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1. GENERAL

Meteorological and hydrologlical investigations and studies were
carried out to clarify the natural conditions in the project area and to
assess the natural water resources of the projectg Field investigations
were made in the Mkomazi Valley area (1,900 Kn? ) during two periods from
October 1982 to December 1983 and from May 1983 to June 1983. Data and
information were collected at observation sites and from the authorities
concerned. ({.,e.!Water Office in Kilimanjaro Region, Project Preparation
Division of the Ministry of Water and Energy and the Department of
Meteorology of the Ministry of Transport and Communications). The
collected information and the data obtained were used for studies in
Japan dealing with the meteorology and hydrology. The results of these
are reported in this annex. :



2. METEOROLOGY

2.1 Observation Record

2.1.1 Meteorological record

There are three meteorological stations in and around the Mkomaz1
Valley area. These are listed below. : o

. N _ . _ ‘Commen_ce--
Name of Station _ Organization - ment
1. Same meteorological statlon Min.'Transport.,&_Comm. 1962
2. Kalimawe meteo. station Min. Water & Energy 1962
3. Buiko meteo. station Mitn. Transport. & Comm. 1962

b D R et ST EY R A £ ek ek i et o e
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The location of the above three stations is shown in Fig. A-1. Of
the above stations, data at the Kalimawe meteorological station was used
the for the project studies because only the Kalimawe meteorological
station is located in the Mkomazi river basin. The metéorology of the
other stations is quite different from that of the Mkomazi river basin
because to the effect of the South Pare Mountains. B

Observations of temperature, humidity, wind velocity, evaporation,
solar radiation and rainfall have been observed daily at the Kalimawe
meteorological station located on the right bank of the Kalimawe dam.
Collected daily data are processed monthly as shown in Tables A-1 and
A-2.

2,1.2 Rainfall record

There are 12 rain gauge stations in and around the Mkomazi Valley
area as listed below, Long term daily data observed continuocusly are,
however, available at only the three stations of the Tia dam site, Gonja
estate and the Kalimawe meteorological station. The observation periods
of the other stations are rather short and often interrupted due to the
breakage of the rain gauges. ' '
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Registered Period of

. Name of Station No. Record
Kwizu mission school 9438032 1961 -~ 1979
Kisiwani sisal estate 9437011 1949 -
Tia dam site 9437010 1962 -
Gonja estate 9438011 1937 -
Mtii primary school 9438050 1965 - 1973
Ndungu sisal estate 9438051 1974 -
Kalimawe meteo. station 9438040 ' - 1962 —
Ibava 9337104 1968 - 1971
Dindera 1968 - 1971
Mbula 1968 - 1971
Mbugaya pundamilia 1968 - 1970
Kislma . _ 1968 -~ 1970

o ettt L o - —— -

The duration and kind of collected data are illustrated in Fig;
A-2. Monthly rainfalls are processed based on the daily rainfall as
- shown in Table A&-3.

In view of the particular importance of rainfall data for the
irrigation development planning of the project, JICA (Japan
International Cooperation Agencies) established five additional rain
gauge stations 1n the catchment area of the Mkomazi river from November
1982 to June 1983. :

- Manka secondary school (27th May '83)
- Mheza primary school  (27th May ‘83)
- Mtii primary school - (22th Nov.’82)
- Parane primary-‘school (23th Nov.'82)
- Tdaru primary school  (28th May “83)

The locations of the existing rain gauge stations as well as the
five new stations are shown in Fig. A-1l.

2.2 Meteorology of Mkomazi Valley Area

2.2,:1 ‘Classification of seasons

The Mkomazl Valley area 1s located at around 4°to 4°30'S latitude
and 37055ftb 38°10'E. The area is generally classified as tropical
savanna. The climate in the area is affected by the north—east wind
~ (from November to April) and by the south-east wind (from May to

October). The North-east monscdon provides most of the annual rainfall.
From the rainfall distribution-shown in Fig. A~3 and A-~%4, the year can
be classified into 2 seasons as follows:



(1) Raiuy season from November to May:
{2) Dry season from June to October:
The rainfall in January and February is rather less than the other

months and the rainy season can therefore be divided into two
distinct seasons.

