7.1 .16
.28
.11

.16

.16

.42

.32

.24

.20

.27
32
.32
.11
.26

1
06
.27
.27

.27

.31

.30

.12

.24.

.24

.26

.16

.24

.27

.20

Jan.14
Apr.1
Jul. 8
Aug.19
Sep.30
Nov.I1
Nov.18
Leo. 9

.08

.03

.16

.29

.20

.20

.23

.40

.2°

.24.

.27

.32

.16

.36

.26

.25

.12

.23

.07

.08

.08

.33

Feb.24
Mar. 3
kr.28
Jun.16
Sep.15
Nov. 3

River: Kilodbero Station: Suero No:1KM.7

DA,
144y. 3
Sep.20

Meo.13

.20

.24

.04

ol6

.16

.20

.51

ars
.a

.12

.16

.24
122
FBB.14. .16 .16 .22

May. 1
Oot. 8

.08

08
.16

.04
.20
In

.32
.28

1959
Jan.17
feb.28
Mar.14.
Mayo 2

Jun. 27

.08
oo8

08
.14

08
.12

.08

.04.

06

.18

.3,

.24

.19

.25

.32

.28

.24
006
.36

Aug.15 .33 .04 .28 0.32
Rivers Muyera Station:Tanta No:1KB9
222,
Feb. 2 .12

Mar.28
June27
Aug.15
Sep.26

.08

.12

.12

.24

.04

ook
08

.34

.28

.27

.33

.40

.48

.48

.52

.56
Oot. 8 .08 .70 .56

Nov.29 12 .04 .29 .56

Rivers Mrengs. Station Moanga No: 1KB8

.89

1.13
0.16

0.37
.91
.87

1.60
0.87

0.59
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TA3LE XIV

COMPLETE CHEMICAL ANALYSES OF RIVER WATER SAMPLES
OF VARIOUS RIVERS IN THE RUFIJI BASIN.

Elect.Cond.25°
pH (mean)

Alkalinity
Total hardness
Chlorides
02 absorbed
Free N113

Alb. NH3
Nitrito
Nitrate
Fluoride
Silica
Sulphate
Calcium
Magnesium
Sodium
Iron

Tot.dis.solids

Elect.Cond.25°
pH (mean)
Alkalinity
Total hardness
Chlorides
02 absorbed
Free VH3

Alb. NH3
Nitrite
Nitrate
Fluoride
Silica
Sulphate
Calcium
Magnesium
Sodium
Iron
Tot.dis.solids

408 8.8 4.0 604
1092 204 1.44 3.84
8:2g 605 5050 13.00

- 4.50 1.40
96 222 131 115

It
st

1 2 3 4 5 6

131 117 156 138 31 52 64
6.7 6.7 6.9 608 6.5 6.8 6.8

40 44 56 48 16 28 32 Del:Ma
28

0

78

4

96

4

34
400

12
0

36

0
48
0 tt

4s55 5.85 1055 1065 4075
0 - 0 - 0.02 trace

0.18 - 0020 - - 0022 0.26 It

trace trace 0 - trace trace trace ft

nil
0

nil
0

trace
0

-
-

trace
0

trace

004

trace
0.2 ft

1700 23.0 20.0 - 15.0 10.5 2300 It

0 7.0 11095 - 3.7 004 4094
7.2 8.0 11.2 8.8 3.6 2.8 5.6

2.40 4.56 4.80 209 0.72 2.64 2.40
8.80 9.10 12.80 13,2 2.25 4.25 4.90
2040 0070 0.80 - 0.80 0.30 0.90
134 162 138 224 104 46 224

8 9 10 11 12 13 14

131 47 59 67 98 66 96

6.8 6.6 6.9 606 6.8 6.3 6.9

48 20 20 28 48 28 52 p.p.m
28 19 14 20 32 16 32 It

4
6.70

0
4085

0
-
-

0
3.0

0

0
a
-

0

405
0

0
2.0
0

It
tt
It

- - - 0.16 - 0025 0010
nil trace - 0 . 0 0

trace
0

trace
0

-

-
trace

0

-
-

trace
0

0

0005 ti

2605 16.0 - 1100 - 1000 14.0 It

307 303 - trace - trace 0

204 208 400
5.28 2088 0.96

14000 4.25 502
0090 1.10 -

430 76 101



Electr.Cond.25°
pH (mean)
Alkalinity
Total hardness
Chlorides
02 absorbed
Free NH3

Alb.NH3
Nitrite
Nitrate
Fluoride
Silica
Sulphate
Calcium
Magnesium
Sodium
Iron
Tot.dis.solids

1. 1K3
2. liao3
3. 1KA.4

1KA.5
1KA07
1KA.8
1KA.11
1KA.12

90 1KA.21
100 1KA021
110 1KA.37
120 1KA042
130 1KB.2

1KB03
1KB.3
1KB04

170 1KB.5
18. 110306
190 1103.8

1KB016
1KB.16

4.
5*
6.
76
80

400 408
1092 0.96
4055 6.2

68 152

4111

SID
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TABLE XIV

COMPLETE CHEMICAL ANALYSEZ OF RIVER WATER SAMPLES
OF VARIOUS RIVERS IN TEE HUFIJI BASIN contid)

Rafiji at Stiegler's Gorge
Great Italia at Kidatu
Great Ruaha at Mbuyuni
Great Raaha at Mtera
Kimani at Main Road
Great Raaha at Chimala
Mbarali at Igawa
Halali at Iyayi
Little Raaha at lhimbu
Little Raaha at Ihimbu

Lukosi at Mtandika
Kisigo at Kinunguru
Kilombero at Ifakara
Lumemo at Ifakara
Lumemo at Ifakara
Kilombero at Ifwema
Luhombero at Tlonga
Kigogo-Ruaha at Fridk's Bridge

Mpanga at Mpanga
Farua at Malinyi
FUrua at Malinyi

45 72
6.4 602
20 40
12 28

0 0
2.8

0
0.08
trace
trace

o
19.6

o
3.2 5.6

0.96 3.36
5.0 6.50

3.20
115 101

11

83
6.7

32 plipem
22 tt

o
fl
11

11

11

It

It

4.8 /I

2.4 /1

7.0 It

11

158 11

701.58
501.58
401.58

20.2059
24.1.58
24.1.58
28.1058
28.1058
3001.58
19.2.59

401.58
21.2.59
13.1058
12.1.58
19.3.59
29.3.59
10.1.56
28.1.58
31.3059
1401.58

104.59

62 52
6.6 667

24 28
18 16

o o

109 83
7.1 6.8

48 36
40 44

0 0
2.5 ONO

o
0.16

o o
trace o

o o
15.0 13.5
2.47 2.88

906 4.4
3.84 2.64
7000 4.25
2.00 1620
151 102

15 16 17 18 19 20 21

Sampling date
11
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13. EVAPORATION PROM OPEN WATER

INTRODUCTION

Evaporation losses from a free water surface reach considerable heights in a
tropical climate and are an important factor to consider for design and operation of
future reservoirs. Evaporation, as met with in nature, is primarily a climatologi-
cal phenomenon, but depends also on the configuration of the body of water from whioh
the process takes place. The exact laws governing evaporation are not fully under-
stood, and extensive research is in progress in different parts of the world to
bring more light into the problem. Various formulae and methods exist for a
practical evaluation of evaporation, and their accuracy invariably depends upon the
extent to which implicit factors are and oan be considered. In the Rufiji Basin,
unfortunately, very few fragmental and often unreliable records are available on
evaporation and in this chapter an attempt is made only to summarise information
available in order to derive practical values for application in river regulation
studies.

THE NATURAL LOSS OF WATER FROM CATCHMENT AREAS

The study of rainfall and runoff records in the Basin show that the greater
proportion of the rain falling on a catchment area is lost by evaporation. The
loss in different areas varies from a round 50% to 97% of the rainfall and is always
restricted by the fact that water is not available for extensive evaporation at
certain times of the year. The highest losses occur in areas with high rainfall
and on eight investigated areas in the Kilombero sub-catchment the natural losses
in a "wet year" is grouped around 54.5 inches with a range of dispersion from 59.5
inches to 47.2 inches. A "wet year" is the maximum rainfall year in the period
1940/41 to 1958/59, see chapter on Runoff.

A potential evapotranspiration, which is defined as the amount of water loss
from an extensive vegetative-oovered surface if there is at all times sufficient
water for the use of the vegetation, will be greater than the figures indicated
here. The evaporation from an open water surface will most likely also be higher,
and according to this way of thinking it seems that the annual evaporation losses
from future reservoirs in the Basin will be higher than 60 inches a year.

EVAPORATION PANS

The U.S. Weather Bureau Pan Class A is normally used for evaporation studies
in East Africa, and pans of this type were installed at the Rujewa and the Mtanza
Trial Farms and at Mtera and Igawa meteorological stations. Pan observations are

also available for Dodoma, 1953 to 1959, Dar es Salaam 1958/59 and Nyamba ya Mungu

on the Pangani River, 1958/59. At Rujewa three pans were installed in various ways
to ascertain if some differences occur in the readings. Pan 1 is placed on a frame

upon the ground. Pan 2 is clug into the ground with one inch rim above surface.
Pan 3 is placed into the ground with air space around it.

Evaporation pans require especially reliable and accurate observers. Measure-
ments on rainfall and of water added to and taken out of pan must be accurately
recorded and furthermore the pan must be kept clean and watched for leakage.
During wet season heavy showers may cause splash of water and in dry season, when

water is carce, a pan is often a resort for game and birds. Fences were made

against game but birds and various smaller anima/s could not be prevented from dr

drinking out of the pans. During the last few years work has been in progress by
the East and Central African Territories on a design of a standard screening of

evaporation pans. It is essential that such a standard screen be introduced in

future pan observations.
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Regardless of uncertain factors the losses from a small body of water in a pan
can only be indicative on evaporation from an extensive storage. Certain coeffi-
cients must be applied for converting pan data into applicable data. Such a coef-
ficient varies regionally and probably also seasonally. A coefficient of 0.7 has
been recommended for the Class A pan, but values ranging from 0.6 to 0.8 or greater
have been reported, (4, p. 163).

Results from pan observations in the Rufiji Basin are tabulated together with
other evaporation records at the end of this chapter.

d. THE EVAPORATION FORMULA OF PENMAN

Penman has evolved a formula for calculating evaporation. The result of the
computations are referred to as evaporation from open water and is generally
applicable to smaller reservoirs. The East African Agricultural and Forestry
Research Organisation has worked out modified values of various constants and coef-
ficients to better suit the conditions in East Africa, and has kindly computed
evaporation data using this method for some areas of the Rufiji Basin. The modified
method is not yet published. The meteorological observations used have some
deficiencies and are not up to scientific standard but the result is thought to be
of great value for a preliminary estimate of evaporation.

PICHE ATMOMETER

The Piche Atmometer consists of a graduated glass tube with the top end closed
and the bottom end flat, the flat end being covered by a standard circular piece of
filter paper pressed against it by a disk. In use the tube is filled with distilled
water, the paper and disk put on and the whole instrument inverted and exposed in a
standard meteorological screen.

Records for a number of years are available for Piche Atmometer readings in
East Africa, but the instrument has more and more gone out of use, because there is
a great uncertainty if and how these records can be converted into applicable
evaporation units. Records from 10 stations inside the "Tanganyika Forecast Area"
are given for comparison in percentage values in a special table at the end of this
chapter.

EVAPORATION FROM AFRICAN LAKES

The evaporation losses from the greater African Lakes have been discussed by
various authors. Different methods for estimation are applied and the results also
differ considerably. Information quoted is given below with souroe of reference.

In this respect it is of interest to mention a combination of some records
from Lake Nyasa. The Water Development Department, Nyasaland, kindly supplied
records from 29 evaporation pans in that country. These records are tabulated in a
special way, table XVII. Ten of these pans areplaced around and practioally on the
sarna level as Lake Nyasa and the median annual evaporation from them is 85.51 inches.
As monthly cumulative percentages of the annual total., this evaporation can be
expressed as follows:-

A M J 3 A S 0

12.0 20.4 27.6 33.2 190 47.6 55.2 62.0 69.5 78.0 87.9 100.0



Lake Nyasa

61 inches, N.J.

84 inches, F.E.
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Mr. N.J. Cochrane (11, p. 379) gives a tentative evaporation of 31.5 inches from
Lake Nyasa in the five driest months June to October. This is calculated from water
budget as the average 1929-1953, the annual range being from 39.5 to 25.5 inches.
During the dry season one can assume that evaporation can be fairly accurately com-
puted this way. According to the above tabulation this evaporation corresponds to
44.8% of the annual total which consequently should be 70.3 inches. The pan factor
is here assumed to be constant throughout the year and the median value is
70.3/85.51 0.82. The depth of evaporation from such large lakes is usually less
than from smaller reservoirs. Some information on lake evaporation can be given as
follows.

Cochrane; Lake Nyasa and the River Shire, Proc. Instn. Civ. Engrs.
Vol. 8 Dec. 1957 (own formula) (11).

Kanthak; The Fluctuations of Lake Nyasa. The Geogr. Journal,
Vol. XCVIII No. 19 July 1941. (Own graphs) (1).

70.3 inches, J. Otnes; (A combination of water budget and pan observation) See above.

Lake Victoria

47.3 inches, H.E. Hurst; A short account of the Nile Basin, Phys. Dept. Paper No. 45.
Cairo 1944 (Water budget, 120 cms.) (2).

60 inches, H.L. Penman 1954; Information given in Note below by H.O. Walker.

Proposed Lake Volta, Ghana

60-66 inches, H.O. Walker; Gold Coast Meteorological Dept. Departmental Note, 1955
(Various methods) (8).

Aswan Dam

110 inches, verbal information through M.N. Allan, Irrigation Consultant to the
Republic of the Sudan (Deduced from a series of floating pans).

g. GENERAL CONSIDERATIONS

Dams are often built at the outlet of swamps where the natural evapotrans-
piration is comparatively high. This loss is automatically deducted in all down-
stream runoff records and under such circumstances the actual loss of water after
construction of reservoir will be less than directly observed. A typical example
of such a reservoir is proposed on the Ndembera River.

If a reservoir has a sufficient capacity to regulate the runoff from its
catchment in such a way that no water goes to waste over the spillway, evaporation
losses should be deducted for the whole year. Such a reservoir cannot always be
found or built and for comparatively small reservoirs where water is ample and spills
at the end of the filling period it is especially important to know what is lost by
evaporation during the draw off season. This begins at the time when the reservoir
is still at full supply level and lasts until the regulated flow equals the natural
flow of the river.
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For evaluation of monthly and seasonal evaporation, the observed data are
expressed in percentage of the annual total and these percentages have been
accumulated for the whole year. A summary of accumulative percentages are given
at the end of this chapter and it will be seen that, with the exception of the
Piche records, these figures coinoide very well. If annual evaporation is estimated
the seasonal distribution can be determined fairly accurately and it is recommended,
until more information is available, that the more comprehensive Nyasaland records
should be applied for this purpose,

CONCLUSIONS

From the rather fragmental records available it is not possible to give
reliable evaluations on evaporation from future reservoirs in the Basin. The
recommended pan coefficient of 0.7 was used for converting pan data, and together
with theoretical values of the Penman formula, the results group around 80 inches
of loss in a year. Even if the data varies a good deal, this is taken as the
average loss which must be reokoned with. In the driest areas of the Great Ruaha
sub-catchment the open water evaporation is assumed to be higher than this. The
Mtera records show a very high evaporation (112.6 inches) which is of the same
order as for the Aswan Dam in Egypt. At Dodoma, however, where the climate is also
dry, the records show a suprisingly low evaporation (67.4 inches) and except for
Dar. es Salaam, in a humid climate on the Coast, this is the lowest recorded for the
area. The reason for this is not understood. The climate at Mtera is hot and dry
with a rainfall of less than 20 inches ayear. The evaporation must be comparatively
high and is set to 100 inches a year for the preliminary investigations of a
reservoir at Mtera.

If reservoirs are to be built high up in the mountains and also very close to
the Coast the evaporation will possibly be in the order of 60 to 70 inches or even
less in a year. Until further information is compiled, which will bring more light
into the problem, it can at present only be stated that the average evaporation
losses from a future reservoir in the Basin most likely will be within a wide range
of 60 to 100 inches a year with a probable average of 80 inches for the whole area.

FUTURE INVESTIGATIONS

So little is known on evaporation in Tanganyika and it is a necessity that
extensive investigations should be introduced on this phenomenon.

If and when a suitable reservoir is built, measurements should be taken for
accurate recordings of inflow, outflow and of water level variations in the reservoir
itself and the loss computed from these data. Seepage is an implicit factor which
is almost impossible to evaluate accurately, and espeoially in new reservoirs this
factor might upset the whole equation, but as years go by the seepage has a tendency
to diminish more and more and in certain reservoirs, especially in rooky valleys, it
is often of a negligible order. It is important to get evaporation computed from
water budget data and that a number of different pans are installed on the lake shore
together with the usual meteorological instruments for a determination of pan coef-
ficients and a comprehensive study of evaporation.

Standard screened pans should be installed together with the unsoreened Class A
pan and the necessary meteorological instruments at a number of places in the Basin.
It is advisable that such stations are established at or near administrative centres
where a close check can be maintained,

In the last years the Gun-Bellani Radiation Integrator has been introduced in
evaporation studies in East Africa. It is of value that investigations continue with
this instrument together with the other installations.



CLASS A.

PAN 1.

1956/57
1957/58
1958/59
1959/60
2 years average

Cummulative

Penman'S Formula

1956/57
1957/58
1958/59
Average

%
% Cumulative

TABLE XV - EVAPORATION RECORDS IN THE RUFIJI BASIN

RUJEWA TRIAL FARM. Lat. S. 8°37' - Long. E. 34°16' - Alt. 3470 feet.

N D J F N A Ivi J J A
Inches
Tétal

1956/57 - - 7.1 5.9 7.3 6.7 8.3 9.0 9.6 11.2 12.5 13.7 -
1957/58 14.2 9.5 8.4 5.1 6.6 8.2 9.0 8.9 10.0 10.2 11.3 12.3 113.7
1958/59 12.3 10.3 10.5 10.1 9.9 11.4 11.9 10.7 12.3 11.7 14.1 12.7 137.9
1959/60 12.2 11.7 - - _ - _
Average 12.9 10.5 8.7 7.0 7.9 8.8 9.7 9.5 10.6 11.0 12.7 12.9 122.2
% 10.6 8.6 7.1 5,7 6.5 7.2 7.9 7.8 8.7 9.0 10.4 10.5 _
% Cumulative 10.6 19.2 26.3 32.0 38.5 45.7 53.6 61.4 70.1 79.1 89.5 100.0 _

PAN 2. Pan sunk into ground, no airspace around, rim 1" above ground level.

1956/57 - - 7.8 5.3 6.9 5.5 7.0 7.9 8.4 9.5 9.5 11.9
1957/58 12.0 8.8 5.0 3.8 4.7 7.2 7.1 7.7 8.2 8.6 9.6 10.8 93.3
1958/59 11.6 8.9 8.7 9.0 8.0 9.7 10.1 7.9 8.9 8.1 10.4 10.2 111.5
1959/60 9.9 7.3 - _ _ - _ _

Average 11.2 8.3 7.2 6.0 6.5 7.5 8.1 7.8 8.5 8.7 9.8 11.0 100.6
% 11.1 8.2 7.2 6.0 6.5 7.5 8.1 7.8 8.4 8.6 9.7 10.9 _
% Cumulative 11.1 19.3 26.5 32.5 39.0 46.5 54.6 62.4 70.8 79.4 89.1 100.0 -

PAN 3. Pan sunk into ground, airspace around.