Taking into consideration that the rainfall 4in October is somet imes
high, it is determined that the hydrological yeav begins in October and
ends in September in the next year.

2.,2.,2 Meteorology of Mkomazi Valley area

The mean temperature recorded at the. Kalimdwe meteorological
station ranges from 22°C to 28°C'and has little seasonal variation.
Both the monthly mean maximum and minimum temperature are 34. 1°¢ and -
16.2°C respectively. The annual average Class A pan evaporation
observed at Kalimawe is 2,150 mm. The monthly average evaporation
reaches its maximum in February, about 6.6 mm/day and its ninimom in
August; 5.5 mm/day. The annual average relative humidity is
approximately 38 % at Kalimawe with very little seasonal variation. The
main climatic features are summarized in Table A-1 and Fig. 4&-3.

The annual amount of rainfall in the Mkomazi river basin vaires .
substantially from place to place, generally there is much rainfall in
the eastern slopes and highlands of the South Pare Mountains, less in
the flat lowlands of the Mkomazi valley area and in the Mkomazi Game
Reserve. As shown in Table A~3, the average annual rainfall at the Tia
dan site station located in the highlands of the South Pare Mountains is
about 1,430 mm which is about 3 times that at the Kalimawe
meteorological station located in the lowlands of the Mkomazi valley.
Based on the record and results of the investigations, the annual
rainfall in the highest area of the South Pare Mountains can be assumed
approximately at 1,500 mm in the northern part and 800 m in the southern
part.

2.3 Rainfall Analysis

2,3.1 Correlation among rain gauge stations

A comparison of annual rainfalls between the Gonja estate station
and othér rain gauge stations was made as shown in Fig. A-5. No
particular differences of the distribution pattern are observed among
the stations.

2.3.2 Seasonal distribution

Menthly distribution patterns of the average rainfall at each rein
gauge stations are shown In Fig. A-4. In the Mkomazi Valley area, more
than 90 % of the annual rainfall cccurs in the rainy season as shown



below.

O ke i g 2 S b AT S e D AR L0 L L ol PR L 2 Al Y D S S e i L (Y e o i 47 Y O Rt P U A LS i il <8 A B 0 4t L I R L D e it i e

Anpual Rainy Dry

Station Altitude Rainfall Season Season
' (mm) {mnin) (%) (%)
Tia dam site 1,670 1,430 92 )
Gonja estate = . 549 870 91 9
Kalimawe meteo. © - 508 470 92 8

station
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2.3.3 Probability analysis of annual rainfall

Of the 12 stations, 6 statlons with long-térm observation records
are selected for the probability analysis of non-exceedance. While the
amount of rainfall in a hydrological year (from Oct. to Sep.) is
utilized for the amalysis, the annual rainfall in the calendar year is
used at the Kisiwani sisal estate which has insufficient monthly records
for the calculation of the annual rainfall in the hydrological year,
Results of the analysis are shown in Fig. A-6 and summarized in the
following table.

7Y Yt o o P O g o i B T o T o 1 . o . o i < .l S Y S TP o e e et i e G b b e i et S B b e i 3 ek R b

_ - Nos. Re- Return Period Re~
alti—- of corded in Years corded
station tude Data Max. 2 5 10 20 Min.

(m) (Bos.) (mm) (mm) . (mn) (om) (o) (ym )

—— Py

Kwizu missien 1,150 15 1,239 792 615 536 477 398
school .

Kisiwani sisal 685 32 1,675 624 394 303 240 251
estat _ :

Tia dam site 1,670 20 2,664 1,397 1,095 . 959 857 872
Gonja estate 548 44 1,889 820 609 51% 453 397
Ndungu gisal 533 16 1,283 653 425 333 268 340
estate _

Kalimawe meteo. 508 20 1,007 430 284 224 - 182 187
station '
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Based on the above results, the annual rainfall at Kalimawe from
1979 to 1980 corresponds to once in 5 years occurence of a drought year,
that from 1964 to 1965 to 10 years occurence and that from 1974 to 1975
to 20 years occurence.