_ _ - _ _ _ _ 8.5 9.5 10.6 12.6 _
12.5 9.3 5.2 3.7 3.0 7.2 6.7 7.8 8.4 9.9 11.0 11.1 95.8
10.3 10.4 10.1 9.1 8.4 9.9 11.0 9.0 10.4 10.1 12.2 11.6 122.5
11.3 8.0 -
11.4 9.9 7.6 6.4 3.7 8.5 8.9 8.4 9.4 10.0 11.6 11.4 109.2
10.4 9.1 7.0 5.8 5.2 7.8 8.2 7.7 8.6 9.2 10.6 10.4 -
10.4 19.5 26.5 32.3 37.5 45.3 53.5 61.2 69.8 79.0 89.6 100.0 -

9.7 8.6 7.0 5.2 6.8 5.5 5.5 5.5 5.7 7.2 8.5 7.8 83.0
8.0 7.4 6.9 4.7 6.5 5.9 5.9 5.4 5.8 7.1 7.9 9.3 80.0
9.2 7.0 6.9 5.6 5.8 6.3 6.4 5.5 5.5 6.4 7.7 8.1 80.4
9.0 7.7 6.9 5.2 6.4 5.9 5.9 5.5 5.6 6.9 8.0 8.4 81.4

11.0 9.5 8.5 6.4 7.9 7.2 7.2 6.8 6.9 8.5 9.8 10.3
11.0 20.5 29.0 35.4 43.3 50.5 57.7 64.5 71.4 79.9 89.7 100.0



Piche readings.

1956/57
1957/58
1958/59
Average

% Cumulative

PAN CLASS A.

1957/58
1958/59
Average

% Cummulative

CLASS A.

1957/58
1958/59
Average
e

% cumulative

PAN CLASS A.

1956/57
1957/58
Penman's Formula

1956/57
1957/58
Average

Cummulative

TABLE XV - EVAPORATION RECORDS IN THE RUFIJI BASIN

RUJL-a TRIAL FARM. Lat. S. 8°37° - Long. E. 34016' - Alt. 3470 feet.

A

MTERA. Lat. S. 7°5, - Long. E. 35°59' - Alt. 2209 feet.

A S o Inches
Total

13.3 11.8' 10.0 8.0 13.0 9.4 8.6 9.7 10.2 11.7 12.7 13.7 132.1
14.1 8.4 9.9 7.3 8.3 11.2 12.3 10.8 10.0 9.5 10.5 11.4 123.7
13.7 10.1 10.0 7.6 10.6 10.3 10.5 10.2 10.1 10.6 11.6 12.6 127.9
10.7 7.9 7.8 5.9 8.3 8.1 8.2 8.0 7.9 8.3 9.1 7.8
10.7 18.6 26.4 32.3 40.6 48.7 56.9 64.9 72.8 81.1 90.2 100.0

18.8 11.2 14.3 8.1 9.0 (9.5) 9.9 10.5 11.5 15.9 19.3 21.3 159.3
23.2 17.5 9.8 7.1 7.7 12.0 11.5 10.7 11.3 13.6 17.8 20.2 162.4
21.0 14.4 12.0 7.6 8.4 10.7 10.7 10.6 11.4 14.7 18.5 20.8 160.8
13.0 9.0 7.5 4.7 5.2 6.7 6.7 6.6 7.1 9.1 11*5 12.9
13.0 22.0 29.5 34.2 39.4 46.1 52.8 59.4 66.5 75.6 87.1 100.0 -

LITANZA TRIAL FARM. Lat. S. 7°52' - Long. E. 38°23' - Alt. 115 feet.

9.3 7.9 9.1 5.8 9.2 10.2 10.5 12.7 14.2 13.5 (118.0)
8.0 7.5 9.5 7.6 7.5 7.5 5.2 5.0 5.3 6.9 8.0 9.5 87.5

8.7 8.0 6.1 5.9 6.5 5.8 5.3 5.0 5.0 6.0 7.1 8.0 77.4
7.0 7.3 8.0 6.8 7.1 6.7 6.0 5.2 5.2 6.2 7.4 8.9 81.8
7.8 7.6 7.1 6.4 6.8 6.2 5.7 5.1 5.1 6.1 7.2 8.5 79.6
9.8 9.6 8.9 8.0 8.5 7.8 7.2 6.4 6.4 7.7 9.0 10.7
9.8 19.4 28.3 36.3 44.8 52.6 59.8 66.2 72.6 80.3 89.3 100.0

17.3 11.8 4.5 3.1 4.9 4.6 8.0 9.9 11.1 13.1 15.0 16.7 120.0
16.6 8.6 5.0 (4.0) 3.9 6.8 9.3 10.3 11.6 11.7 13.0 17.8 (118.6)
16.4 8.3 6.9 4.3 4.1 6.4 8.5 10.2 12.8 14.0 14.1 13.9 119.9
16.8 9.6 5.5 3.8 4.3 5.9 8.6 10.1 11.8 12.9 14.0 16.1 119.5
14.1 8.0 4.6 3.2 3.6 4.9 7.2 8.5 9.9 10.8 11.7 13.5
14.1 22.1 26.7 29.9 33.5 38.4 45.6 59.1 64.0 74.8 86.5 100.0

IGAWA. Lat. S. 8°46' - Long. E. 34°22' - Alt. 3524 feet.
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TABLE XVI - PAN EVAPORATION AT DODOMA

6°11' 35°45'DODOMA. Lat. S. - Long. E.

Data up to November 1956 are obtained from Geological Survey of Tanganyika. Observations are taken on the roof
of the Geologioal Survey's Laboratories and it is reported that the pan was partly sheltered against wind.
Observations after that date are obtained from the Provisional Engineer P.W.D. Dodoma and figures given are the
averages from readings in two pans at Dodoma reservoir.

- Alt. 3305 feet.

Inches
Total

N D J F M A S 0

1953/54 12.6 9.3 6.2 7.6 9.0 7.5 7.4 7.2 7.8 8.7 9.6 11.8 104.7
1954/55 11.7 9.0 9.6 5.9 7.1 6.6 7.0 6.6 7.0 8.5 8.6 9.6 97.2
1955/56 9.0 (9.3) (8.2) 5.5 8.2 5.0 7.3 6.3 7.6 7.8 9.3 9.2 92.7
1956/57 9.3 .
1957/58 10.4 9.5 8.7 6.6 4.8 6.6 6.4 7:4 7:8 8:o 8:-e511.8 96.5
1958/59 12.1 6.2 6.1 4.1 4.4 6.1 7.3 7.2 8.0 9.0 9.5 10.1 90.1
Average 11.2 8.7 7.8 5.8 6.7 6.4 7.1 6.9 7.6 8.4 9.1 10.5 96.3
% 11.6 9.0 8.1 6.0 7.0 6.7 7.4 7.2 7.9 8.7 9.5 10.9 _
% Gummulative 11.6 20.6 28.7 34.7 41.7 48.4 55.8 63.0 70.9 79.6 89.1 100.0 -



TABLE XVII

PAN EVAPORATION FOR VARIOUS STATIONS IN NYASALAND PROTECTORATE

Accumulated Monthly Average Evaporation Expressed as a Percentage of Annual Average
Percentages worked out from the Data kindly obtained from Director of Water Development-Nyasaland.

vaximum and minimum are underlined

Note: The pan used is the "Standard PWD Pan, Kenya". It is 4 feet in diameter and has a depth of
15 inches and water is maintained within 2 or 3 inches of the top. The pan is raised 4
inches above ground level.

Station Eleva-
tion.
Feet N D J F M A 14 1 3 A

Years
of

S 0 obs.

Annual
Total
Inches.

Karongo 1575 12.5 21.3 28.3 35.2 42.5 49.7 56.9 63.6 70.3 78.7 82.2 100 6 78.65
Deep Bay 1560 12.1 21.7 29.2 34.8 42.3 48.7 55.6 61.9 69.2 77.9 87.7 100 6 85.21
Mzuzu 4160 13.5 22.0 29.4 35.4 42.8 49.2 55.4 60.5 66.6 74.9 85,9_ 100 7 58.39
Mkata Bay 1585 12.5 19.9 25.9 29.5 33.0 37.1 44.3 2:2 61.4 74.6 -8-678 100 5 75.85
Chinteche 1560 9.4 17.4 23.8 ati -7-""30.1 42.4 50.6 58.7 67.9 78.1 88.1 100 5 67.15
Mzimba 4445 12.3 19.7 25.3 30.4 36.7 43.1 50.4 57.1 64.4 DA 85.0 100 6
Likoma Island 1600 11.9 20.9 27.7 33.7 40.5 47.7 55.2 62.2 69.8 77.9 87.4 100 6

Kota Kota 1560 13.3 22.3 28.1 33.1 39.4 46.5 53.3 59.2 67.1 76.3 86.4 100 6

Salim a 1675 12.8 20.7 27.5 32.5 39.2 46.1 53.1 58.7 66.0 75.4 86.1 100 5

1819!

Agr.Res.Stn. 3600 12.0 19.3 25.6 31.2 37.8 44.3 50.9 57.1 64.7 74.0 85.5 100 4 71.58
L ilongwe

Chipoka
1500
1570

11.6
11.4

19.9
19.2

27.4
25.6

33.6
31.7

40.7
39.4

47.5
47.5

54.3
55.1

60.2
62.1

67.2
69.8

75.7
78.6

86.2
88.2

100
100

7
6

64.38
85.81

Monkey Bay
Chingoni

1580
4500

10.9
16.9

20.1
23.2

28.4
29.7

14-.3
35.0

41.6
42.0

49.9
48.1

-57.7
55.2

64.5
60.2

71.6
67.0

79.3
74.8

88.9
86.6

100

100

6
1

Fort Johnson
Zomba
Matope

1580
3140
1525

10.4
12.3
11.1

19.1
20.9
18.7

26.9
23.5
26.0

33.4
35.1
32.6

41.3
42.4
39.9

49.9
49.2
47.2

57.4
55.4

-54.2

64.1
60.9
60.2

71.2
67.5
67.2

79.7
76.0
75.8

88.8
86.2
86.3

100

100
100

7
4
4

68

90.07
54.25

:86144498 2T:

Sombani
Limbe

2000
3600

10.8
10.6

18.3
18.8

25.7
27.7

33.2
35.5

41.9
42.0

50.1
48.9

58.1
55.2

65.6
60.3

73.9 81.0 89.3l 100
100

3
5 93..373866.8 75.6 85.9

Chileke 2527 12.3 19.9 26.9 32.8 40.1 46.7 53.3 59.1 66.5 75.2 86.2 100 4
Blantyre 3450 11.1 19.1 27.6 34.9 42.6 49.8 56.2 61.5 67.7 76.0 86.6 100 7 61.53
Muda Dam 3500 11.3 19.9 27.0 34.4 41.7 48.6 54.8 60.7 67.7 76.2 86.8 100 3 65.98
Chisombesi 3500 15.6 25.2 33.7 41.3 48.4 55.7 61.5 66.0 73.4 79.7 87.7 100 2 67.91
Chikwawa 350 11.7 19.9 27.2 34.1 41.7 49.0 55.4 ZEN 66.4 74.7 85.5 100 7 71.83
Naming'omba 3500 11.7 20.3 29.3 37.2 45.2 51.4 57.5 62.4 63.2 76.5 86.8 100 7
Swazi 2000 12.0 21.8 30.8 40.7 47.7 54.1 59.7 64.6 704 78.0 87.3 100 2 I..(811

Alimenda 2000 9.6 20.3 27.8 35.7 43.7 50.8 57.7 62.6 67.9 76.0 85.7 100 2 83.08
Mdkanga 175 12.7 21.4 29.4 36.3 44.1 51.5 58.2 63.3 69.2 76.6 86.6 100 5 77.23
Port Herald 120 12.2 21.4 29.8 38.0 45.8 52.8 59.3 64.3 70.2 77.8 87.0 100 6 86.16



TABLE XVIII - EVAPORATION FROM A PICRE ATMOMETER EXPRESSED IN MONTHLY PRECELVTAGES OF THE ANNUAL AVERAGE

Calculated from records obtained from EAMD

Note: The annual totals are not included in this tabulation as these may be conghsiagt

STATION N D J F M A M J J A S 0
No. of
Years

Dodoma 12.2 8.6 5.9 5.3 5.4 5.6 7.1 7.7 8.6 2,6 11.1 12.9 9

Iringa 10.9 7.0 4.2 4.5 4.3 5.8 7.6 8.8 10.4 11.4 12.1 13.0 9

Kigoma 6.0 io 5.5 5.4 5.7 5.1 7.0 9.4 11.9 14.1 13.8 11.1 10

Kondoa 11.1 7.7 LA 322_ LA 522 6.4 7.0 7.9 8.9 10.5 12.6 7

Lindi 9.3 7.8 6.1 5.9 5.8 5.6 II 10.2 10.9 10.5 2s 241 10

Mbeya 12.4 8.0 5.6 5.2 5.2 IL/ 5.3 1.1 8.6 10.0 12.7 15.2 9

Mpwapwa 11.9 9.2 6.6 4.4 4.7 4.9 7.3 8.8 9.1 9.8 11.0 12.3 5

Sao Hill 13.0 8,4 4.3 44 3.9 isi 6.2 7.6 8.6 10.7 13.8 14.8 7

Songea 12.4 7.2 la ja 4.1 5.0 6.2 7.6 9.3 10.7 13.7 15.3 9

Tabora 9.2 5.4 4.9 4.6 4.5 4.8 6.4 9.1 10.9 12.0 13.4 14.8 10

Median 11.5 7.8 5.6 4.9 4.9 5.1 6.7 8.3 9.2 10.6 12.7 ...3.0 -
Accumulated 11.5 19.3 24.9 29.8 34.7 39.8 46.5 54.8 64.0 74.6 87.0 100.0 -



Area Method N D J

Summary

TABLE XIX - EVAPORATION

J A S 0 Remanks

of cumulative percentaoses

F N A 1.1 3

"Tang.
Forecast"
Área Fiche 11.5 19.3 24.9 29.8 34.7 39.3 46.5 54.3 64.0 74.6 87.0 100 Median of 10 stations.

Dodoma Pan 11.6 20.6 28.7 34.7 41.7 48.4 55.8 63.0 70.9 79.6 89.1 100 5 years average.

Litera Pan 13.0 22.0 29.5 34.2 39.1 46.1 52.3 59.4 66.5 75.6 87.1 100 2 years average.

Rujeua Pan No.1 10.6 19.2 26.3 32.0 38.5 45.7 53.6 61.4 70.1 79.1 89.5 100 3 years average.

flu Pan No.2 11.1 19.3 26.5 32.5 39.0 46.5 54.6 62.4 70.8 79.4 89.1 100 3 years average.

Pan No.3 10.4 19.5 26.5 32.3 37.5 45-3 53.5 61.2 69.8 79.0 89.6 100 2 years average.

II II Penman 11.0 20.5 29.0 35.4 43.3 50.5 57.7 64.5 71.4 79.9 89.7 100 2 years average.

:rtanza Penman 9.3 19.4 28.3 36.3 44.8 52.6 59.3 66.2 72.6 30.3 89.3 100 2 years average.

Lake llyasa Pan 12.0 20.4 27.6 33.2 39.9 47.6 55.2 62.0 69.5 78.0 87.9 100 Median of 10 pans
on shore of lake.

Nyasaland Pan 12.0 20.0 27.6 34.2 41.7 48.3 55.3 60.8 67.7 76.2 86.7 100 Median of 29 pans.



TABLE XX - SUMMARY OF ANNUAL VALUES

RUJEUA TRIAL FARM

Pan (122.2 x 0.7) inches

Penman

IGAWA METEOROLOGICAL STATION

Pan (160.8 x 0.7) inches = 112.6 inches

DODOMA

Pan (96.3 x 0.7) inches

LUMEMO TRIAL FARM

Penman

MTANZA TRIAL FARM

Pan (103.0 x 0.7) inches

Penman

1
MEP

MN,

MEN

85.5 inches

81.4 inches

67.4 inches

81.6 inches

72.1 inches

79.6 inches

DAR ES SALAAM (i year 1958159)

Pan (65.5 x 0.7) inches 45.9 inches

MALINDI, COAST KENYA, (2 years 1956 and 1957)

Pan (65.4 x 0.7) inches = 45.9 inches

NYUMBA YA MUNGU, PANGANI RIVER, (1 year 1958/59)

Pan (107.3 x 0.7) inches = 75.1 inches
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14. SUMMATION CURVE ANALYSES

INTRODUCTION

The River Flow Summation Curve, also tened the Mass Curve, is one of
the most suitable methods for studying the effect of various Storage Capacities
Provided on a river and for the utilization of water in its practical aspects.
This method has been used on river regulation studies in the Rufiji Basin and
various data derived from such analyses are tabulated and also presented in graph
form in this report. The establishment and application of Summation Curves are
described by the Author in an article Ln"Water Power"(12) and for more
detailed information ofthe method, reference is made to ths3 source.

The actual summation curves, 28 in number, are not included in this
report. They are drawn on rolls of transparent graph paper and have been handed
over to the Director of Water Development and Irrigation Department. It is hoped,
as new data are received from the field, that these disoharges will be added to the
previous totals and the curves extended. New curves should also be established for
other important areas and as years pass by one will then get better material for
river regulation evaluation on the Rufiji and its tributaries.

REGULATION CURVES

The annual regulation curves show the resultant regulated flow over the
dry season for any effective reservoir oapacity located upstream of the point under
consideration. The regulated flow may be defined as the minimum flow in the
regulation year when storage is utilised for obtaining a flow as even as possible
at a given point. An annual regulation curve commences at the point of minimum
discharge and ends at the point of average discharge over the total regulation year.
In certain instances a regulation curve can be extended for regulation studies over
more years. This has not been done in studies on the Rufiji. Very often the
evaporation from a reservoir is so high that it is not economical to store water
for extensive periods and furthermore the observation period is too short for
reliable analyses on long time regulation.

The regulation curves for the stations analysed are given in table
and graph form at the end of this chapter.

FLOOD REDUCTION CURVE

These curves relate the size of effective reservoir capacity on a river
to the corresponding maximum flood obtained under regulated conditions. It is then
assumed that all reservoir capacities are utilised for cutting the flood peaks off
in such a way as to get the maximum flow as even and as small us possible at the
station under consideration.

The flood reduction curves will only apply if the actual flood con-
tribution from the partial unregulated subcatchment between the reservoir and the
station does not exceed the oomputed regulated flood. Por this purpose a reservoir
can only contribute to the extent of regulation of its own catchment.

It can be mentioned that 1956 was a very heavy rainfall year for the
whole south eastern part of Tanganyika. At many stations this is the maximum
observed since 1940. The flood reduction curves this year can therefore be
considered as very unfavourable and were applied on studies of flood control.



Flood regulation aarves for the stations analysed are given in table and
graph form at the end of this chapter.

FILLING AND TAPPING PERIODS

The lengths of filling and tapping period.% are calaulate& an& tabulate&
together with the other regulation and flood reduction data records. It is of
interest to know how long a time it takes to fill different reservoirs and
especially the length of the tapping period is important for studies on evaporation
losses. In calculations of the duration of filling and tapping periods, it is
assumed that water at all times is let out of reservoir so as to even out the river
flow as much as possible at the stations to which the data apply.

PERCENTAGE OBBVES

The regulation and flood reduction curves are expressed in percentage
of average values. Storage capacity is calculated as a percentage of average annual
runoff at the station. This figure is called the storage percentage and explains
what portion of the average annual.runoff canmbe held by the reservoir. The
corresponding regulated flow over the'dry season is expressed as a percentage of
average rate of flow at the station. This figure is called the regulation percen-
tage. If the regulation percentage is 100 it means that the dry season flow that
year equals the long time average flow of the river provided the appropriate storage
capacities were in existance. The corresponding regulated flood for each storage
percentage is also alculated as a percentage of average annual rate of flow. This
figure is called the flood regulation percentage.