2.3.4 1Isohyetal analysis and basin rainfall

Taking into consideration the annual rainfall of the stations
mentioned in the above section, an isohyetal map is prepared as shown in



Fig. A"'I L

Based on the map, the followlng equations can be developed for
calculation of basin rainfall.

= 0,33
1.00
0.40
0.11
0.15

RN
RH
RY
RL
RS

i

i

it

il

where: RN
RH
RY
RL
RS
RT
RG
RK

RT + 0.52 x RG + 0.15 X RK wenvoosseca(2.1)
RT -...u..o..-..._.....a...e,...ae.-..(2;2)
RT + 0.60 X RGuvvsusosencscsssnsasson (2.3)
RT + 0.17 x RG + 0.72 X RK vevvuvraoos(2.4)
BT + 0.49 x RG + 0.36 X RKsssesanaeess(2.5)

Basin

Basin

Basin

Basin-

Basin

rainfall
rainfall
rainfall
rainfall
rainfall :

of Nakombo river

of Hingilili river

of Yongoma river

of Kamabaga river at Kalimawe dam
of Saseni river '

Rainfall at Tia dam site
Rainfall at Gonja estate
Rainfall at Kalimawe

Tia dam site, Gonja estate and Kalimawe meteorological station are
applied in the above equations, since long term daily data are available
for only the above three stations. The calculation is carried out daily
and the results are summarized in monthly and are shown in Table A-4.



3. WATER RESOURCES

3.1 River and Basin

3.1.1 Mkomazi river -

' The Mkomazi river has a catchment area of about 1,490 km? for
the Kalimawe dam at which the river length is about 70 km From north to
south. ' It originates from the southern ehd of the North Pare Mountains
and .runs in an almost southeast direction down to the confluence with
. the Nakombo river, passing through the Mkomazi Game Reserve. The
surface runoff of the river, however, does not always flow throughout
the year. It appears occaslonally at the occurrence of heavy ralnfalls
in the rainy season.

- After joining with the Nakombo river, the Mkomazi river is called
the Kambaga river and has surface runoff flowing nearly throughout the
year. Passing through the Igoma gorge located 5 km downstream from the
confluence with the Nakombo river, the river water spreads out and
stagnates in the marshy area. Consequently,; the stream of the river
usually fades out during the dry season., After joining with the
perennial rivers, Hingilili and Yongoma, the Kambaga river provides flow
to the Kalimawe reservoir.

3.1.2 Major tributaries

There are’ four major tributarles (the Nakombo river, the Hingilili
river, the Yongoma river and the Sasenl river) which originate from the
South Pare Mountains at elevations. varying from 1,000 to 2,400 meters
above sea level. The plentiful rainfall is distributed in the South
Pare Mountains, particularly at its eastern slope from which the above
tribitaries receive most of their water throughout the year.

After leaving the South Pare Mountains, these tributaries spread
out’ to the alluvial fan and then flows into the Mkomazi river. The
catchment area of the above tributaries at the debouching point are
shown In Fig. A-7 and listed ‘as follows:

: Catchment Area
River ©at Debouching Point

(km? )
Nak ombo 32.5
Hingilili 55.8
Yongoma 70.5

Saseni 198.5

it mca prm s i i e e e

Although the catchment areas of these rivers have been developed
over many generations for farming by the inhabitants, the forest



vegetation over 1,700 m has been preserved. Therefore, the above rivers

can be employed as water source for the project, provided that the
forest reservation works are not hampered. :

3.2 Discharge and Water Level Record

3.2.1 Gauging station

There are two digcharge measurement stations in the tributaries as

shown in Fig A-8. One is at Kiruka (31.5 kn) in the Hingilili river

and the other at Gulutu (192 kn" ) in the Saseni river. Observation water

level records of the Kalimawe reservoir are also available and the
collected data are shown in Fig. A-9.