Experience has proved that catchments of similar hydrological character
produce nearly equivalent regulation curves when expressed in percentage values.
This often permits the use of the curves in adjacent areas and for other points on
the same river. Furthermore, it is possible to group the curves for the different
stations according to relative storage requirements.

Dor stations where observations are available for 1956, the flood
reduction curves are shown graphically in percentage values at the ends of this
chapter. Some percentage regulation curves ate also shown graphically. A closer.
study of these curves is of interest, with regard to their particular application,in
the Rufiji Basin.
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER Minn STATION STIEGLER'S GORGE NO ]X3 CATCHMENT AREA. 61 106 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 194Ô/41 - 54/55) 18 050 000 . ACRE FEET. OR.. 24 976 ..CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS OT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE REGULATED FLOW, 5;
CAPACITY,

ACREFEET 1955 1956 1957 I 1958 1959 1955 1956 1957 I 1958 1959 C.ic 1955 1556 1957 1958 1959

0 2 900 4 500 3 600! 2 500 1 800 0 0 0 . 0 0 0

5.5

11.6 : 18.0 14.4 10.0 7.2
1 000 000 9 879 U. 776 11 403 9 237 8 498

509

124 129 118 116 124 39.6 ,

;

47.1 45.7 37.0 34.0

2 000 000 13 680 15 243 14 944 12 995 11 142 154 183 147 176 11..1 54.8 : 61.0 59.8 52.0
65.1 /

46.1
56.93 000 000 17 000 18 345 17 531 16 260 14 200

627

160 172

195

204 162 i 203 16.6 68.1 73.4
84.0

70.2
79.94 000 OCO 20 000 20 992 19 949 19 270 16 173 214 173 ; 214 22.2 80.1 77.2 j 66.6

5 000 000 22 880 23 541 22 274 21 630 181 202 219 207 27.7 91.6 , 94.3 89.2 86.6
6 000 000 25 631 26 051 24 532 23 920 187 211 227 231 33.2 102.6 i 104.3 98.2 95.8
7 000 000 28 275 218 1 38.8 113.2

122.48 000 Ooo 30 571 222 44.3
9 000 000 32 813 273 49.9 131.4

10 000 000
_

34 657 276
. 55.4 138.8

11 000 000 36 450 285 1

i 60.9 145.9 .

12 0001'000 38 218 287 66.5 153.0

1955:6 600 000 27 268

26

1

I

i.

191 36.6 109.2
195612 500 000 39 184

381
1

287 I .3
37.7

156.
1957 :6 800 000 I 230 L 105.6

1958:7 200 000

i

26 390 242 39.9 105.7
1959.5 200 000 19 212 222 28.8 76.9
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I:3LE XXI

RUFIJ1 BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE RUABA STATION IRMak NOIn 2 CATCHMENT AREA 1 127 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETiC 1940/41 - 54/55) 444 000 ACRE FEET, OR 614 CUSECS.

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

r-io

,

REGULATED FLOW, To

ACREFEET 1955 1956 1957 1958 1 1959 1955 1956 1957 f 1958 1959 1955 1;56 1957 1958 1959

0 130 199 205 136 124 0 0 0 0 0 0 21.1 ' 32.4 33.4 22.12O.2
10 000 230 334 309 246 273 94 97 75 71 84 2.2 I 37.4 54.4 50.3 40.0 44.4
20 000 278 380 370 313 320 128 121 97 84 128 45 45.2 1 61.9 60.2 50.9 52.1

_ 30 000 312 420 420 360 357 148 132 109 109 143 6.7 50.8 68.4

73.3
68.4 58.6 i 58.1

40 000 345 450 464 403 391 155 141 119 1 125 158 9.0 56.2: 75.5 65.6 63.7
50 000 375 480 501 440 421 172 161 180 138 179 11.2 61.0 78.1 81.6 71'6 68.5
60 000 510 528 475 448 170 188 149 188

197

13.5 83.0
92.5

101.8

85.9
94.4

77.3 72.9
80 000 568 580 530 501 180 197 191 18.0 56.3 , 81.6

100 000 625 630 579 195 215 207 22.5 102.6 94.3
120 000 680 675 626 199 226 215 27.0 110.7 109.9 101.9
140 000 728 719 208 231 11.5 118.5 117.1

e

1955: 62 000 428 203 13.9 _69.7
1956: 168 000 ------- 798 ....L.

760 I

685

219
E 37.8

35.6

130-.0

1957: 158 000 237

260

123.8
1958: 147 000 33.1 111.5

1959: 99 000 I 545 235 22.3 1

1
88.7
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TAnLE XXI

RUM BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER GREAT RUM STATION KIDATU NO 114.3 CATCHMENT AREA 3ó 905 SO MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 2 386 000 ACRE FEET, OR 3 302 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,CUSECS.LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEET 1955 1956 1957 1 1958 1959 1955 1956 1957 1958 1959 (.; 1955 1956 1957 1958 1959

O 484 484 454 454 398 0

127

0 0 1 0 i 0 o 14.7 , 14.7 13.7 13.7 12.1
100 000 1 095 J. 152 J. 170 1 119 1 096 126 146 118 118 4.2 33.2 34.9 35.4 33.9 33.2
200 000 1 450 1 520

I

1 492 1 498 1 482 155 145 165 146 142 8.4 43.9 46.0 45.2 45.4 44.9
300 000 2:74 - 1 770 1 831 1 792 158 - 186 157 187 12.6 537 - 53.6 55.5 54.3
400

500

000

000

2 080 2 142 2 035 i2 078
2 311

2 058

-
171 192 198 213 I 198 16.8 63.0 649 61.6

69.2
62.9 62.3

2 361 - 2 285 181 204 221 - 2140 71.5 - 70.0 -
600 000 2 642 2 648 2 528 2 5S7 2 540 188 207 213 227 213 25.1 80.0 80.2 76.6 76.8 76.9
700 000 2 907 - 2 762 2 757 - 192

195

- 220 231 - 29.3 88.0 - 83.6 83.5 -
800 000 3 170 3 128 2 988 2 940 3 007 215 225 252 224 33.5 96.0 94.7 90.5 89.0 91.1

/ 000 000 3 590 3 434 3 363 221 229 257 41.9 108.7 104.0 101.8
1 200 000 4 040 3 870 3 721 228 233 266 50.3 122.4 , 117.2 112.7
1 400 000 4 480 4 295 231 240 58.7 135.7 130.1

1 600 000 4 912 4 713 235 244 67.1 , 148.8 142.7
1 800 000 5 340 239 75.4 161.7
2 000 000 5 760 242 83.8 I 174.4
2 200 000 6 175 245 I 92,2 187.0

1955: 874 000 3 360 107 I 36.6 101.8
I

1955:2 280 000 6 340
I

247 95.6 192.0
1

1957:1 675 000 4 867 i

I
245 70.2 147.4

1958:1 421 000 I 4 139 270 59.6 125.3

1959: 921 000

1

3 278 227 38,6
.

99. 3
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TABLE XX/

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER GUAT .. - STATION ..... NO BC& 4 . CATCHMENT AREA 28 774 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940 /41 - 54/55)._ ......1 712 000 ACRE FEET, OR 2 369 CUSECS.

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON ,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE :
I

CAPACITY, '

REGULATED FLOW, ch

ACREFEET 1955 1956 1957 1958 1959 Î1955 1956 I 1957 I 1958 1959 r
zo 1955 : 1956 , 1957 1958 i 1959

0 54 100 115 103 80 0 - 0 0 0 0 0 2.3 : 4.2 4.9 4.3H3.4
100 000 511 - - - - 145 1 - - - 5.8 21.6 _ - _ -
200 000 836 985 1 047 _1_01 945 182 158 170 154 154 11.7 15.3 41.6 44.2 44.3 39.9
300 000 1 110 - 189 - - - 17.5 46.9 - - - I -

! 64.5400 000 1,371 1 564 / 580 1 637 1 527 198 187 211 231
i 213 23.3 579 66.0 ! 66.7 69.1

500 000 1 620 - - - 210 - -
242

29.2 68.4
600 000 2 063 2 040 2 064 1 985 216 226 224

231

35.0 87.1 86.1 87.1 83.8

, 102.5800 000 2 521 2 481 2 452 2 428 225

232

23) 265

238 270

A6.7 106.4 104.7 103.5
1 000 000 2 963 2 909 2 839 58.4 125.1 122.8

140.4

119.8
1 200 000 3 392 3 325 239 245 i ______,70.1 143.2
1 400 000 381]. 242 i i 81.8 160.9
1 600 000 4 225 246 91.5 178.3 ,

.

1955: 553 400 3.747 213 32.3 .11:2...
1954 :1 888 000 4 807 254 110.2 1.202.9 I

1957 :1 355 000

I

3 623 249 79,3- 153.1
1958 :1 154 000 1 3 124 275 67.4 131.
1959 : 829 600 2 493 232 48.5 1

I
105.2
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

VARIOUS STORAGE CAPACITIES
NO 5 .. CATCHMENT AREA 26 254 SQ. MILES.

- 54/55) 655 000 ACRE FEET, OR 2 290 CUSECS.1

RESEaRVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COhAPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

r+
io

REGULATED FLOW, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1556 1957 1958 , 1959

O 37 129 110 88 76 0 o o 0 o o 1.6 5.6 4.8 3.8 3.3

100 000 615 650

1

718 675 654 142 149 126 132 127 6.0 26.9 28.4 31.4 29.5 28.6

200 000 942 971 043 1 026 1 027 169 170 174 154 142 12.1 41.1 1 42.4 45.5 44.8 44.8
300 000 1 202 1 258 1 323 1 339 1 345 205 183 185 168 1 191 18.1 52.5 j49

66.7
58.5 58.7

400 000 1 443 1 527 1 582 1 628 1 602 212 191 206 227 1 200 24.2 63.0 69.1 71.1 70.0

500 000 1 786 1 822 1 846 1 842 198 214 235 , 214 30.2 78.0
88.9

79.6
89.7

80.6 8c.4
600 000 2 036 2 053 2 058 2 075 219 220 249 219 36.3 89.9 90.6

700 000 2 263 2 280 2 258 2 304 225 225 258 , 223 42.3 97.6
108.5

99.7 98.6 102,,,,,

800 000 2 485 2 503 2 452 229 229 262 48.3

54.4

_09.3 107.1

900 000 2

2

705

921

2 722 2 643 232 231 266 118.1 118.9 115.4
1 000 000 2 935 235 235 60.4 127.5 128.2

1 200 000 3 345 3 356 240 243 72.5 146.1 146.5

1 400 000 3 760 245 84.6 164.2

1 600 000 4 168 248
A 96.7 182.0

1955: 470 000 1 616

2"
. 28.4 ..all'ai..

1956:1 742 000 4 454 251
.

105.3 L194.5
1957:1 300 Ooo 3 560

i
1

245 78.5 155.5

1958:1 058 000 2 940 i 272

227

63.9 128.4

=13.41959: 831 COO 2 598
: i 50.2
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT 0.F VARIOUS STORAGE CAPACITIES
RIVER CHIMak STATION CH-MLA NO liCA 7; CATCHMENT AREA 85 SQ. MILES

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 76 000 ACRE FEET, OR 105 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEET 1955 1956 1957 , 1958 1959 1955 1956
I

1957 1958 1959 r
i a 1955 1556 1957 1958 1959

0 , 23 21 18 14 19 0 ! 0 0 O. 0 0 21.9 20.0 17.1 13.3 18.1
5 000 41 46 45 44 43 163 ! 166 159 173

197

155 6.5 39.0 43.8 , 42.8 41.9 40.9

10 000 55 60 59 57 59 186 190 182 , 175 13.1 52.4 57.1 , 56.2 54.3 56.2
15 000 68 73

85

71 70 72
I

197 ; 198 246 206 . 187 19.7 64.7 69.5 67.6
77.1

66.6 68.5

20 000 81 81 85 202 206 274 194 26.3 77.1 80.9 80.9

91.425 000 97 90 96 219 278
1 239 32.9 92.4 85.7

30 000 109 99 107 242 287 1

1

24o

240

39.4 103.8 94.3
102.8
a n.4

101.9
35 000 120 108 117

I
245 290 1 46.0 114.3 111.4

121.9

131.4

40 000 116 128 294 I 247 52.6

45 000 138 250 59.2

1

1955: 21 300 204 28.0 80.0 1

1

1956: 36 000 121 245 47.3 115.2
I

1957: 41 500 120 298 54.6 114.3

1958: 20 400 82 214 26 8. 78.1

1959: 47 600 143 250 62.6
I

136.2
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TABLE XXI

RUFIJI BASIN SURVEY 1 HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
GT.N. RD. CHraLA NO 1KA 8RIVER 21PA:T RIMP STATION CATCHMENT AREA 326 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETiC 1940/41 - 54/55) 238 000 ACRE FEET. OR 329_ COSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEET 1955 1956 1957 , 1958 1959 1955 1956 1957 i 1958 1959 t/0 1955 1556 1957 1958 1959

0 49 57 62 58 165 0 0 o 0 o 0 14.9 17.3 18.8 17.6 50.1
10 000 10

157

150 r 4.2 32.5
20 000 138 153 168 282 170 182 158 160 156 8.4 41.9 1 46.5 51.0 47.7 85.7
30 000

40 000

167 183 12.6 50.7
?.94 205 228 214 338 192 198 188 189 189 16.8 58.9 62.3 69.3 65.0 /102.7

50 000 220 201

203

.

21.0 66.8 1

85.160 000 245 255 280 266 390 214 200 200 203
I

25.2 74.4 ' 77.5 80.8 118.5
70 000 269 208 29.4 81.7
80 oo0 294

317

300 329 315 439 214 235 207 207 212 33.6 89.3 91.2 100.0 95.7 133.4
go 000

363

216 96.3
100 000 343 373 481 239 252 212 246 42.0 104.2

I

1/3.41 110.3 146.2

t

242 251

I

120 000 385 413 407

450

521 241 257 50.4 117.0 125.5 123.7 158.3
140 000 427

468

452 562 244 260 244 253

255

58.8 129.8 137.4 136.8 170.8
160 000 491 601 245 262 67.2

75.6

142.2

i

149.2 182.7

180000 509 247 154.7

1955: 107 600 358
1

230 45.2 108.8 ,

1956; 197 700 545 248 83.0 165.6 1
1

1957: 171 600 513 271 72.1

I

155.9
I

1958: 147 400 464 246 61.9
1

141.0 -..... ..
195.11959: 180 700 -I

642 258 75.9
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TABLE XXI

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.
1111MINPPa

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

r-it,

REGULATED FLOW, %

ACREFEET 1455 1956 1957 1958 1959 1955 1956 I 1957 1958 1959 1955 1556 1957 1958 1 1959

0 14 15 14 131 14 0 0 0 0 0 0 7.6 1 8.1 7.6 7.0 7.6
10 000 6o 6o - 67 57 62 163 r 181 153 170 157 7.5 32.4 32.4 36.2 30,8 33.5

20 000 89 86 97 85 92 190 1 203 180 216 189 14.9
1

48.1 1 46.5 52.4 45.9 49.7
30 000 114 111 124 107 118 202 1 216 195 228 198 22.4 61.6 60.0

71.9

67.0 57.8 63.8

40 000 139 133 150 129 143 210

218

223 205

219

237 206 29.9 75.1 81.1 69.7 77.3
50 000 164 153 172 149 167 244 242 210 37.3 88.6 82.7 93.0 80.5 90.2
60 000 186 173 192 170 191 221 250 261

J

245 213 44.8 100.5 / 93.5 103.8

113.5

9i.9 103.2

70 000 209 193 210 191 215 224 252 262 250 216 52.2 1113.0 104.3 103.2 116.2
80 000 231 213 228 236 225 256 265 253 59.7 124.9 115.1 123.2 127.6
90 000 233 247 259 267 67.2 125.9 133.5

100 000 252 261 74.6 136.2
110 000 271 262 82.1

1 146.5
120 000 289 267 89.6 1 156.2

1

1

1955: 83 000 235 I

331
1

245 61.9 127.0
1956:143 000

263

273

1

106.7 1 8.
1957: 98 000 1

1

;

272 73.1 142.2
1958: 80 000 I 212 253 59.7 11 .6
1959: 85 000 246 __ .-w 254 63.4

1 133.0

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER 'MUNI STATION GT. NORM MAD NO 11CA 9 CATCHMENT AREA 173 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 134 000 ACRE FEET, OR 185 CUSECS.
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER taurtnit STATION IGAWA NO 1KA 11 CATCH M ENT AREA 619 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETiC 1940 / 41 - 54/55) 357 000 ACRE FEET, OR 494 CUSECS.

R ESE RVOI R CAPACITIES REQUIR ED TO KEEP A REGULATE D FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

-%

R EG U LAT E D FLOW,

ACREFEET 1955 1956 11957 1958
1

1959 1955 1956 1957 1958 1959 1955 1556 1957 1958 1959

o 68 105 115 , 110 131 0 0 0 0 0 0 13.7 21.2 23.2 22.2 26.5
5 000 133 185 179 169 190 69 76 78 93i 91 1.4 26.9 37.4 36.2 34.2 38.4

10 000 168 212 208 194 214 76 93 98 107 121 2.8 34.0 42.9 42.1 39.2 43.3

15 000 199 237 232 215 234 95 105 113 133 139 4.2 40.3 47.9

53.2
46,9 435 47.3

20 000 222 263 253 232 253 102 126 128 154 144 5.6 44.9 51.2
58.3
64.7
76.1

86.2

46.9 51.2
57.730 000 274 294 288 264 285 116 168 152 171 169 8.4 55.4

61.1
59.5 53.4

3i63.540 000 302 323

317

320 292 314 152 183 167 183 181 11.2 65-a

76.360 000 363 376 344- 366 164

169

191 194 223 201 16.8 73.5 69.6 74.1

80 000 423 424 426 387 415 216

221

203 241 209 22.4
28.0

85.6 85.8 78.3
86.6

84.0
100 000 477 471 473 428 463 191 247 248 215 96.5 95.3

104.2
111.9 ,

95.7

120 000 515
553

514
553

227
242

251
257

11.6 104.0
111.9140 000 39.2

160 000 596 248 44.8 120.6

-

1965:102 000 482
1

191 28.6 97.5

1956:196 000 670 253 54.9 135.6

1957 :146 7oo 257 41.1 114.7
1958:112 600 454 250

1

31.5 9 1.9

1959: 111 000
1

485
,

216 31.1 98.8
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER EIALAIIDIS STATION IYAYI NO in 12 CATCHMENT AREA 302 SQ MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/59) 76 000 ACRE FEET, OR 105 CUSECS.

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

LENGTH OF TAPPING PERIOD

IN DAYS.
CUSECS.

PERCENTAGES OF AVERAGES

STORAGE I REGULATED FLOW 5-ro,
CAPACITY, 1

ACREFEET 1955 1956 1957 i 1958 1959 1955 1956 1957 1 1958 1959 c i/0 I 1955 1556 1957 1 1958 1959

0 0.4 1 I 3 8 o o o o 1 o o 0.4 0.9 2.8 7.6
5 000 22 23 28 30 196 167 208 1 173 6.5 20.9 21.9 26.6 28.5

10 000 34 36 40 43 216 189 224 204 13.1 32.4 34.3 38.1 40.9
15 000 45 49 51 56 223 205 238 208 19.7 42.8

54.3

46.6 48.5 53.3
20 000 57 62 61 67 232 212 256 225 26.3 59.0 58.1 63.8
25 000 68 74 71 78 241 216

221

261 229 32.9 64.7
74.3
83.8

70.4
80.9

67.6 74.3
30 000 78 85 80 89 244 275

j
238 39.4 76.2 84.7

35 000 88 89 246 276 46.0 84.7
40 000 98 98 246 280 52.6 93.3 93.3
45 000 109 107 247 282 _ 59.2 101.9
50 000 119 250 65.8 113.3
55 coo 130 251 72.3 123.8
60 000 139 253 78.9 132.4

I

I-

;

1955:
1

1956: 65 500 150 264 86.1
1957: 34 600

I

94 t 258
1 45.5 89.5

1958: 51 600 I 119 288 67.9 113.3
1959: 35 900 102 244 47.2 97.1
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
NO IKA 3.5 CATCHMENT AREA 404 SQ. MILES.RIVER NDEL-13ERA STATION ILONGO

95AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 000 ACRE FEET, OR 131 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW,

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 e/c j
1955 1556 1957 1958 I 1959

0 4 4 2 5 0 i 0 0 0 0 0 3.0 3.0 1.5 3.8

5 000 26 - 24 25

40

145 - 170 177 5.3 i
19.8 - 18.3!19.1

10 000 42 44 38 169 175 192 185 10.5 32.0 33.6 29.0 30.5

20 000 68 71 63 66

92

203 193 205 195 21.0 51.9 54.2

74.0

48.1 50.4

30 000 93 97 88 212 202 214 202 31.6 71.0 67.1 70.2

87.840 000 117 117

138

115 219 245 243 42.1
52.6

89.3

105.31
122.1

89.3

105.3

120.6

135.1

50 000 138 228 249

60 000 160

181

158 245 254 63.1

70 000 177 246 I 262 73.7 138.1

1955:
1

1956: 79 500 202 248 I 83.7

1957: 75 800 188 261 79.8

154.21

143.5

1958: 38 300

1

107

1

216 40.3 81.6

1959: 44 500 125

I

243 46.8 95.4
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TIBLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER ....... . ..... STATION TOSAMAGANWL NO "KA. 20 CATCHMENT AREA 1 273 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/05) 439 000 ACRE FEET, OR 607 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW,

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 r/o 1955 1 g 56 1957 1958 1959

0 159 117 117 159 0 0 0 0 0 o 26.2 19.2 19.2 26.2

20 000 308 289 301 341 115 99 85 117 4.5 50.7 47.6 49.6 56.1

40 000 392 385 395 417 126 110 136 147 9.1 64.5 63.4 65.0 68.7

79.0_ 60 000 454 459 464 480 169 175 176 171 13.6 74.8 75.6 76.4

8o 000 509 515 521 1_ 193 18.2 83.8 84.8 85.8

loo 000 565 565 570 191 208 207 22.7 93.1
101.6

93.1 93.9

101.6120 000 617 611 617 198 222 224 27.3 i 100.6

140 000 661 656 208 224 31.9 i 108.9 /08.0
160 000 708 698 219 237 36.4 116.6 115.0
180 000 754 223 41.0 124.2

-

1955:

1956:193 500 783 E 236 44.0 129.0
1957:187 000 753 42.6 124.0
1958:148 000 672 240 33.7 110.7

1959; 82 400 537 222 18.7 88.4



REMARKS
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TALE XXI

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE RUAIIA STATION IEILTU

. NO 1/CA 21 CATCHMENT AREA. .957 SQ. MILES.
AVERAGE YEARLY RUNOFF (SYNTHETIC 1940 / 41 - 54/55). 394 000 ACRE FEET, OR... 54.5. CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

rir

REGULATED FLOW. re

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959

O 145 145 129 0 0 O o O O 26.6 26.6 23.6
20 000 318 302

390

285 94 I100 122 5,0 58.3 55.4

71,5

i

1

33.9

65.840 000 413 359 120 127 150 10,1 757
60 000 488 456 419 181 180 187 15.2 89.5

97.8
106.8
114.8

83.6

93.5
76.9

80 000 532 510 202 194 20.3
100 000 582 560 223 210 25.4 102.7

120 000 626 229 30.4 '

i

.. 1

. I

I

1955:
1

1956:

32.71957:128 800

1958:126 000
643 23 I 118.0

112.1611 25 31.9

20.81959: 82 000 477 t.----t--_ 198 87.5
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER . . . _ . STATION INTITU BRIDGE NO in 22 CATCHMENT AREA 172 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940 / 41 - 54/55) 82 000 ACRE FEET, OR 113 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW,

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 c-/o 1955 1S56 1957 1958 1959

0 50 50 40 0 0 0 0 0 0 44.2 44.2 35.4

2500 80 72 68 90 78 96 3.0 70.8 63.7 60.1

5 000 92 87 78 110 102 149 6,1
f

81.4 77.0 69.0

7 500 103 98 85 129 146 1 198 9.1 91.1 86.7 75.2

lo 000 in 106 92 224 182 200 12.2 t 98.2 93.8 81.4
12 500 116 113 98 235 199 204 15.2 102.6 100.0 86.7

15 000 121 119 24o 207 18.3 107.0 105.3
17 500 125 224 1 21.3

t

110.6
20 000 131 237 24.4 115.9

-

1

1

1

1955:

1956:

I 113.2
1 117.7

1957: 18 400 128 245 22.4

1958: 21 300 133 237 25.9

1959: 14 500 103 204 17.7 1

,
91.1



304

TABLE XXI

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER GMAT RUAHA STATION MKGPULE NO 11CA 27 CATCHMENT AREA 7 7o0 SQ. MILES.
AVERAGE YEARLY RUNOFF (SYNTHETC 1940 / 41 54/55) 1 346 000 ACRE FEET, OR .1 862 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS Records.from the last part of 1959 were not received in time and analyses from this year is therefore not Included in this

tabulation

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

1955: 1

:

i

_ ..

1956:
1

1 1

!

1957 : 920 000 2 320
i

264 68.4 ____ 124.6
1958 : 660 000 I 1 786 268 49.0

1

1959:
!

!

I

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

Jo

REGULATED FLOW, %

ACREFEST 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1556 1957 1958 1959

o 108 90 o o o 0 , 0 o 5.8 4.8
100 000 547 515 166 179 7.4 29.4 27.7

200 000 825 781 195 201 14.9 44.3 41.9
300 000 1 069 1 020 213 217 22.3 574 54.8

400 000 1 294 1 269 230 233 29.7 69.5 68.2

500 000 1 510 1431 237 242 37.1 81.1 76.9

600 000 1 718 1 662 246 261 44.6 92.3 89.3

700 000 D. 920 253 52.0

59.4

103.1

800 000 2 116 261 113.6
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE HURL STATION laWANIZ... NO IL& 31 CATCHMENT AREA. 2005 SQ. MILES.
AVERAGE YEARLY RUNOFF (SYNTHETiC 1940/41 54 /55 ) 465..000.... ACRE FEET, OR 643 COSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE I REGULATED FLOW, %
CAPACITY,

ACREFEET 1955 1956 1957 1958 1959 1955 1956 I 1957 I 1958 1959 c-io 1955 1556 1957 1958
I

l 1959

0 136 109

334 , 278

0 0 0 0 0 0
..............

21.2 17.0

20 000 80 96 4.3 51.9 43.2

40 On0 4.11 367

504 435

121

187
128
170 i

8.6 67.3 571
60 000 12.9 78.4 67.7

80 000 555 491 210 187 ' 17.2 86.3 76.4
100 000

120 000

602 541 222 208 121.5 93.6 84.1

647 588 228 219 t 25.8 1 100.6

107.5

91.4
140 000 691 632 233 228 , 30.1 98.3
160 000 734 238 34.4 114.2

-

I

,

1

-

i

I

i

'
,

I
I

1955: 1

..............
1956:

1

1957: 178 000 770 243 1 38.3 119.8
1958: 156 000 670 ----. 13_ 33.5 i - 104.2
1959:

.

1

1



REMARKS

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE FOWL STATION $. 8. QI,VP NO liCA 32 CATCHMENT AREA 293 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 116 000 ACRE FEET, OR 161 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

c;t)

REGULATED FLOW, c,--0

ACREFEET 1955 1956 1957 1958 1959 1955 1956 I 1957 1958 1959 1955 1c56 1957 1958 1959

0 23 21 12 0 0 0 0 0 0 14$ 13.0 7.4

5 000 72 65 57 75 87 97 4.3 447 40.3 35.4

10 000 104 90 78 96 107 134 8.6
i

64.6 55.9 48.4

15 000 129 112 96 113 128 151 12.9 80.1 69.5 59.6

20 000 149 127 111 126 182 183 17.2 j
92.5 78.9 68.9

25 000 169 141 187 19_ 21.5 104.9 87.5

30 000 182 154 195 201 25.8 113.0

120.5

95.6

35 000 194 166 209 209 30.1 103.1 1

40 000 205 213 34.5 127.3

45 000
50000

-

1955: .
1956:

1957:47 000 221 223 40.5 137.2

1958:42 000 I 180 239 36.2
I

111.8

1959:25O

1

123 205 21.5
l
1 76.4



307

TAMIZ

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER .......PAPUA. .. STATION MUM RA NO ln 33 CATCHMENT AREA 707 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 147 000 ACRE FEET, OR 203 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 c-/o 1955 1S56 I 1957 1958 1959

0 15 16 0 0 0 0 0 o 7.4 7.9
lo 000 55 63 172 177 I 6.8 27.1 31.0

20 000 84 90 188 190 13.6 41.2 44.3
30 000 109 116 208 196 20.4 53.7 57.3.

40 000 133 142 211 208 27.2 65.5 70.0
50 000 157 165 221 220 34.0 I 77.3 81.3
60 000 180 186 226 225 40.8 88.7 91.6
70 000 203 210 233. 226 47.6 100.0 103.4
80 000 233 228 54.4 114.8
90 000 255 228 61.2 125.6

1955:

1956:
1957: 82 700 228 237 56.3 112.3
1958 : 97 500 271 228 66.3 133.5
1959:



REMARKS

TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE RUAHA STATION 'WAWA NO CATCHMENT AREA 645 SQ MILES.

AVERAGE YEARLY RUNOFF (SYt4THETiC 1940/41 - 54/55) 265 000 ACRE FEET. OR 367 CUSECS.

308

RESERVOIR CAPACITIES REQUIFIED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

19g5:
.-

. I

1956:
I

1957 :111 400 472 I 236 42.0 128.6
1958: 96 000 i 424 259

221

36.2 1

115.5

1959: 61 100
t

1

.--.- ----.
326 23.0 88.8

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

,c

REGULATED FLOW, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 i 19;8 1959 1955 1956 1957 2958 1 7959

o 71 61 51 o o o 0 19.3 16.6 13.9
10 000 150 89 3.7 40.8

20 000 222 211 198 111 115 121 7.5 60.5 57.5 53.9

30 000 235 140 11.3

81.7

64.0

40 000 300 289 269 144 161 167 15.1 78.7 r 73.3

80.450 000 295 184 18.8
96.4

110.1

94.060 000 354 345 201 1 188 22.6

80 000 404 391 220 I 244 30.2 106.5

100 000 445 227 37.7 121.2



TABLE M

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER KILOIEBERO STATION Ulna NO in 2 CATCHMENT AREA. 12 063. ....... SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 10 560 000 ACRE FEET, .

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS_

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

1

i REGULATED FLOW, 50
i

ACREFFST 1955 1956 1957 ' 1958 1959 1955
i

1956 1957 I 1958 1959 r. io 1955 I 1956 1957 1958 1959

0 3 290 4430
1

4 260 4 430 3010 0 O 0 1

0
i

0 0
.........--

22.5 1 30.3 29.2 30.3 20.6

250000 5500 6800 6300! - - 113 108 99 - I - 2.7 37.6 46.5 43.1 - -
530 000 6 500 7 700 7 400 ' 7 203 5 798 152 134 164 168

J

169 4.7 44.5 j 52.7 50.6 49.3 397
1 000 000 8 000 9 300 8 Soo 8 640 7 07o 176 163 187 190 220 9.5 54.7

1
63.6 60.2 59.1 48.4

1 500 000 9 40o 10 Soo lo loo 9 858 8 180 192 204 213 210 236 14.2 64.3 73.9 69.1 67.5 56.0
2 000 000 10 600 12 000 11 200 11 000 200 217 234 245 18.9 72.5 82.1 76.6 75.3
2 500 000 11 800 13 000 12 200 12 017 205 259 243 251 23.7 I80.7

j
89.0 83.5 82.2

3 030 000 13 000 13 900 13 200 13 009 210 264 249 t 257 28.4 89.0 95.1 90.3 89.0
3 500 000 14 106 14 Soo 14 loo 13 970 214 270 255 269 33.1 96.5 101.3 96.5 95.6

4 000 000 15 700 15 100 14 904 274 258 273 37.9 i 107.4 103.3 102.0
4 500 000 16 600 16 loo 15 825 277 264 276 42.6 113.6 110.2 108.3
5 000 000 17 400 17 000 282 269 47.3 119.1 116.3

6 000 000 19 200 i
288 56.8 131.4

7 000 goo 21 000 294 66.3 143.7

1955:3 650 000 14 500 ' 216 34.6 99.2

1956:7 200 000 21 300 294 68.2 145.8

1957:5 450 000 17 9001

856.16

272 51,6 122.5

1958:5 069 000 279 48.0 115.4

1959:1977 000
1

9 194 239 18.7 62.9



REMARKS
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER ICILOILBERO STATION Mina NO 1 4 CATCHMENT AREA 7048 SQ. MILES.

5AVERAGE YEARLY RUNOFF (SYNTHETiC 1940/41 - 54/55) 235 000 ACRE FEET, OR 7 244 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEET 1955 1956 1957 1958 1959 1955 196 I 1957 1958 1959 % 1955
t

1556 1957 1958 1959

0 2 430 3 230 2 760 1 2 760 2 470 0 0 0 0 ! 0 0 33.5 i 44.6 38.1 38.1 34.1

200 000 4 008 5 074 4 700 4

5

320

120

3 760 110 103 99 104 125

147

3.8 55.2 70.0 64.9 59.6 51.9

400 000 4 802 5 922 5 600 4 530 146 130 110 153 7.6 66.3 81.8 77.3 70.7 62.5

600 000 5 430 6 652 6 350 5 770 _5 no
5 580

183 157

166

151

158

160

178

204

I 219

11.5 75.0 j
82.4 f

91.8
100.4

87.7 79.7 70.4
800 000 5 970 7 270 6 950 6 380 188 15.3 95.9 88.1 77.0

1 000 000 6 500 7 811 7 500 6 850 6 020 194 186 214 211 227 19.1 873; 107.8
114 7

121.1

103.5 94.6 83.1
J. 200 000 8 309 7 950 7 350 209 228 215 22.9 109.7 101.5

1 400 000 8 776 222 26.7
1 600 000 9 225 226 30.6 I 127.3

I

1955: 1 102 000 6 760 ,

198 21.1 53.3
132.71956: 1 776 000 9 616 1

235
I 33.9

1957: 1 360 000 8 400 26.0 116.0
1958:1 275 000 7.500 216 24.4 103.5

1959: 1 040 000 i

I

6 228 19.9 84.6



TALLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITEOL,MERO STATiON NO 1103.5. CATCHMENT AREA. .395 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETiC 1940/41 - 54/55) 182 000 ACRE FEET, OR 252 CUSECS.

REMARKS

RESERVOIR CAPACMES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

I
PERCENTAGES OF AVERAGES

STORAGE ! REGULATED FLOW,
CAPACITY, '

%

AcREFEst 1955 1956 1957 1958 1959 1955 1956 1 1957 1 1958 1959 c-, o 1955 1 1S 56 1957 1958 1959

0 40 99 88 44 12 0 0 i 0 0 0 0 15.9;39.3 34.9j 17.5 4.8

39.320 000 110 172 175

215

152 99 179

200

194 226 146 209 11.0 43.7 68.3 69.4 60.3
40 000 164 219 207 225 233 204 22.0

1

65.1 86.9 85.3 82.1

- 60 000 214 263 258 256 205 233 216 216 33.0 84.9 104.4 102.4 101.6 1

80 000 263 305 299 205 251 274 44.0 104.4 121.0
- F..--i

110.7 ;

100 000 341 307 55.0 135.3

i148.4120 000 374

407

309

i

65.9

140 000 310 76.9 161.5

160 000 438 319
--

87.9 173.8 '

180 000 469 324 98.-9 186.1

_

- -

1955 '109 000 111
490

208 59.9'' 132.1
1956:193 000

I

......
326

i
106.1 194.4

1957: 83 200 305----1
316

256 45.7 121.0
1958: 89100 275

240

49.0 125.4
1959: 36 900

1 I

137 20.3 54.4



REMARKS
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER KIGOGO-RIJAHA STATION FRICKS BRIDGE NO 1,1q3 6_ CATCHMENT AREA 511 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETie 1940/41 - 54/55) 284 000 ACRE FEET, OR .393 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

'LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

c-,0

REGULATED FLOW, c,

ACREFEET 1955 1956 1957 ¡ 1958 1959 1955 1956 1957 1958 1959 1 1955 1c56 1957 1958 1959

o 81 82
I

93 0 0
r 010 0 0 20.6 20.9 23.7

10 000 --
205

172 197 i

_ 93 82 3.5 - 43.8 50.1
20 000 214 250 155 132 108 7.0 52.2

-
67.7

54.5 63.6

30 000 -
266

250 291 - 146 129 10.6 63.6 74.0
_

40 000 283 326 179 173

199

188

231

14.1 72.0 83.0
60 000

80 000

320 336 376 194 21.1 81.4 85.5

98.2

95.7

106.6371 386 419 205 207 242 28.2 94.4
106.6

118.3

100 000 419 460 217 251 35.2 1 117.0

120 000 465 221 42.3
140 000 510 234 49.3 129.8
160 000 552 239 56.3 140.5
180 000 595 243 63.4 151.4

200 000 635 251

i

70.4 161.6
220 000 -675 257 77.5 ' 171.8
240 000 711 322 84.5 180.9

260 000 742

773

324 91.5 188.8
280 000 327 98.6 196.7

300 000 804 328 105.6
1

204.6 i

1955 :
i

1956:342 000
---......

865 329 120.4 220.1
1957: 98 000 429 213 34.5 109.1 1

1958:123 000 505 259 43.3 1

I

128.5

1959:
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TABLE an

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER ThPANGA STATION Iff2A1GA NO 1/3 8 CATCHMENT AREA 937 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETiC 1940/41 - 54/55) 869 000 ACRE FEET, OR 1 202 CUSECS.