The discharge measurement and water level recording at the above
stations have been operated by.the Water Office of Kilimanjaro Regiom
the Ministry of Water and Energy since 1963, as shown below.

———— e e o —— — -

Station - ‘ ﬁater.Level : Discharge' . Period
Kiruka (IDB18) Daily readings 1963 -
on Hingilili river : current meter 1966 -
(31.5 km?) : in rainy season :
Gulutu (1DB2A) Daily readings 1963 - 1971
in Saseni river Automatic re=- 1972 -
(192 km?) .. corder

current meter 1963
in rainy season

Kalimawe dam Daily reading - 1963

in

In order to secure more reliable dischafgé.data of thé_river, JICA

established three additional water level gauge stations.,

-~ Nakombo river in Kisiwani village (6th Dec. “82)
— Kambaga river at Niiro bridge (llth Jun. ‘83)
- Yongoma river in Ndungu village (i0th Deec. "82)

The cross sections of the above stations are shown in Fig., A~]0

"~ 3.2.2 Rating curve

Based on the discharge measurements mentioned above, the rating
curve of each station were developed as shown in Fig. A-1l1 and below.
The rating curve of Kisiwani, Njirc and Ndungu stations are developed
based on the discharge measurements carried out during the survey
period. The equation is parabola and as follows:



Q=Ax (H+C)B

where Q = discharge (m3/sec)
: Aand C = coefficient

Bowe 2 _
H = gauge reading in meter
Station. Period of Validity
Kisiwani (Installed by JICA on 6th Dec.1982) .
A = 14,26 C = ~0,32 6 Dec. ‘82 - 15 Feb. 783
A ] 10.42 C = “0.24 1.6 Feb. ’83 bl
Niiro (Installed by JICA on 1lth Jun.1983)
A= 5,29 ¢ =-0.37 11 Jun. "83 -
Kiruka (1DB18) Fo
A=12.505 B = 1.73%9 "C = -0.28 11 Jan. "71 - 14 Dec. 79
A= 9,881l B = 5,184 C =0 15 bec. 79 - 1981
A =-22.,07 C = -0.34 1982, 1983 -

Ndungu (Installed by JICA on 10 Dec. ‘82)
A= 9.84 C = -0,40 10 Dec. ’82 -

Gulutu (1DB2A) .
- A= 0.,0011 B = 18,331 H: lower than 1.475

0.0718 B = 7.515 H: higher than 1.475

20.50 C=-1,24 1982, 1983 -

i i o o B e R R o o, YA Bl B . 0 i Mt b e B P $F A7 St L P W AR At e — e

Wi

. The Gulutu statibn:is'located at a highly suitable site for
discharge measurement and water level recording. ' The rating curve of
Gulutu can be satisfactorily utilized for low range of water levels.

The Kiruka station is located at a rather pood site for discharge
measurement. The staff gauge of the station is installed at the curve
of the Hingilili river. However, it is located at the opposite side of
- the access road, and it is difficult to read the staff gauge when the
log bridge is submerged at floed time. Besides, at a point 30 m
downstream from the staff gauge, there is a critical flow point, where
the effects on the dlscharge can be observed during the high water
level. :

3.2.3 Diéchargé at gauping station

The daily discharge data are calculated by using the above
mentioned rating curves prepared by the Project Preparation Division in
the Ministry of Water and Energy in Dar es Salaam. The monthly mean
discharges of the Hingilili river at Kiruka station and the Saseni river
‘at Gulutu station are shown in Table A-3> and summarized below.
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River Jan. Feb. Mar. Apr. May . Jun. Jul. Aug. Sep. Oct Nov. Dec. Ave,

i e e L B A o R i At i R s al Lae e e - - i e ks s 12 o ey am s - e et B o s G

Hingilili 0.96 0.68 0.84 1.02 0.77 0.56 0.41 0.38 0.36 0.34 0.76 1.42 0.71

Saseni 4.39 2.76 3.43 3.39 2.01 1,21 0.83 0.60 0.50 0.49 1,62 4.99 2,18
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The relation between the dfscharge of both stations and: the basin
rainfall are examined as shown in Fig. A~12 and A-13, which show rather.
a close correlation.