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOVV
DURING THE DRY SEASON,

. CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, 570

ACREFEET 1955 1956 1957 1958 1959 1955 1956 I 1957 1958 1959 eio 1955 1Ç56 1957 1958 1959

o 570 544 435 0 0 0 0 0 0 474453 36.2
25 000 783 786 714 97 98 i 128 2.9 j 65.1 65.4 59.4
50 000 896 892 800 128 149 182 5.8 74.5 74.2 66.6
75 000

100 000

978 968 863 203 166 i 217 8.6 81.4 80.5 71.8

1 046 1 040 920 215 179 232 11.5 87.0 86.5 76.5
125 000 1 107 1 110 226 184 14.3 92.1 92.3
150 000 1 162 1 165 235 256 17.3 96.7

f

19t5:
I

1956:.
I

1957: 175 000 1 210 I

1 215
248

1

20.7- 1100.7
1958: 175 000

1

I

964

269 20.1 101.1
1656 : 1,20 000 ' 234 13.8 I

I
80.2



314

TABLE ni

RUFUS BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER MERL STATION TAVETA NO 1E3 9.. CATCHMENT AREA 1 ,50 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 1 694 000 ACRE FEET, OR 2 344 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 ' 1959 cio 1955 1S56 1957 1958 1959

o 785 915 766 o 0 o o o o 33.5 39.0 32.7

50 000 1 228 1 339 1 224 105 104 1 136

156

3.0 52.4 57.1 52.2

100 000 3. 453 J. 537 J. 395 127 148 5.9 62.0 65.6 59.5

3.50 000 1 631 3. 703. J. 525 167 160 I 229

235

8.9 69.6 72.6 65.1

200 000 1 776 1 850 1 634 180 177

186

11.8 75.8 78.9 69.7

74.f-250 000 1 910 1 989 1 740 198 239 14.8 81.5 84.9

300 000 2 036 2 104 203 220 j 17.7 I 86.9 89.8

350 000 2 215 234 20.7 94.5

1955:

1956:

1957: 385 300 2 214 22.7
2316

94 5

99.01958 : 399 600 2 321 239

1959: 304 800 1 856 243 3.8.o 79.2
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER MEMI STATIoN 18/AttuaLutmu No 11CB 10 CATCHMENT AREA. 3 V4 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 2 257 0(20 ACRE FEET, OR 3 123 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

REGULATED FLOW, %

ACREFEST 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 ch 1955 1S 56 1957 1958 1959

0 1 134 1 134 826 0 0 0 0 1 0 0 36.3 36.3 26.4
100 000 1 996 1 814 1 510 109 125 I 132 4.4 63.9 58.1 48.4
200 000 2 415 2 174 1 860 134 154 163 8.8 77.3 69.6 59.5

_ 300 000 2 765 2 492 2 126 159 166 1 221 13.3 88.5 79.8 68.1
400 000 3 073 2 782 2 350 170 180 230 17.7 98.4 89.1 75.2
500 000 3 366 3 032 2 566 232 216 238 22.1 107.8 97.1 82.1

600 000 3 582 3 261 239 222 26.6 .14.7
1214

104.4

700 000 3 791 3 483 243 231 31.0 111.5

800 000 3 995 249 354 127.9

1955: 1

1956:
I 1

1957: 895 000 I 4 187I- 251 39.6 I 134.0

1958: 777 000 3 650 _H

i

233 34.4 I 116.9

1959: 550 000 - 2 672 I ; 241 24.3
i

85.5



REMARKS

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER 1.514-710 STATION ulna IC13- NO 11°3 and BC CATCH M ENT AREA 165 SQ. MILES.

0:71. 14.
AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41A - 54/55) 312 000 ACRE FEET. OR 432 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE; SUR FACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING TH E DRY SEASON,

CUSECS.

LENGTH OF TAPPI NG PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE REGULATED FLOW, %
CAPACITY,

ACREFEET
. ... . .

o

195$ 1956 1957 1958 1959 1955 1956 1957 i 19$8
.......

1959 t-ic 1955 1S56 1957 1958 1959
!.......W.M.

85 113 101 70 0 0 0 0 0 0 19.7 26.li 23.4 16.2
10 000 179 189 175 123 102 165 152 174 3.2 41.4 43.7 40.5 , 28.5

20 000 221 218 205 151 135 183 190 229 6.4 51.2 50.5 47.5 35.0
30 000 257 245 230 i 166 195 201 9.6 59.5

66.7

56.7 53.2
40 000 288 270 251 169 201 209 12.8 62.5 58.1

50 000 309 295 269 222 205 214 16.0 71.5 68.3 62'3
60 000 331 320 287 244 214 1 283 _19.2 76.6 74,1

19.4

84.3

66.4

70 000 343 304

321

L223_
259 238

1

289 22.4 i 70.4

80 000 371 364 297 25.6 85.9 74.3

90 000 385 137

353 264

240

I

301

301

_1(11

28.8 89.1 78.0

100 000 410 i 32.1 94.9 81.7

110 -000 368 35.3 85.2 1

1955:
.........

37.3 101.91956: 116 400
-i.1-.40

1957: 103 400 I

......-
413 251 33.1 95.6 i

1958: 120 000
1

304 38.5 88.

1959: 26 500
1 i

165 289 8.5 38.2
visomaamiiiinmileneameMel
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TABLE XXI

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STO:RAGE CAPACITIES
RIVER KiLomBERo STATION Wino NO 1KB 17 CATCHMENT AREA 12 915 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940141 - 54 /55 ) 12 09.2.000 ACRE FEET, OR 15 348 COSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

REGULATED FLOW
DURING THE DRY SEASON,

CUSECS.

LENGTH OF TAPPING PERIOD

IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

/o

i REGULATED FLOW , %

ACREFEET 1955. 1956 1957 1958 1959 1955 [ 1956 1957 1958 1959 1955 1S56 1957 1 1958 1959

0 3 455 2 825 0 0 0 0 0 0 22.5 18.4

250000
_

5 544 4900 105 117 2.3 36.1 31.9

500 000 6 568 5 753 136 180 4.5 43.0 37.5

750 000 7 422 6 432 170 193 6.8 48.4 41.9

1 000 000 8 143 7 084 180 217 9.0 53.1 46.2

1 250 000 8809 - 197 - 11.3 57.4 -
1 500 000 9 438 8 170 206 1 234 13.5

,

61.5 53.2

1 750 000 lo 044 214 15.8 1 65.4
2 000 000 10 630 217 18.0 69.3

2 250 000 11 182 243 20.3 72.9
2 500 000 11 698 247 22.5 76.2

3 000 000 12 712 251 27.0 82.8

3 500 000 13 700 258 31.6
I

i 89.3

4 000 000 14 660 271 36.1 95.5
1

I

1955:

1956:

1957:

1958:4 500 000
I

15 590 275

238

40.6 101 6
1959:2 020 000 i 9 279 i 18.2 60.5
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER WPM ST A T I ON STIEGLERS GORGE NO 3 CATCHMENT AREA1.106. SQ. MILES.11C

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) 1895.9.._9.9.9___--ACRE FEET, OR 24 976 CUSECS.

6

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE SURFACE EVAPORATION t FROM t RESERVOIRS HAS NOT BEEN TAKEN INTOACCOUNT IN THESET COMPUTATION&

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

c-,io

REGULATED FLOOD, %

ACREFEET 1555 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959

0 94 000 252 000 106 000 119000 60000 0 o 0 0 o 0 376 1009 424 , 476 240

274 15-71 000 000 56 340 109 030 70 041 68 430 39 172

33 200

28 082

49 23 37 44 80 5.5 226 437 280

2 000 Ooo 47 846 91 799 57 210 58 050 65 32 42 54 90 11.1 192 367 229 232 133

1123 000 000 41 398 77 641 46 823 49 330 117 41 53 70 107 16.6 166 311 187 198

4 000 000 37 196 72 206 39 213 42 510 23 477 123 116 76 78 112 22.2 149 289 157 170 94

5 000 000 33 279 67 923 33 017 36 830 132 119 90 90 27.7 133 271 132 147

6 000 000 29 528 63 725 29 305 31 540 137 122 142 116 33.2 118 255 117 126

7 000 000 59 710 129 38.8 239

8 000 000 _55 811
52 027

131 44.3 224

9 000 000 134 49.9 208

10 000 000 48 300 137 554 193

11 000 000 44 665 140 60.9 179

12 000 000 41 102 144 66.5 165

1955: 6 600000 27 268 146.- 36.6 10 e .2
1956:12 500 WO 39 184 146 69.3 156.9
1957: 6 Boo oo 26 381

I
147 37.7 105.6

1958: 7 200 00 26 390 125 39.9 105.7
1959: 5 200 00 19 212 173 28.8 76.7
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LIME FIJAHA STATION IRMGA NO In 2 CATCHMENT AREA 1 127 SQ. MILES.

o4 614AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 44oo ACRE FEET, OR CUSECS.

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT SEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1455 j 1956 ; 1957 i 1958 1959 1955 1956 1957 ; 1958 I 1959 1955 ; 1956 I 1957 . 1958 1959

0 1 300 1
2 600 5 200 1 3 500 2 500 0 0 0 0 0 0 212 - 423 - 847 570 407

10 000 797

652

1 509 ! 2 823 2 489 1 468 26 84 : 8 ; 16 : 11 2.2 130 246 460 405 239

20 000 1 438 : 2 339 2 182 : 1 167 68 103 12 18
1

. 20 4.5 106

94

. 234 381 355 ; 190

30 o00 578 1 375 1 950 1 917 : 982 97 . 104 14 : 21 44 6.7 224 , 317 312 160

40 000 523 1 323 1 640 1 683 . 880 104

108

107 28 ' 22 59 9.0 I 85 : 215 ' 267 274 1 143

50 000 475 i 1 275 1 487 1 48p 802 108 39 27

47

' 67 11.2 77 242 241 : 131

60 000 1 225 .1316

:

1_111-_. 730
i 108 46 '

71 13.5 : 199 214 i 214 119

80 000 1 140 1 152 1111 ! 621 111 : 52 : 52 ' 123 18.0 ,
186 188 1 181 101

100 000 1050Ì 991 932 ; ; 116 123 ! 67 22.
i ---

171 161 152

120 000 971 910 820 127 134 1 95 1
27.0 . 158 ! 148 133

140 000 892 832 136 147 I
I 31.5 145 ! 135

I
,

:

,
I

.

,

.

;

,
. .

1955: 62 000 428 1 128

151

i 139 69.5

1956:168 000 798 ' 1 37.8 130.0

1957:158 000

I

760 1 151 35.6 123.8

1958:147 000
I 685 1

116 33.1
22.3

- 111.5
1959: 99 000

1

1 545 128

I

88.7
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER GMAT AMU STATION KIDATTI NO licA 3 CATCHMENT AREA. 30 905. SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55).---2.-36.6--0.00 -ACRE FEET, OR. 3.392. CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1555 1956 1957 1958 1959 1955 1956 I 1957 1958 1959 1955 1956 1957 i 1958 1959

o 14300 27500 35800 23 3oo 123 000 o 0 0 0 0 0 433 833 1 084 1 706

469

697

loo 000 7 812 19 340 20 950 15 488 113 858

977].

41 15 9 13 9 4.2 - 237 586 634 420

200000 6 941 16 744 16 235 14 044 ' 75 45 13

25

43.

45

16 8.4 210 507 492 1 425 296

300000 627]. 13 720 12 853 8o3.8 77 44 12.6 190 _ 416 389 243

400000 5 627 14 510 11 903

10490

111M 6 928 81 54 34 47 51 16.8 170 439 360 356 210

500 000 5 081 10 694 loo 38 48 21.0 154 318 324 _

600 000 4 589

4 114

13 430 9 325 9 642 5 226 105 106 112 49 73 253. 139 407 282 292

263

158

700 000 8 877 8 681 108 114 53 29.3 125 269

800 000 3 670 12 480 8 370 7 741 3 940 121 106 115 55 87 33.5 111 378 253 234 119

i 000 000 11 536 7 574 6 190 108 120 96 41.9 349 229 187

i 200 000 10 610 6 743 5 167 I in 124 99 50.3 321 204 156

i 400 000 9 708 5 940 114 127 58.7 294 180

1 600 000 8 880 5 094 128 132 67.1 269 154

i 800 000 8 137
i

132 I 75.4 246

2 000 000 7 346 138
1

83.8 222

2 200 000 6 625 143 92.2 201

1965: 874 000 3 360 125
1

36.6 101.8
1956 :2 280 000 6 340 145

i

1

1

95.6 192.0

1957:1 675 000 4 867 70.2 147.4

1958i 421 000 4 139 115 59.6 125.3
1959 ! 921 006 3 278 98 38.6 99.3
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER Gail' ICUAILk STATION Munn NO lICA 4 CATCHMENT AREA 28 711 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/89) 712 000 2 369ACRE FEET, OR CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EvApoRATION FRoM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPuTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

/o

REGULATED FLOOD,

ACREFEET 1q55 1956 1957 1 1958 1959 1955 1956 1957 1958 I 1959 1 1955 1956 1 1957 1958 1959

0 11 008 2856o 35 6551 21 1391 23 000 0 00001

0 I 465
--....

1 206
----

1 505 892 971

100 000 4 432 1

I

13 380'

1

,

58
1

, 38
1

- 5.8 187 -
200 000 3 707 14 0191 1Q944 8 047 79 45 lo 13 11.7 156 592 , 564 462 ' 340

300000 3 078 I 83 o - _ - 17.5 130 -- _ _
_.

359

_

400000 2 493
!

11 830 7 893 1
1

8 5151 5 359 901 36 47 63 23.3
I

105 499 1

i

333 226

500 000 1 994
!

I

107 - - - _ 29.2 84 - -
286

-
6000Q0 10402

9 391

6164E
5 881 i

6454i 3 890
,

4 9881 2 658
91 113 52 12

88

35.0 439 272 164

112800 000 105 116 98 46.7 396

356

248 211

1 000 000 8 430

--in-
I

5 023 !
4 206 ,

I

,
i 909'

i

, 107 120 100 58.4 212 165

1 200 000 121 126 70.1 317 178 I

I

1 400 cm 6 693 i 125 81.8 282
1 600 000 5 898 129 93.5 250

1

,

1

1

-1
,

-
I

1955: 553 400 1 747 !

1

111
1

i 32.3 73.7
1956:1 888 000 4 807

1

I

138 110.2 202 9
1957:1 355 000 3 628

i
i

1

1 130 79.1 153.1
1958:1 154 000 3 124 107 67.4 131.9 1

1959: 829 600 2 493 93 48.5 1 105.2
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TABLE XXII

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER GREAT PURA STATION ITTERA NO in 5 CATCHMENT AREA_..2.6_.25.4._SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55)-1 655 000 2 290ACRE FEET, OR CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

of/o

REGULATED FLOOD, %

ACREFEET 1S55 1956 1957 1958 1959 1955 1956 I 1957 1958 I 1959 1955 I 1956 1957 I 1958 1959

0 10 340 25 411 31 069 I 17 450 22 000 0 0 0 0 I 0 0 452
I

1 110 1 356 I 762 960

100 000 4 124 13 820 3.5 255 , 3.0 879 11 506 48 15 9 29 9 6.0 1 80 603 666 475 502

200 000 3 230 11 960 10 199 9 360 7 636 70 45 13 38

45

37 12.1 141. 522 445 409 333

300 000 2 559 10862 7 922 8 126 6 402 83 49 36
i

44 18.3. 112
, 474 346 355 280

400 000 3. 993. 10 265 7 273 1 030
6 048

5 410 94 90 111 49 64 24.2 87 1 448 318 , 307 236

500 000 9 706 6 821 4 647 93. 113 53 1
69 30.2 _ 424

401

298 264 203

600 000 9 183 6 378 5 295

4 744

3 962 101 13.6 90 77 36.3 279 231 173

700 000 8 687 5 945 i 3 335 104 118

120

93 85 42.3 379 260 207 145

800 000 8 194 5 519 4 210 105 97 ,8 358 241 184

900 000 7 732 5 107 3 699 L_____ 108 124 101 54.4 338 223 162

1 000 000 7 326
6 513

4 704
3 922

122 126 60.4 320 205

1 200 000 126 132 72.5 284 171

1 400 000 5723J 131 84.6 250

1 600 000 4 970 137 6 217

-...
1955: 470 300 1 616 106 28.4 70.6
1956:j 742 000 4 454

1_1
141 105.3 194.5

1957 :1 300 000 3 560
i

I

135 78.5 155.5

1958 :1 058 000 2 940 109 63.9 128.4
1959: 831 000 255S 97 50.2 113.4
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RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.
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TABLE XXII

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER CEILaLA STATION CIIIMALA NO "KA 7 CATCHMENT AREA 85 SQ MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55)_ 76 ON ACRE FEET, OR 105 CUSECS.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES
.._,.

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1 1958 1959 1955 . 1956 1957 1958
i
I 1959 1955 1956 1957 1958 1959

0 800 1 600 3 200 1 650 2 000

911

0 0 0 0 0 0762 , 1 524 3 048 . 619 1 905

5 000 184.1 322. 452 2831
1

71 20 21 19 5 6.5 175 307, 430 274 868

10 000 150 266 1 352 174 571 77 46 26 27
1

I 59

10 ;1.1

19.7

143 253 335 166

116 ;

544

15 000 118 212 : 266 122 ! 392 88 50 34
1

32 112 202 253 373

20 000 90 182 : 244
1

321 94 122 91 i 43 26.3 86 ' 173 232 1 306

25 000 162 198 ___, 281 128 E
95 68 32.9

....._.

154 188
, 268

30 000 142 E 173 dA 136 1 100 69

72

39.4 135 165 ! 232

35 000 125 148
! 208 143 111 46.0 119 141 1 198

40 000 126 1 180 117 98 2.6 120 1 171

45 000 156 104 59.2 , 148

1_,
1

:

1955: 21 300
1 97

28.0 80.0
1

1956: 36 000 121 1

----
144 I 47.3 115.2

1957: 41 500 120

1---E- 1

118 54.6 114.3I

1958: 20 400 97 26.8 I 78.1 1

1959! 47 600
1

143 104 62.6 1 136.2
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TABLE

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER MAT RUE& STATION elliN*RDCRIMAIÀ NO In 8 CATCHMENT AREA. 328 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54155 )-2A-9-9-2----------ACRE FEET, OR._ ...3. ........ -----CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY

%

REGULATED FLOOD, %

ACREFEET

0

1955

3 600

1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 1958 I 1959

5 300 7 200 7 500 20 000 0 0 0 0 0 o 0 1094 1
........-,

611 2 188
1 2 280 6 079

10 000 1 171 17 4.2 356

20 000 971 1 650 1 902 244]. 5 023 54 36 8 12 2 8.4 295 501 578 t 742 1 530

30 000 878

2 627

55 12.6 267 ,

40 000 788 1 385 1 286 i718 57 46 32 16 6 16.8 239 421 391 522 798
50 000 703

1 825

65

30
21.0 214

60 000 626 1 181 J. 096 1 190 65 83 85 23 25.2 190 359 333 362 555

70 000 548 66 29.4 166

80 000 490 1 073 979 890 1 496 104 104 88 56 32 33.6 149 326 297 270 455
90 000 441 105 37.8 134

100 000 977 866 730 1 217 106 93 83 41 42.0 297 263 222 370

1 042120 000 881 760 620 108 98 87 66 50.4
58.8

268 231 188 317
140 OCO 791 660 505 895

i

111 101 90 72 240 201 153 272

160 000 700 566 761 113 111 85 67.2 213 172 231

180 000 614 136 75.6 187

1955 : 107 600 358 loss 45.2 108.8

1956 : 197 700 545 139 83.0 165.6

1957 : 171 600 513 112 72.1 155.9

1958 : 147 400 --"---- 464 92 61.9 141.01
1195.11959 : 180 700 642

i 91 75.9
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER KILAI' II STATION ca. Nolen ROAD No liCA 9 CATCHMENT AREA 173 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) 134 000 ACRE FEET, OR 185 CUSECS.

REMAFiKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE: SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

c/o

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1958 1969 1955 1956 1957 1958 1959--.....
1955 1956 1 1957 1958 I 1959

o 151O : 3 960 2 340 ' 3 200 :8400 0 0 0 0 0 0 816 2 140 1 265

416

1 1 729 i 454].
10 000 770 1 348 770 1 238 1 403

940

18 36 32 13 6 7.5 416 728 669 1 758

20 000 676 1 223 698 922 58 43 81 20E].3 14.9 365 i 661 377 i
498i 508

30 000 590 1 1 107
I

637 690 759 62 43 82 23 33. 22.4 33.9 598 344f 373 1

410

40 000 510 : 986 576 503_
422

604 63 43 84 23 35 294 276 532 311 272 1 326
50 000 430 1 877 514 480 68 49 89 64 48 37.3 232 474 277 228H 259
60 000 363F 795 460 345 388

323

89 82 90 71 57 44.8 196 430 249

219

1 186 210

70 000 307 1 733 406 276 92 84 94 80 , 89 52.2 166 ' 396 149 175
80 000 I253 674 353 268 97 84

85
95

,

' _10_6____ 59.7 137 364 191 145

90 000 612 302 104 67.2 331 163
-

100 000 552
495

89

89
;

74.6 298
110 000

,
82.1 268

120 000 440 94 89.6 238

1955; 83 000 235 100 i 61.9 127.0
1956 : 143 000 331 103 106.7 178.9
1957 : 98 000

i

263 106

1

73.1 142.2
1958: 80 I212 59.7000 1

1

i.-----.
85

I
114.6

I

1959: 85 000
1

246
j

108 63.4 t 1133.0



REMARKS

326

TABLE XXII

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER 153ARAll STATION IGAWA NO 1KA 11 CATCHMENT AREA 619 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54 / 55 )____.357 000 -ACRE FEET, OR 494 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAX/MUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1S55 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 I 1956 1 1957 1958 1959
\

0 3 100 9 300 7 000 7 500 18 000 0 0 0 0 0 0 627 1 882 1 417 1 518

454

3 644

10 000 1 085 1 910 1 592

1 410

2 245

1 740

2 345 9 4 26 9 9 2.8 220 387 322 475

20 000 840 1.700 1 818 58 27 28

81 I 31
14 10

13

5.6 170 344 285 1 352 368

30 000 775 15540 1 240 1 435 1 377 82 19 8.4 157 1 312 251 290 279

40 000 730
640

1 470
1 350

1 112

i 997

1 172
834

1 125
856

109 81 84 20 14 11.2 148 f 297 225 1 237 228

60 000 121 83 90 35 47 16.8 i i 273 202 169 173

80 000 560 1 230 886 647 667 131 84 92 67 60 22.4 113 249 179 131 135

100 000 1 120 784 522 540 97 101 86 107 28.0 227 159 106 109

120 000 1 020 687 104 107 33.6
1

206 139

140 000 920 595 107 112 39.2 186 120

160 000 830 112 44.8
1

168

102 000 482281955: .6158
I 975

1956: 196 000 670 119

I

t
54.9 135.6

1957:

1

146 700 567
1

125
I

41.1 114.7
1958: 112 600 454

1

130
f

31.5 91.9 1

1959; 111 000- 488 I I I 112 31.1 1 98.8
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER Ruin D/s STATION ad.= No ...$Q.CATCHMENT AREA 302 MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55 )._ ACRE FEET, OR 105000 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORCAGECAPAITY,
io

REGULATED FLOOD, 5;3

ACREFEET

0

1i55 I 1956 1957 I 1958 1959 1955 1956 ' 1957 1958 ! 1959 1955 ! 1956 i 1957 1958 1959

3 300 2 000 I 1 900 4 900 0 0 0

1

0

11

0 0 3 143 . 1 905 1 809 4 667

5000 937 264 . 907 737 6 76 8 892. 251 864 702

n 000 565 233. , 696
1

I -
478 lo

.

1

80
1

12 14

2:6.5371 ' --

: 538 i 220 663

500 :

455

15 000 432 200 525 317 79 83 i 16 18
I

, 411

381

350

i

190

162 , 385

302

20820 000 400 170 404 218 E 79 1 86j 27 56 !

25 000 168

339 I

in
116

316

240

175_ 85 ; 95 29 ; 67 32.9 134 301 167

13330000 i 140 1 86 i 103 Y 63 ' 72 39.4 323 no 228

19235000 310 : 202 ; 86 ! , 97 ! 46.0 295

267

240

1

40 Goo 280 i 176 i ! 86
! 98 !

52.6 ; ! 168

45000 252i j 151 9/ : 102 59.2 144 r

I50000 224 ' 95 .
! 65.8 213

!

55 000 198 ! 99 !
, !
. ! 72.3 188

60000 174. _ 110
,

. 7119 , 166 i
i

, ,

:

,

,

,

,
!

,

,

1955 : 1

1

1

1936: 65 500 150 , --I--117I
106

!

86.1 142.8

1957: 34 600 94
,

102

1 45.5 89.5

1958: 51 600 119 103 67.9 113.3

1959 : 35 900 83 47.2 I 97.1



STORAGE
CAPACITY.
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TABLE ail

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER NO._.11CA. 15 CATCHMENT AREA 4°4 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 95 000 ACRE FEET, oR____/31 tusEcs.

MAXIMUM FLOOD REDUCED TO, LENGTH OF FILLING PERIOD

232

182

141

1959 1955

345

292

506 0

PERCENTAGES OF AVERAGES

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

1955: i

_

1956: 79 500 202 1 131 83.7 154.2
1957 75 800 188

,

1 ,

, 131 79.8 143.5

1958; 38 300 107 103 40.3 81.6

1959 : 44 5oo

I

125 140 46.8 95.4

ACREFEET 1955 1956 I 1957
1

1958

o 948 5 530
1

594

5 000 634 393

10 000 568 2450 298

20 000 474 1 215 206

30 000 415 571 150

40 000 368 406

50 000 322 28I
60 000 280 253

70 000 240 211

STORAGE
CAPACITY,

cf
/0

REGULATED FLOOD, %

1955 1956 1957 ' 1958 1959

o 724 4 221 453 386

5.3 484 300 263

10.5 434 1 1 87o 227 223

21.0 362 927 157 177

31.6 317 436 115 139

42.1 281 310 108

52.6 246 227

63.1 214 193

73.7 183 161

1956 1957 1958 I1959

0 0 0 0

33 ; 24 1 46

47 4 29 52

69 5 85 99

98 1
23 95 , 104

110 36 138

117 100

122 118

127 126

IN DAYS.CUSECS.
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TAME XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
1 SQ.RIVER LITTLE Era STATION TOSX.LAGANGA No ln 20 CATCHMENT AREA 273 MILES.

6AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55)_439 00Q ACRE FEET, OR 07CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1S55 : 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955
1

1956 1957 1958 1959

o
I

i 3 500

1 603

5 500 3 400 1 goo 0 0 0

]Q.
0 o o 577 906 : 560 ! 313

20 000 I 2 570 2 179

1 696

968

748

. 53 19

22

30

42 4.5 264 423 : 359 159
40000 1 1 473 j. 758

1 443

83 30 62 9.1 243 290 279 123

60000 1 321 D. 295 630 85 36 ! 106 13.6 ' 218
II

238 213 104

80 000 1 1 246 1 256 1 077 -- 108 58 55 18.2 ! 205
,

j 207 177

100 000 1 155 1 090 913 113 64 87 22.7 j

190 ! 180 150

120 000 1 066 992. 803. 115 126 95 27.3 176 163 132
140 000 I 982 912

837

126 132 31.9 ! 162 150

160 000 I 904 132 139 36.4 ! 149 138
. _

180 000 828 134 41.0 136
..

i .

1955:

1956:193 500 783 146 44.o 129.0
1957:187 000 753 5 42.6 124.0

1958:-.14.8 000 7-672 113

--------
33.7

I
110.7

1959. 82 400
-----

140 18.7 1 88.4
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE EUAHA STATION IHIMBU NO_ In 21 CATCHMENT AREA_217 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 394 000 ACRE FEET, OR 545 -CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION. FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS..

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

r
Jo

REGULATED FLOOD, %

ACIZEFEET

0

1455 1956 I 1957 1958 1959 1955 1956 1957 ! 1958 1
1959 1955 1956 j 1957 1958 . 1959

I

3 000 ! 4 000 0 0 . 0
1

. 0 0 0 550 734

20 000 , 1 381 ! 1 753
1 119 ! 1 289 i

864 !

t 27 I 3.9 44 5.0 253 , 322 158

40 000 687 ! 42 26 68 10.1 205 . 236 126

60 000 913 ! 1 013 ! 565
1 57 52 121 15.2 167 186 ' 104

80 000 809 837
!

1 125 89 20.3 148 153
100 000 734 728 ! 149 100 25.4 135 133

120 000
i

668 158 30.4 122

!

,

.

!

!

1

j

j

!

1955:
1956:

1957 : 12 8MO 643 163 32.7 118.0

1958 : 126 000 611

477

--.-- 122 31.9 112.1

f959: 82 000 333. 20.8 87.5



ISTORAGE

MAXIMUM FLOOD REDUCED TO,
CAPACITY. CUSECS.
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER Intl STATION 1,ITITU BRIDGE No 1KA 22 CATCHMENT AREA 172 SQ. MILES.

AVERAGE YEARLY FiUNOFF (SYNTHETIC 1940/41 - 54/55) 82 000 ACRE FEET, OR 113
CUSECS.

LENGTH OF FILLING PERIOD
STORAGE
CAPACITY,

O

3.0
6.1

9.1
12.2
15.2
18.3

21.3
24.4

PERCENTAGES OF AVERAGES

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM 'RESERVOIRS HAS NoT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

1955:

1

11956:

_____,i

117.7 I

1--1957 : 18 400 128 149 . I
22.4 113.2

1958: 21 300 133 96 25.9
1959 : 14 500

:

i 1c;
I

151 17.7
I ¿91.1

IN DAYS.

ACREFEET 1555 1956 1957 1 1958 1959 1965 1956 1957 1958 1959
41171

o ! 900 300 0

2 500 244 398 169- 32 11 j 40

5 000 ! 206 38 18 95298 1 146

7 500 179 225 ; 132 49 22 96
1

10 000 159 200_ 120 57 62 119

12 500 148 179 110 118 86 137

15 000 138 165 121 89

17 500 151 91

20 006 137 94

REGULATED FLOOD, %

1955 1956 1957 1958 ' 1959

796 265

216 ; 352 150

182 264 I 129

158 199 117

141

131

; 177 !

158

106

97
122 146

; 134

' 121
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER GREAT RUMP, STATION =Una NO. 11CL 27 CATCHMENT AREA___1190.SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55 )____L3.4.5..._99.9_______ACRE FEET. OR 1 862 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGECITYCAPA,
etio

REGULATED FLOOD,

ACREFEET 1555 1956 1957 1958 1959 1955 1 1956 1957 1958 1959 1955

------
I1956 1957 1958 1959

o 10 900 11 380 0 0 0 0 0 0 585:611
100 000 7 859 7 932 29 23 7.4 422 426

200 000 63.34 5 838 35 30 14.9 340 314

300 000 5 083 4 498 99 47 22.3 .
273 242 !

400 000 4 583 3556 104 60 29.7 246 191 1

500 000 4 108 278]. 108 1 37.1

44.6

221 149

600 000 3 649

3 207

2 138 112 90 196 115

700 000 117 52.0 : 172

800 000 2 786 122 4 i 150
i

I

I

I

I

I

1956: I

11955:

1957 t 920 000 2 320
1

125 I 68.4 124.G
1958 : 660 000 1 786

I

99 49.0 95.9i

1959:
ISNIMIANISSWINIS

I

I
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TABLE XXII

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LITTLE ELM STATION WOTAN= Na ln 31 CATCHMENT AREA 2 00, SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 541/55).-- 465 000 ACRE FEET, OR 643 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS Records from the last part of 1959 were not received in time and analyses from this year is therefore not included in this

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

ASTORPACITY

AGEC,
%

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 I 1959 1955 1 1956 1 1957 1958 1959

0 574O 5 530 0 0 0 0 0 0
,--.......
i

891 860!
1

395 36220 000 2 542 2 110 11 15___

21

46

51

4.3 __

140 000 _1_747
1 388

1781

1 376

17 8.6 272 277

60 000 44

110

12.9 216 214

80 000 1 181 i'61 17.2 184 181

100 000 1 091 966 110 69 21.5 170 150

120 000 1 001 825 115 81 25.8 156 128

140 000 915 ! 744 121 110 30.1 I 142 116

160 000 834 129 34.4 130 ,

I

1955:

1956:

1957 : 178 000
.......

770 1
145 38.3 119.8

:1958660 000 670 1........ -la. 11.5 104.21

1 ----1959:
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
.RIVER_ LITTLE MARL STATION S. H. CLUB NO. nck 32 CATCHMENT AREA 293 SQ MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940 / 41 - 54/55 ) 116 000 ACRE FEET. OR 161 CUSECS.

REMARKS_

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

CAPACITYSTORAGE,

.0

REGULATED FLOOD, %

ACREFEET 1c55 j 1956
1

1957 1 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959

; 650 480 0 o o o o o 404 298

5 000 444 444 270 28 30 22 4.3 276 276 168

10 000 I 381 372 207 46 52 65 8.6 237 231 129

15 000 334 326 171 62 57 80 12.9 207 202 , 106

20 000 313 284
1

145 126 65 110 17.2 194 176 90

25 000 291 252 136 98 21.5 181 157

30 000 i

274 228 i 142 111 25.8 170 142

35 000 255 207, , 160 125 30.1 158 - 129

40 000
1

/ 240 168 34.5_ 149

45 000

50 000

i

i

1955:
I

1956:

11148

1957 :47 000 221. 175 40.5 i 137.2

1958:42 000 80 I

123

139 36.2
1

1959:25 000 I 121 21.5
1 1

76.4
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER 1TDPA7MERA STATION ILLDIBIRA NO 1KA 33 CATCHMENT AREA ....... .....__SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) 147 000 ACRE FEET, GR. 203 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

e,ic

REGULATED FLOOD, %

ACREFEET 1S55 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959

o , 3 600 3 400 1 700

982

779

0 0 0 0 0 0 1 773 1 675 837

10 000 D. 834 1 287 5 22 24 6.8 903 634 484
20 000 1 1 015 1 113 8 28 ! 25 13.6 500 c 548 384

30 000 674 932 , 585 21 28 31 20.4 332 459 288

40 000 451 758 480

430

25 29 98 27.2 222 373 ! 236

50 000 376
323

610 89 35
73

100 34.0 185 ' 300 212
60 000 500 I 380 97 104 40.8 159 246 3:87

70 000 278 434 331 127 77 106 47.6 137 214 163
80000 i

371! 285 84 135 54.4 183 140
90 000 314 89 61.2 155

i

_

1955:
I

1955;
I

1957 : 82 700 I 228 I 129 _5_._3 112.3
1958: 97 500

1

! 271 1 91 66.3
I 133.5

1959:
I

I

I
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TABU' XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LIPTLE STATION_ TuswA NO__14...39_ CATCHMENT AREA_45__ SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) 263 000 ACRE FEET. OR-34-7.-----CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

.o

REGULATED FLOOD, %

ACREFEET 1S55 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957
A 1958 1959

0 2 100 1 700 0 0 0 0 0 0 572 463

10 000 912 16 3.7 248

20 000 1 067 1 114 652 i

I

28 25 25 7.5 291 303 178

30 000 515 57 11.3 140

40 000 817 804 432

I

53 47 72 15.1 223 219 118

50 000 370 91 18.8 101

60 000 657 619 125 61 22.6 179 169

I

80 000 i 578 497 133 104 30.2 157 135

100 000 5c9 147 37.7 139

_

11996565 :
1

I 472

I

I

I 128.6
115.5

1957:111 400
1

424

3.50 42.0
1958: 96 000

I

326

123 36.2 I

1959 : 61 100 I

1

I 136 23.0 I I 88.8



TABLE xxii

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER KILOMBERO STATION Inn at NO 2 CATCHMENT AREA...1.2.00 _SQ. MILES.

0AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 __ 54/55)10 56000 ACRE FEET, OR 14 612 CUSECS-

110

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS
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NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 I 1957 I 1958 1959

0 63 000 90 000 98 000 74 000 28 000 0 0 0 0 0 0 431 616 671 506 192

123500 000 44 100 _ - 56 o0Q 17 966 27 - 27 65 4.7 302 - - 388

i 000 000 36 600 - - 49 730 14 307 41 - - 50 74 9.5 250 - - 340

307

98

1 500 000 31 000 - 54 800 44 802 11 326 49 - 30 53 93 14.2 212 - 375 78

2 000 000 26 300 51 700 48 800 40 170 55 45 43 56 18.9 180 354 334 275
2 500 000 22 100 46 400 43 100 35 862 62 60 47 61 23.7 151 318 295 245
3 000 000 18 400 42 loo 38 000 31 798 76 64 53. 63 28.4 126 288

264

260 218

3 500 000 15 200 38 500 33 loo 27 843 85 66 54 65 33.1 104 227 191

4 000 000 35 300 28 600 24 057 71 57 69 37.9 242 196 165
4 500 000 32 700 24 400 20 502 112 62 74 42.6 224 167 140

5 000 000 30 500 20 500 115

122

68 47.3 209 140
6 000 000 26 100 56.8 179

7 000 000 22 000 112 66.3 151

1955:3 650 000 14 500 89 I 34.6 ..
1956 :7 200 000 21 300 133 68.2 145.8
1957:5 450 000 17 900 77 51.6 122.
1958: 069 000 16 856

9 194
87 48.0 115.4

62.91959:1 977 006 126 18.7
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TABLE xxii

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STO/RAGE CAPACITIES
RIVER KitomBERO sTATIoN NO...... 4 CATCHMENT AREA. 7 048 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) 5_ 235_000 ACRE FEET, OR ..1.244 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS,

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955

262

1956

400

1957 1 1958.-----...
359 1 331

1959

2480 19 000 29 000 26 000 24 000 18 000 0 0 0 0 0

68

0

200 000 12 870 16 165 15 700 14 700 10 500 27 39 33 53 3.8 178 223 217 203 145

400 000 10 048 15 135 13 500 12 950 9 050 84 116 56 62 75 7.6 138 209 186 179 125

600 000 8 944 14 268 11 900 11 300 7 86o 111 117 64 65 120 11 123 197 164 156 109

800 000 8 050 13 412 10 600 9 900 7 050 114

128

119 117 72 127 15.3 111 185 146 137 97

1 000 000 7 16o 12 570

11 761

9 700

8 900

8 7oo

7 800

6 250 121 123 105 138 19.1 99 174 134 120 86

I. 200 000 132 132 118 22.9 162 123 108

1 400 000 11 003 134 26.7 152

1 600 000 10 256 136 30.6 142

1955:1 102 000 6760 131 I 21.1 93.3
1956:1 776 000 9 616 142 33.9 132.7

1957:1 360 000 8 400 140 26.0 116.0

1958:1 275 000 7 500 123 24.4 103.5

1959:1 040 000 6 130 141 19.9 84.6



339

TABLE xxii

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER LIMO/MEMO STATION ILOTTGA NO in 5 CATCHMENT AREA 395 SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHET/C 1940/41 - 54/55) 282 000 ACRE FEET, OR 252 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPuTATIoNs.

STORAGE
CAPACITY.

MAXIMUM .FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

VI/0

REGULATED FLOOD,

ACREFEET 1955 1956 ' 1957 I 1958 1959 1955 I 1956 I 1957 1958 1959 1955 I

-------
1956 I 1957 1 1958 I 1959

1 746j 1 984 ' 1 349o 4 400 5 000 3 400 fi 0 0 1 0 0 0 0

20000 844 2 569 1 410 895 208 17 11 18 41 82 110 135- i1019 560: 355 83

40 000 587 1 727 860 656 94 14 22 44 22.0 233 685 341 260

60000 500 14Ö4 560 467 147 27
j 34 89 33.0 198 557 222 185

80 000 432 1 086 359 148 39 102 44.0 171 431 142
100 000 947 95

t

55.0 376

120000 841 96 65.9 334

10 000 740 99 76.9
I

294

160 000 638 104 87.9
98.9

253

216180000 545 114

.
.

i

1955: 109 000 313

La__
105

59.9
106.1

132.1
1 84.41956: 193 o00

1957, 83 200 3o5 45.7 121.0

1958: 89 100 316 108 49.0 125.41
1 54.41959: 36 900 137 147 20.3
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER.ia"3-RUARS STATION.FRICK3 BRIDGE NO 110 6 cATCHMENT AREA _5_11 .SQ. MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) 284 ACRE FEET, OR 393 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLow THROUGHOuT THE YEAR.