3.3 Presént Water Balance at Kalimawe Reservoir

The present water balance at the Kalimawe reservoir is simulated on
the assumptions and approach mentioned hereunder, by using an electronic
computer. The runoff from the catchment area of the Kalimawe dam is
estimated in order to provide the basic data for water source
development planning described in Annex F.

3.3.1 Present state of Kalimawe dam

The Kalimawe dam was constructed in 1963 to control occasional
floods of the Mkomazi river and to supply irrigation water downstream.
It has a catchment area of 1,492 km? and has about 5.5 =x 10 w3 of _
effective storage capacity at the crest of the spillway. ‘The spillway .
of the dam has an overflow section equipped with stoplogs and a flushing
sluice. An intake gate for irrigation is equipped at the left bank of
the dam in order to supply irrigation water. Water taken from the
intake passes through the concrete conduit under the dam body and flows
into two canals at the outlet structure, .The amount of water to be -
released from the intake is. determined, based on the farmers and
inhabitants requests in the Kuhurio scheme. The principal features of
these structures are listed below and shown in Fig. A-14. The reservoir
capacity curve and reservoir surface area . curve are shown in Fig. A~15.

Dam. : Effective reservoir capacity - .
21,000,000 m3 at full surface water level
(EL. 506 52 m)
5,500,000 w3 at crest of spillway
(EL 504 76 m)
. Reservolr surface area
1,140 ha at EL, 506.52 n
680 ha at EL. 504.76 m

Spillway: Overflow section with stoploeg
20 spans; width of one span = 3.36.m
‘total height of stoplog = 0.93
Flushing sluice with slide gate .
2 lanes, width of one lane. = 1.50 m
Flow capacity at water level = 507.43 m

A-10



with stoplogs = 320 m3/sec Approx,
without stoplogs = 520 m3/sec approX.

Diversion structure:
Diasmeter of conduit = 0.91 w
Flow capacity = 1.2 m3/sec approx. in maximum

Operation and maintenance works have been carried out by the Water
Office in Kilimanjaro Reglon. The reservolr water level and the opening
of the intakes gate have been réecorded since 1963 with some
interruptions.

3.3.2 Principle of water balance formuwla

In a reservolr system, the relationship among inflow, outflow and
storage over a certain time 1s generally given by the following
equation.

ds{h) _ o
vl S UPPPPEPRYPPPROI & 13 9
Where; S(h): storage in the reservoir as a function of
: : water leveél
h : water level of reservoir
i : amount of inflow '
] 1 amount of outflow

Inthe above equation, factors on inflow and outflow of the study
are determined as follows, considering the present state of the
reservoir.
(a) Inflow:
i) runoff from the catchment area, Qg
ii) precipitation, Qp

(b) Outflow:
ii1) discharge from the spillway, Qg
iv) -discharge passing through the intake, Qg
v) evaporation from the reservoir Qa

Using the above indexes, the equation (3.1) can be transferred as
follows.

+QS+Qg+Qe="Qp

_ dS(h)
dt

gS(ht) .'" i(ht"l) + QS 4 Qg + QE'. Z Qp .......oo-t-(302)

Where 8 : storage capacity as a functlon of the water
: level
ht-1: previous reservoir water level
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ht : reservolr water level ar the time of

measurement
t : time increment from t-1 to t

3.3.3 Water level at Kalimawe reservoir

Daily water levels of the Kalimawa reservolr have been recorded
since November in 1963 with several interruptions. There are several
staf{ gauges in and around the reservoir. Their relationships are
obtained by the topographic survey during the survey period in 1982,
The following table shows the elevations of specific points of the

Kalimawe dam.