NOTE : SURFACE EvApoRATioN FRoM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET

O

1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959

- - 2 248 1 868 0 0 0 o

20

o o 572 475

10 000 _ 1070 1 435 i078 - 31 12 3.5 - 272 365 274

20 000 3 457 911 1 244 740 20 32 33 18 7.0 880 232 317 188

30 000 - 728 i104 640 - 37 40 68 10.6 - tasi 281 163

40 000 2 990 666 989

834

701

568 55 97 61 71 14.1 761 169 252 145

60 000 2 812 568 433- 58 no 68 81 21.1 716

678

145 212 110
80 000 2 664 492 64 139 99

108

28.2 125 178

153100 000 2 536 603 67 35.2 645

120 000 2 389 71 42.1 6o8
572140 000 2 248 72

__

49.3
160 000
180 000

2 108 72 56.1
63.4

536
5011 968 72

200 000 1 827 72 70.4 465
220 000 1 687 72 775 429
240000 1 547 73 84.5 394

260 000 1 408 73 91.5 358

280 000 127]. 74 98.6 323

300 000 1 136 75 105.6 289

1965:
1956: 342 000 865 75 120.4 220.1
1957: 98 000 429 148 34.5 109.1
1958:123 000 505 147 43.3 128.5
1959:
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TABLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER 1.--PaGA STATION 1.2)Alma. NO_ 8 CATCHMENT AREA _237_ MILES.

AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/5$)- 869 c)9°- ACRE FEET, OR 1 202 CUSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

c7o

REGULATED FLOOD, %

ACREFEET 1s55 1956 1957 i 1958 1959 1955 1956 1957 1958 1959 . 1955 1956 i 1957 1958 1959

0 5 300 1 5 800 3 600 0 0 0 00 0 441 483 300

25 000 ' 2 660 2 72o 1 425

1 24o

25 37 71 2.9 221 225 119

50 000 2 170 2 380 28 39 76 5.8 180 198103.
75 000 1 860 E

2 o7o . 1 110 56 41 144 8.6 154 172 F 92

100 000 1 630 1 790 ' 1 030 60 53 148 11.5 135 150 86

125 000 1 430 1 550 , 62 65 14.3 118 122_
115150 000 1 290 1 380 ,

157 74 17.3 107

i

,

-1955: '

1956:
1

1957: 175 000 1 210 158 20.1 100.7

1958: 175 000
i

I

1 215

964

106

1 1-1.74
20.1 101.1

1959: 120 000
,

I
13.8-- -J I

80.2
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TABLE XXII

RUELII BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER idninia STATION TAVEL% NO_ 1/3 9 CATCHMENT AREA 35.0 SQ.MILES._

54/55) 1 694 000 .ACRE FEET, OR - 2 344 CUSECS.AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/ 41

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1957 I 1958 1959

0 8 700 14 000 7 000 0 o o o o o 371 1 597 299

50 000 5 427 5 384 3 445

2 884

n 43 39 3.0 232 230 147

100 000 4 109 4 826 31 46 64 5.9
1

175 1 206 123

150 000 3 490 4 294 2 530 45 48 103. 8.9 145 1 183 108

200 000 2 978 3 784 2 288 53 53. 107 11.8

14.8

127 ; 161 98

250 000 2 758 3 299 2 059 123. 53 116 118 ! 141 88

300 000 2 990 P 904 122 80 17.7 109 I 124
350 000 2 595 85 20.7 111

1955:

1956:

1957: 385 300 2 214 129 22,7 94.5
1958: 399 600 2 321 111 23.6 99.0
1956: 304 800 1 856 150 18.0 79.2
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TABLE XXII

RUFIJI BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER =Ma STATION MAYAILTALMTGII NO in 1.° CATCHMENT AREA 3 294 SQ. MILES.

2 2AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 - 54/55) 57_000 -ACRE FEET, OR 3 123 CUSECS.

REMARKS

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

cf/o

REGULATED FLOOD, %

ACREFEET 1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 p-1956-1 1957 1958 1959

0 15 000 14 000 13 000 0 0 0

28

0 0 0 480 448 416

100 000 11 410 877]. 5 128 52 43. 4.4 365 281 , 164

200 000 9 714 7 811
i

4 198 30 54 72 8.8 311 250 134

300 000
1

8 418! 7 023 3 695 52 60 115 13.3 269 225 118

400 000 7 49j 190

6 645 ! 5 420

3 257 58 61 117 17.7 240 198 ! 104

500 000 2 838 62 64 123 22.1 213 173 91

600 000 5 8551
5 1211

4 587 66 90 26.6 187 347

700 000 4 040 73 95 31.0 164 129

800 000 I 4 563 ; 126 35.4 146
-

I

1

I

1

h 955 :

1956:

1957 : 895 000 4 187
I

130 39.6 134.0

1958 : 777 000 3 650 104 34.4 116.9
1959 : 550 000 2 672 151 24.3 85.5



TLBLE XXII

RUFIJI BASIN SURVEY HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER MEMO STATION.InKin AND KI13- NO 1E33 and 113CATCHM ENT AREA__ SQ. MILES.

AOKI.
AVERAGE YEARLY RUNOFF (SYNTHETIC 1940/41 54/55) -ACRE FEET, OR 43? CUSECS.31.2 000

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONs.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

STORAGE
CAPACITY,

%

REGULATED FLOOD, %

ACREFEET

0

1955 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 197 1958 1959

3 000 3 100 6 300 1 600 0 0 0 o 0 0 694. 718 1 458 370
10 000 1 388 1 318 3 500 250 15 25 3 119 3.2 321 305 810 58
20 000 1 155 1 126

964

1 270 190 30 28 40 126 6.4 267 261 294
30 000 996 1 150 33 39 41 9.6 231 223 266
40 000 851 856 1 030 40 50 43 12.8 197 198 238
50 000 728 760 920 46 56 46 16.0

I
169 176 213

60 000 683 682 815 94 66 50 19.2 158

-
158 189

70 000 - 609 725 73 57 22.4 141 168
80 000 587 544 650 119 82 57 25.6 136

-
126 150-

90 000 485 575 - 88 65 28.8 112 133
100 000 503 505 124 75

86

32.1 116
110 000 440 35.3 102

1955:

1956: 116 400 440 157 37.3 101.9
1957 : 103 400 413 106 33.1 99.6
1958: 120 000 383 38.5 88.7
1959: 26 500 - 165 136 8.5 38.2
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TABLE XXII

RUF.1.11 BASIN SURVEY - HYDROLOGICAL SECTION

REGULATION EFFECT OF VARIOUS STORAGE CAPACITIES
RIVER CUMBER° STATIÓN SWER° CATCHMENT AREA...22...915 SQ. MILES.

11AVERAGE YEARLY RUNOFF (SYNTHETIC 1940 / 41 - 54/ 55 ) 092000 ACRE FEET, OR 15 348 COSECS.

RESERVOIR CAPACITIES REQUIRED TO KEEP A REGULATED FLOW THROUGHOUT THE YEAR.

REMARKS

NOTE : SURFACE EVAPORATION FROM RESERVOIRS HAS NOT BEEN TAKEN INTO ACCOUNT IN THESE COMPUTATIONS.

STORAGE
CAPACITY.

MAXIMUM FLOOD REDUCED TO,
CUSECS.

LENGTH OF FILLING PERIOD
IN DAYS.

PERCENTAGES OF AVERAGES

A
STORCIGECAPATY,

io

,

REGULATED FLOOD, %

ACREFEET 1555 1956 1957 1958 1959 1955 1956 1957 1958 1959 1955 1956 1 1957 1958 1959

O

........
1

I 66 000 28 000 0 0 0 0 0 0 430 1 182

250 000 : 52 920 19 907 15 62 2.3 345 130

500 000 1 454Ç17956956 27 67

55 71

4.5 306 117

750 000 43 246 1 15 864 6.8 282 I 103

1 000 000 . 40 976 : 14 400 56 76 90 267 94

1 250 000 38 794 - 59 93 11.3 253 75

500 000 36 .675 11 564
i

60 13.5 239

2. 750 000 34 632 ,

I

t
63 15.8 226

2 000 000
!

i 32638!. 65 18.0 213

2 250 000 10 7_0_8_
66 20. 3 200

2 250 000 28 821 : 68 22.5 188

3 000 000 25 172 70 27.0 164

3 500 000 21 680 ' 75 31.6 141

4 000 000
!

: 18 458 ! 85 36.1 120

i

I

I

1

1955:

1956:

1957:

1958 : 4 500 00 15 590 93 40.6 101.6
1 q59 : 2 020 00r 9 279 126 18.2 1 60.5
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15. A HYDROLOGICAL EVALUATION ON RIVER REGULATION.

a.e INTRODUCTION

The Rufiji Basin has a large agricultural potential but comparatively
small areas only can be utilised before the rivers are controlled and the large
irrigable areas of good soil can be developed for cultivation. In this chapter an
attempt is made to give a hydrological evaluation on the regulation possibilities
and estimate to which degree the different rivers can be controlled by the means
investigated during period of survey.

The description is made very brief and it must be emphasised that many
problems will require further studies before all necessary details are known.

b. GREAT RUAHA RIVER

From tabulations in the previous chapter, it can be concluded that
comparatively high storage percentages are required for an effective control of the
head-water tributaries from the Kipengere Range. Reservoirs are proposed, see Vol.
III, on the Mbarali, the Kimani, and the Upper Great Ruaha Rivers. An effective
control of these rivers at the site of the dams can be achieved in an average year.
The Great Ruaha and the Kimani storage capacities can possibly, even if costly, be
enlarged to cover requirements in more wet years. If these storages were made
larger they could, in an average year, be manoeuvere4, within their capacity, in
agreement with runoff from downstream areas and thus contribute more to the regu-
lation of the inflow to the Usangu Plain.

Storage possibilities might be available for some degree of control of
the mailer rivers from the Poroto Mountains, and on the Chimala River, a study of
the 1:50,000 DOS Map indicates a storage possibility of around 76 000 acre feet
which is ample for the runoff. Besides this no detailed investigations were carried
out as regards reservoirs in this region.

In the Halali sub-catchment a small storage possibility (reconnaissance
survey only) is available for a control of the Ipwani-Ruaha Tributary and on the
Ndembera a reservoir is proposed at Ngalenge, which would control a little more
than half of this sub-catchments runoff to Madibira.

It will be seen that a number of the Upper Great Ruaha tributaries can
be fully or partly controlled which will make land on these rivers available for
cultivation, but for the whole family of rivers flowing into the Usangu Plains, the
known storage possibilities are not sufficient for a full water control. Floods
will be cut off on the regulated rivers and consequently reduced significantly for
the whole area, but there will still be flooding which has to be prevented by
additional means before the whole area can be fully utilised.

A special evaluation is carried out for the Usangu Plain as follows:

NOTATIONS.

A -- Catchment ArealsqeMiles.

Qm = Average annual runoff in the established 15 years normal
period 1940/41 to 1954/55, acre feet.

S -- Storage Capacity, acre feet.

Qm = Specific runoff, acre feet per sq.mile per year.
A

As regards names reference is Made to the Runoff Map.
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RUNOFF FROM ADJACENT HIGHER LAND INTO THE USANGU PLAINS.

A 2E.
A

PIZ

Ndembera to Madibira 208
1Halali to Majojolo

147 000
205 000 202

Area South of Gt.North Road from
Mbarali to Chimala, both rivers included. 1 362 873 000 641
Area South of Gt. Nbrth Road from Chimala
to Western boundary of Rufiji Basin,
Chimala exclusive. 362953
Area West of 3800toontour (1:125 000 map)
between New Mbeya Road and Northern boundary

345 000

of Makali River Catchment. 130 58 000 450

Total (assumed as being runoff from
higher country into Usangu Plains) 3 575 1 628 000 455

During an average year an effective storage oapacity of approximately
1 000 000 Acrefeet would be required for a oontrol of this inflow to the
Usangu Plains

The natural loss of water on Usangd Plains can be computed as the difference
between inflow and outflow plus the rainfall on the Plains itself.

Difference inflow-outflow: 282 000 acre feet equals 1.3 inches.

Rainfall on Usangu Plains (average) 23 inches or 5 057 000 acre feet.

Total loss of water in this area, 24.3 inches or 5 343 000 acre feet.

Runoff from the Usangu Plains Itself as far down as Hausmann's Bridge can
be computed as follows:-

Average specific runoff = 90 aorefeet per sq.mile per year.
Total runoff (4125 x 90) aorefeet 371-000 acrefeet or 1.7
inches. This gives a runoff coefficient of 0.073.

In the above mentioned partial areas, storages are proposed in 1, 2 and
3 of which 3 oarries the most water. Areas 4 and 5 would require storage and
beside this the runoff from the Plain itself must be considered.

Average runoff at Hausmann's Bridge
below the Utengule Swamp at outlet of
Usangu Plains. 7 700 1 346 000 175
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The area above the reservoir sites is 54.1% of the total area of higher
land bringing runoff to the Usangu Plain and the corresponding runoff percentage is
54.0. The average speoific runoff from the regulated area is, therefore, the same
as from the remaining part of higher country above Usangu Plain and the rate of
spate inflow can possibly be reduced to about half of what it is in an unregulated
state.

If the USangu Plains are going to be drained, the runoff at Hausmann's
Bridge will increase. This increase will depend upon the effectiveness of the new
drainage system and the maximum runoff to be expected in an average year after
drainage will be:-

(a. 628,000 4. 371 000) acre feet = 1 999 000 acre feet.

Compared with what is actunlly gauged at Hausmann's Bridge (1 346 000
acre feet) this means a. maximum increLlie of 653,000 acre feet. It is a possibility
that the runoff coefficient from the Plains itself will also slightly increase after
drainage but the change in outflow is mainly covered by lesser losses of the water
in transit. The drainage will never be as effective as assumed here and the runoff
can therefore be said to be between 1 346 000 and J. 999 000 acre feet.

The Little Ruaha Catchment has a great water retaining capacity. Floods
are comparatively low and the dry season flow high. Rivers of similar character
are the Upper Tributaries of the Kilombero River and to some extent the Ndembera
River. Small storage percentages are required for a control of such rivers and on
the Little Ruaha etorages are surVeyed at Malcalala and fringa, see Vol. III, 'which
can control the flow of this river.

On tributaries to the Great Ruaha from West, no storage
were carried out. This area is on a whole very dry and the rivers
They are flashy during rains and can reach considerable heights in
The Kisigo, the biggest of these tributaries, drains an area of 10
has a runoff of 276 000 acre feet at Kinunguru. This river would
capacity of around 200 000 acre feet for an effective control. It

the evaporation losses are oomparatively high in this region.

investigations
are intermittent.
flood spates.
206 sq.miles and
require a storage
is expected that

At Mtera.on the Great Rudha there is large storage possibilities. A

reservoir of 5 million acre feet was surveyed and it was thought that the -cower
potential was great if a dam could be built to its fullest possible height. How-
ever, great areas would be flooded and the evaporation loss so high that all inflow
would evaporate from the surface. A much smaller dam, therefore, is the only
possibility at this site. The regulation diagrams forAtera, Mbiwuni and Kidatu in

the previous dhapter will indioate to what extent storages are required for flOod,

Storages are proposed as follows:-

A Storage %

Area 1, Fdembera 404 80 000 95 000 84.2
Area 2, Ipwani 455 23 000 86 000 26.8
Area 3, Mbarali

Kimani
574
173

114
130

000
000

326
134

000
000

35.0
97.0

Great Ruaha 328 107 000 238 000 75.0

Total 1934 454 000 879 000 51.6
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control and regulated flow during the dry season in the Great Ruaha Valley down-
stream of Mtera. Water control is not a technical problem in this stretch of the
river, although it is unwise to store water where the losses are so high. If
there is no need for regulated water before the confluence with the Rufiji this
water can be more economically stored in the proposed Stiegleris Gorge reservoir.

o. KILOMBERO RIVER

The Kilombero catchment has a very high runoff. At the outlet of the
flood plains, at Swero, the annual average is 11 092 000 acre feet corresponding to
a speoific runoff of 859 acre feet per sq.mile per year. This water requires large
storage capacities for an effective control.

The geographical distribution of average annual runoff is illustrated
on the Runoff Map (see Map Polder). It will be seen that the runoff is highest in
the mountains north of the valley and that a maximum of more than 2000 acre feet
per square mile per year is reached on the mountain slopes between the Kihanzi and
the Sanje-Msolwa Rivers. There is also high runoff from the Mahenge Massif in the
south. The runoff contribution from the valley plains is smaller than from the
surrounding high hills and escarpments. The upper half of the Kilombero catchment
produces less runoff than the lower half. This is illustrated by the tollowiftg
figures:-

Station. Catchment Area Average Annual Specific Runoff
Square Miles. Runoff: Acrefeet. Acrefeet per sq.

mile per year.

At stations where five years of observations are available, the year
1958 produces a median regulation curve. This curve has therefore been assumed to
express storage requirements for various degrees of regulation in an average year,
and ten curves for the Kilombero catchment are shown graphically in page 374. To
facilitate an extended use of the curves they are expressed as percentages of
average runoff. It will be seen that the Upper Kilombero Tributaries, the Ruhuji,
the Mnyera and the Mpanga Rivers and all these three rivers gauged after their
confluences at Ifwema, require far lesser storage percentages for the same degree
of regulation than those tributaries joining further downstream. The whole partial
sub-oatchment between Ifwema and Swero requires oomparatively more storage for a
sufficient control than the *Upper Kilombero. This fact is very unfortunate because
a large proportion of the storage possibilities are to be located in the upper
tributaries.

If treated independently the major tributaries and partial sub-catchments
of the Kilombero will require the following storages to maintain the average flow
at points indicated, using the 1958 regulation curve as representative for an
average year. River names are shown on the Runoff Map.

Ifwema 7048 5 235 000 743
Difference
Swero-Ifwema 5867 5 857 000 998

Swero 12915 11 092 000 859



Average runoff -
Storage required

Mnyera to aveta Damsite: 2264 so.miles

Average runoff -
Storage required -

2,248,000 acrefeet - 3111 cusecs.
- 23.7% - 533,000 acrefeet.

1,997,000 acrefeet - 2763 =sees.
24% - 479,000 aorefeet.

Average runoff - 844,000 aorefeet - 1167 ouseos

Storage required - 19.3% - 163,000 aorefeet.

Kilombero to Ifwema: 7,048 so.miles

Average runoff - 5,235,000 aorefeet -

Storage required - 22.0% - 1,150,000

Purua to Malinyi: 507 sq.miles

Average runoff - 604,000 aorefeet - 836 auseos.

Storage required - 35.0% - 211,000 acrefeet.

Sofi to Sofi Mission: 62 so,miles

Average runoff -

Average runoff -
Storage required

Kilombero to Ifákara:

Average runoff
Storage required

7215 ouseos.
aorefeet.

44,000 acrefeet 61 ouseos.

Storage required - 38.4% - 17,000 aorefeet.

Kihanzi to Merera Damsite: 475 sq.miles

Estimated average runoff - 665,000 aorefeet - 920 ousecs.

Estimated storage required - 38.0% - 253,000 aorefeet.

Mgeta to Mohombe: 124 so.miles

Average runoff - 284,000 aorefeet - 393 cusses.

Storage reouired - 28.3% - 80,000 aorefeet.

Ruipa to Ngongwa Damsite: 535 so.miles

Estimated average runoff - 1,017,000 aorefeet - 1407 cuseos.

Estimated storage required - 38. - 387,000 acrefeet.

Lumemo to Doliya Damsite: - 150 so.miles

280,000 aorefeet - 387 =secs.

- 49% - 137,000 aorefeet.

12,063 so.miles

- 10,560,000acrefeet - 14,612 =secs.
- 36.50 - 3,854,000 acrefeet.

Ruhuji to Mkaau Damsite: 3277 sq.miles

Mpanga to Mdiku Damsite: 910 so.miles



Average
Storage

runoff - 11,092,000 acrefeet - 15,348 ausecs.
required - 39.2% - 4,348,000 acrefeet.

All these data refer to an average year. In wetter years higher storage capacities
are required as shown on the Runoff and Storage Data and Map at the end of this
chapter. The storage requirements are calculated under the assumption that all
storages are utilised as to even out the river flow as much as possible at the
point under consideration. In other words this means that if water is drawn from
the tributary storages to obtain an even river flow at the outlet of the reservoir,
then the river flow at places further down the river will be uneven if no additional
storage is available for a regulation of runoff contribution from the partial sub-
catchment below the.reservoirs. This inflow to the river must be considered in
draw off from upstream reservoirs for downstream purposes.

Except the Kingenenas reservoir, which might not be a practical solution,
there are no apparent reservoirs on the main Kilombero, and downstream from the
Kihanzi confluence there were found to be only small storage sites on the Ruipa
(175 000 acrefeet) and the Lumemo (54 000 acrefeet). These storages will help
considerably in aatting off high spates on these two tributaries, but this capacity
is not sufficient for full control of the rivers. It is later learned that these
two storages possibly can be made larger.

Storage sites are found sufficient (see Runoff and Storage Data and Map)
on the Ruhuji, the Mnyera and the Mpanga to maintain an even river flow at the
outlet of these reservoirs in an average year. An even flow can also be maintained
at Ifwema (7215 =secs) if these three reservoirs are operated correspondingly and
in an average year it seems that the runoff at Ifwema can even be oontrolled by
reservoirs on the Ruhuji and Mnyera only.

Some miles below Ifwema the Kilombero is joined by the Furua. This river
would require a storage capacity of 211,000 acrefeet for an average control. Un-
fortunately, no obvious storage possibilities were found on the FUrua and this river
will therefore join the Kilombero in its natural state. A maximum flood of 8500
cusecs was observed in 1958 on the Furia at Malinyi and this flow added to the
above regulated discharge at Ifwema would give a flow in the Kilombero of about
16000 =secs which is just below the river channel capacity as measured at Ifwema.
By increasing the upstream reservoir capacities for retaining more flood. water
during the high spates in the Furia, the flood_ of the Kilombero at the FUrua
confluence should be less than 16 000 cusecs, and flooding of the plains in this
area should be limited.

On the Mpanga at Mdiku and on the Mnyera at Taveta the practical height
of dam and corresponding storage capacity are very close to what is required for an
average control (see Vol. III. Water Control, Part 4). On the Ruhuji at Mkaaa it
is possible to extend the capacity above average requirements to 1 470 000 acrefeet
and another reservoir of 250 000 acrefeet capacity has been surveyed at Msana on the
Kigogo-Ruahal in the Mnyera catchment. This additional storage will contribute
considerably to an effective control of the upper Kilombero, and is a necessity
for better possible control of the lower regions of the Kilombero. As regards
filling possibilities, the reservoirs can be utiliszed to the utmost extent in an
average year and the whole capacity should therefore be effective. The only
exception is the Kigogo-Ruaha, where the flow during an average wet season will only

Kilombero to Swero: 12,915 sq.miles



be able to fill about 200,000 acrefeet of the reservoir capacity, 250,000 acrefeet.
However, any additional storage possible on this river would be of great value in
wetter years.

On the Kihanzi a storage capacity of 253,000 acrefeet (1958 regulation curve)
wauld be required to maintain an average outflow of 920 ausecs from a dam at Merera.
The capacity of this reservoir could be made greater than this, but at high cost;
of the flow in an average year up to 450,000 acrefeet would be available for storage,
and perhaps 700,000 to 800,000 acrefeet in wet years. By regulating this reservoir
together with those mentioned above, the regulated flow at Ifákara on the lower
Kilombero in the dry season could be about 12,500 cusecs, and the maximum flood flow
could be reduced considerably.

The following gives an overall picture of storage possibilities on the
Kilombero:-

WATER STORA.BLE

-382-

* Reservoir capacity contemplated is 0.200 million acrefeet.

The catchment area above these reservoir sites on the.Kilombero is
altogether 6611 square miles, 55% of the total catchment to Ifakara. For flood
control a reservoir can only contribute to the extent of regulating its own catchment.
Flood spates from those parts of the catchments which are below the reservoir sites
will, on the proportion mentioned above, be a little.less than half of the total
rate of flow observed at Ifakara. The reduction in natural valley storage resulting
from regulation must of course also be taken into account, but no data are yet
available for such a study. On the other hand, it should be noted that on many of
the tributarles which have storage possibilities, the gauged specific flood flows per
acre are higher than those resulting on the whole catchment. Altogether, the available
information indicates that if the storages mentioned above had been available during
the five years of observation, the maximum flood at Ifekara would have been reduced to
approximately:-

1955
1956
1957
1958

1959

31,000 cusecs
45,000 ausecs
42,000 cusecs
35,000 cusses
13,000 ausecs

The capacity of the river channel to bank,level at Ifakara is about 40,000
cusecs. It therefere. seems that in an average year the storage capacities mentiohed
above would be adequate for flood control and the river flow could be kept within
the channel at that point; even in a high year such as 1956 the axcess would be
relatively.small.

Tlli_oris of Acrefeet

Wet Year TotalsAverage Year Totals

Ruhuji at Mkasu 1.470 1.470
lagogo-Ruaha at Mana 0.200 0.250
Mnyera at Taveta 0.454 0.454
Mpanga at Mdiku 0.156 2.280 0.156 2.330
Kihansi at Merera* 0.450 2.730 0.800 3.130
Ruipa at Ngongwa 0.309 3.039 0.309 3.439
Lumemoat Doliya 0.090 3.129 0.090 3.529
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In high years there will still be some flooding, and additional meaaures
will have to be taken if full control is to be achieved in such years. The year
1956, which was a very wet year, would require 7.2 million acrefeet effective
storage to achieve an even flow throughout the year at Ifakara. Any additional
storages that can be constructed on unregulated tributaries will help to reduce
flooding and there is a possibility that a lowering of the river control section at
Swero will gradually increase the river slope and velocity of water above the
present rapids in such a manner that the river will be oapable of carrying higher
discharges. The possibilities of such an excavation should be further studied, and
also the effect that this will have on the ground water table of the lower reaches
of the plains during the dry season.

When operating upstpeam storages for downstream purposes, the time lag
must be considered. A foresight cannot always be depended upon and even with a
good telecommunication aystem it is difficult to regulate storages as effective as
they should be. On the Kilombero the time lag between Iftema and Ifalcara is on an
average 10 to 14 days on a falling stage of river but is considerably longer at the
rise of floods. At Ifwema the river rises to average flow in the middle of January
while the average flow at Ifakara first is reached round the 10th of March or li to
2 months later than at Ifwema. When some storage sites are built up river less
water will be stored on the plains and the water will discharge at a faster rate.
The time lag at the beginning of the year will then be shorter than it is with an
unregulated river system.

LUWEGU RIVER

The Luwegu and Mbarangandu drain 9382 sq.miles to their confluence near
Njangasi where a possible damsite was surveyed. (See Runoff and Storage Data and
Map). The catchment is hilly and the river gradients steeper than on the other two
main Rufiji tributaries. The area consists of Karoo rocks which erode at a com-
paratively fast rate and the sediment transport is great. The river is intermittent
but has flashy floods. The average runoff is estimated to 2 600 000 acrefeet at
proposed damsite.

A reservoir at Njangasi would reduce silting in the proposed reservoir
at Stiegler's Gorge considerably, and especially if Stiegler's Gorge II is to be
built, see Vol. III, a controlled Luwegu will make it possible to maintain a higher
head in this reservoir for greater power production.

RUFIJI RIVER

A reservoir of 6.4 million acrefeet at Stiegler's Gorge will control the
Rufiji in an average year. The average inflow to reservoir, 25 000 mimeos, can be
evened out, and the average outflow will be approximately 23 000 cusecs correspondin4
to an evaporation loss of 8%.

In the wet year 1956, this reservoir could reduce the maximum flood from
252 000 cusecs to approximately 62 000 cusecs and flooding in the Rufiji Valley and
delta would be very limited. The river channel oapaoity has been estimated at three
places by corresponding water level graphs with Stiegler's Gorge as follows:-

Mtanza 65 000 =secs
Utete 72 000
Ndundu 65 000 "
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If storage sites are built on the Kilomberoy Great Ruaha and Duwegu,
the storage requirements at Stiegler's Gorge will be less, or in other words, the
6.4 million acrefeet storage will be able to reduce floods more than 1.s indicated
above.

The Stiegler's Gorge reservoir can be made much greater than this. See
Stiegler's Gorge II, Vol. III. A possible capacity of 23.6 million acrefeet is
available and with a maximum height.of dam of 400 ft. the power potential is great.

Between Stiegler's Gorge and the Indian Ocean, 7394 sq.miles drains into
the Lower Rufiji. Part of this area is shown on maps as discharging direct into
the Ocean, but as some of it is covered during high.floods, it is considered as
belonging to the Rufiji Basin. It is of interest to get a runoff evaluation for
this area, and. this runoff contribution must be dealt with separately before the
plains can be fully utilized.

The area receives on an average 12 992 000 acrefeet of rain equal to
33.0 inches per year.

There are no direct runoff observations in the Coast Area, neither on the
Rufiji nor in any other adjaoent rivers, but it is assumed that the specific runoff
will be around 150 acrefeet per sq.mile per year. This gives a total runoff from
the coast area of 1 109 000 acrefeet, oorresponding to a runoff coefficient of 8.5
percent, which is a reasonable average figure on this flat land.

The Lower Rufiji can be sub-divided as follyws:-

Partial Areas A Qm

North of Rufiji Sq,miles Acrefeet

The whole river.gystem flowing
into the Indian Ocean at Muni. 1 137 170 000
River from Ukutu Mts. Joining
Rufiji some miles dOwnstream of
Mtanza. 357 54 000
River joining Rufiji at Kwangwazi. 492 74 000

South of Rufiji

Rivers between Utete and Kilindi.
River Lukuliro, Namamba, Lihangwa
and Longonya, to confluence with the
Rufiji upstream of Mpanganya.

Total.

The rest of the runoff (1109 000 - 885 000) acrefeet = 224 000 acre
feet comes from areas close to the main river and in between the mentioned partial
areas.

723 108 000

3 190 479 000

5 899 885000
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RUNOff AND STORKE DATA AND MAP
Compilied by II. Pufiii Basin Survey Ilydraloqicol Snolion, Tonlanyilea.

STORAGE STORING 5TORACE

piv00 DAM OR CATCHMENT ANNUAL RUNOFF ACRE FEET CAPACITY REQUIREMENTS CAPACITY

qAtiqiNg VTR ARCA MAXIMUM AVERAGE M1N/MUM REOUIQEDINA AS% Of AK SURYLYtOy REMARK,.

SQ. MILES WET YEAQ AC41 RUNDFF. ACRE FEET.*

CHIMALA AIL5A DANISITE. 76 95 000 68 000 45 000 (76 000) FROM 1150,000 0.09100 FT V.i.

CN1MALA CNIMALA INA 7. 85 120 000 76 000 46 000 46D00 63.3
GREAT RUANA DAMSITE. 321 44I 000 238D00 1 12 000 325 000

GREAT RUANA GREAT NORTH ROAD, MAS. 328 441 000 238 000 I 12 000 1915000 63.2
KIMANI DAYWITE. 173 257 000 .1 34 000 84 000 198 000

(IMANI GIZEAt NORTN 5040. 1KA 9. I 73 257 000 134 GOO 04 000 '43000 107.0
195ARALI DAMSOL 574 525 000 326 000 153 000 I M 000
MBADALI IC,AWA, 11E011 GIS 574 000 351D00 2C11 000 196 000 55.0
IPWANI DAMMTE 455 (151 000) (84000) (34 000) GO 000 BASED ON RECONNAISSANCE ONLY

HALAL! IYAYI, WA 12 302 137 000 76 000 50 000 56 000 85.13

NDEMBERA NGALENGE CAMSITE 404 179 000 90 000 37 000 1290 000
NDEMSERA :Longo, IKA15 404 174 000 95 000 37 000 79 000 83.1
NOEMBERA MADISMAJKA 33 707 250000 I47000 64 000
GREAT RUMIA INFLOW TO USANGU PLAIN 3 375 (3000 000) (1 625 000) (BOO 000) (I 300000) (80-0)
GREAT RUANA HAUSMANN'S BRINE. IKA 27. 7 700 1 727 000 1 340 000 985 000 1 200000 - 65.2
LITTLE. RUAHA MAKALALA 00Ntsrn. 293 209 000 116 000 52 0 00 111 000
LITTLE RUAHA SiRCLUB, 114A32. 293 209000 1 16 000 32 000 50000 93.1

LITTLE ROAM IWAWA, IRA 39. 645 495 000 165 000 162 000 I 19 000 44.9
LITTLE RUANA INIPABLE WA 11. 957 750 000 35400° 214 000 137 000 39.8
LITTLE RUAHA I RING* DAMSITE. I 125 51 1 000 445 000 246 000 1066 000
LITTLE RUANA 1767NA. INA 2 I 1 27 01 I 000 444 000 246 000 160 000 37.9
LITTLE RUAHA TOSAMAGANGA,IKA 20 1 273 794 000 439 000 237 000 I 94 000
LITTLE. RUMIA MAWANDE,IKA 31 2 005 502 000 465 000 214 000 150 000 38.7
GREAT ttUAHA NISALWA, 110, 26 13 544 1 159 000 1 500000 959 000
itisigo KINUNGURU. OCA 42 9 475 (GOO 000) 276 000 (110 000)
GREAT RIJANA MTERA IKA 5- 26 154 3 390 000 I 655 000 700 000 1 742 000 105.o

. gram- ROAM MTERA DAMS1TC 25 270 3 390 000 I 555 000 700 000 1000 000
GREAT RUAHA AABUYUNI I1CA4 . 25 274 3 670 000 I 711000 920 000 I 860 000 109.0
GIZEAT /WAWA KIDATU,I18A 3 30 905 4 530 000 7306 000 1 ISO 000 2 780 000 555

FuAyt loe.qt OAPASITE 21 26 800 18 500 13 000 50 000
ru0s1 low.. 1RB 7 24 30 000 21 000 14 000
KNODO-RUMIA FRICK'S BRINE, MI 6 511 417 000 284D00 191 000 342000 120.0
KNOHNI-RUMM. MSANA DAMSITE 529 440 000 299 000 200 0 00 .012 000
MIEVERA TAVEIM1101 9 1 930 2 525 000 I 694000 1 154 000 560 000 33.1
MNVE.12A TAIJETA DAM,SITE 2 764 2976 000 I 997 000 I 350 000 504.000
RUIFUJI MKASU DANSITE 3 777 3 250 000 2 148 000 I 7015 000 3 090 000
RUHUJ1 MWAVAMALLINOU, INES 10 3 294 3 253 000 2 257 000 I 711 000 i icm 000 485
MPANGA MDIAU OAMSITE. 910 1 182 000 84400° 505 000 S913000

MPANGA MPANG4, 55 0 937 1 219 000 859 000 629 000 245 000 29.0
KILOMBEI10 IFWEMA, 159 4 7 049 7 025 000 5 235 000 4095 000 1 790 000 34.2
fURUA MALINYI, IK0 16. 507 1 000 000 604 000 392000
KIHANZI MENEM OAMSITE. 473 (900 0001 (540 000) (4.50 000) (540000) (100.0) sop 000
RU1PA PIGONGWA DAMSITL 535 1 200 000 (850 000) ( 590 000) (875 000) (102 .0) 173 000
LUMIMO DOLIYA DAMSITE. 1 50 357 000 280 000 2 1 2 000 54000
LUMEMO KIMONI, 155 14. 154 400 000 312 000 234 000 110000 38.5
kkomeEcto WAIMRA, ERB 2... 11 063 16 700 000 10 350 000 6090 a 00 7 200000 67.6
141LOMBE170 5WE170, 1KB 17. 11 9 15 1485 000 11 092000 6 333 000 (7500000) (57.5)
KILOMBEGO KINGENENAS OAMSITE 13 I 7 1 W455 000 II 052000 6 333 000 4 080000
LUNOMBERO ILONGA, 11535 395 376 000 I 02000 104 000 193 000 106.0

LUWEGU NJANGASI DAMSITE. 9 382 (3 700 000) (2500000)Coo) 1500 000 2 OSO 000 (a0.0) 4 750000

QUEEN sriarns cpeqt. DAMSITE. 61 101 29 000 000 18 050000 10 750 000 12 500 000 65.0 23 000000
WW1 STIEGLETÉS ric0qt, 155. SI 1 05 29 500 000 15 050000 ID 750 000 12500 000 59.0
!WWI AREA BETWEEN 2TIEGLER3

çoraçE ANO INDIAN OCEAN. 7 394 (1 05000)

7

8



.INTRODUCTION

It is hoped that funds will be made available for a continuation of the
hydrological investigations of the Basin. Practically all river gauging stations
at present in operation should continue for many years to come, and the stations
kept in proper order and improved wherever possible and necessary. Some of the
stations should be shifted to better sections of the river. This is discussed in
detail in part 2 of this report. A number of additional river gauges should be
established on rivers not investigated, as suggested below.

KILOMBERO RIVER

It is very important to get more information on the flooding of the
Kilombero Plains. It is suggested that a number of additional river gauges are
incorporated in these investigations and that gauges should be established on
tributaries above ary backwater innuendo from the flooded plains. The most
important tributaries not gauged at present are the Kihanzi and Ruipa Rivers.
Beside these a number of smaller tributaries from both sides of the valley should
be gauged, and on all tributaries runoff should preferably be gauged at various
altitudes. This will enable more reliable runoff maps to be established giving the
total runoff from higher land on to the Kilombero Plain. Actual discharge obser-
vations on the main river after entering the plains are very difficult during
floods. Large areas are flooded and stable control sections are scarce if to be
founa at all. Nevertheless, water level records in themselves are of great
importance and it is suggested that about six additional gauges are established
on the main river between Ifakara and IfWema. It would be of advantage to have
automatic recorders, and Griffin Gauges for check of extreme floods, which then
weuld facilitate a better study of river behaviour and movement of water within
and beside the main river channel. A detailed hydrological study of the extent
of the flooding on plains is very important, but would require good contour maps
before definite plans could be drawn up.

LUWEGU RIVER

This tributary contributes a large quantity of water and has flashy
floods carrying large proportions of silt. It would be of importance to have
permanent station installations on the Mbarangandu and Luwegu for future studies
of runoff and sediment transport on these rivers.

GREAT RUAHA RIVER

A number of the most important tributaries have permanent stations but
it would be advantageous to have additional gauging stations on some of the tri-
butares from the west. Water level gauges should be established on rivers
throughout the Usangu Plain and the Utengule Swamp and one or two gauging stations
on the main river between Hausmann's Bridge and the Kisilwa gauging stations.

COASTAL AROk

No information is available on runeff from the Coastal Area, and due to
flooding it was found extremely difficult to get reliable runoff records of
tributaries below Stiegler's Gorge. It is suggested that these tributary streams

-386-

16. FUTURE WORT: ON RIVER GAUGINGS



- 387-

should be investigated for possible gauging sites some distance away from the main
river and if suitable sites are not to be found there, some coastal rivers adjacent
to the Rufiji Basin should be gauged. Results from these rivers could thereafter
be transferred for application in the Lower Rufiji area. The investigations of the
extent of flooding and of measures to protect valuable land form a task similar to
that of the Kilombero Plains.

In all areas it is almost impossible to gauge every small river and
stream. A fair representation must be,seleoted only, and it is important that
these gauged rivers covei areas of various runoff conditions. For the establish-
ment of runoff maps the gaugings of runoff from smaller catchments, say 30 to 100
sq.miles, are of value and if such areas are spread fairly evenly over the Basin
reliable runoff estimates for ungauged areas located between these can be made.