Unit:El.m

1, Crest of Kalimawe dam _ 509.23
2. Top of lining . ~.506.80
3. Design flood water level (108 ft) 507 .43
4. Full surface water level (105 ft) _ 506.52
5. Top of intake tower (BM16) ' 507.831
6. Zero point of staff gauge on the intake tower .
wall (1DBS) _ g
; feet gaupe - ’ 501.005
" ; .meter gauge . 500,891

7. Zero point of staff gauge in the approach channel 504 .986
of spillway (1DB13) "

8. Crest of spillway o . " 504.76
9. Top of spillway stoplog . - 505.69
10. Bottom of flushing sluice 503.25
11. Top of outlet structure - 505.10 -
12. Bottom of outlet structure : - 501.05
13. Top of high level camnal _ 503,96
14, Bottom of high level canal : - 501,05 .

-_ o e e i e

‘Based on the above relations, the recorded gauge heights are
converted to the water levels as shown.in Fig. A-9 in each 10 days
mean., As shown in Fig. A-9, there is a certain correlation between the
basin rainfal and the reservoilr water level.

3.3.4 Computation of storage

~

The storage capacity and water surface area of the reservolr can be
calculated according to the reservolr capacity curve and the reservoir
surface area curve shown in Fig. A-15.

The variation of storage and-surface area from 1963 to 1982 are
computed on a 10 days mean basis.
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3.3.5 Estimation of outflow

(1) Eﬁgporation from reservoir

. The evaporation from the reseérvoir is assumed at 70 percent of the
observed evaporation of Class A-pan at the Kalimawe meteorological
station. The following table shows the amounts of evaporation from the
reseérvolr computed according to the reservoir surface based on the
reservoir water:level recorded.

- o w R P Y e ot Y - 200 i e W Y VD s B B o P A i R By K B PR

‘Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov, Dec. Ave.

o o B it e ek o e e e A0 A AT A R s i L S S e Ak e S s ot S i U S

4.5 4.6 4,4 4.0 3.9 4.1 3.9 3.9 4.0 4 3 4.2 4.3 4.2

) e il e e T T - ——

(2) Discharge from spillway

~Ac¢cording to the operation record and information obtained from the
site, the stoplogs and sluice gate installed are roughly operated to
result in a certdin leakage of water from the ‘reservolr. The discharge
from the spillway is estimated by folleowing equation.

Qg = CxLzx H3/2

Where Qg = overflow discharge from stoplog crest (n3/sec)
: = -discharge coefficient (2.1}
L. = effective width (3.36 x 20) _
H = overflow depth of stoplog crest (m)

By using the recorded reservoir water level, Qg are 3
calculated on a 10 days mean basis. Qg is estimated at 107 m’/sec
and 323 m/sec at the full surface water level (EL.506.52 m) and the
high water 1evel (EL. 507 43 n) respectlvely.

(3) Discharge'from dlversion-structure

- The amount of irrigation water released from the diversion
structure is influenced by the reservoir water level, the opening
condition of intake gate and the water level at the outlet structure.

.. The following equation gives the relationshlp between the dlscharge
and the water level difference. :

)XQZ'

‘Where " h = water level difference (m)
' = roughness coefficient (0.02)

=
!
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cross sectional area (0.65 m?).

hydraulie radius (0.2275 m)

length (36.5 m): :
coefficlent of head 1oss due to intake gate
acceleration of gravity (9.8 m/sec?)
discharge passing through the diversion
structure {(m3/sec) .

L2209 rho R
[N

non o4

3.3.6 Estiﬁation of runoff from the catchment area
(1) Total runoff

Runoff to the reservoir can be computed based on the water balance
formula given in equation (3. 2) in Section 3.3.2 by the .application: of
the outflow estimated beforehand. In the calculation,_the recorded
rainfall at the Kalimawe meteovrological station is applied to the
precipitation of the reservoir. The results of computation are shown in
Table A~6. The runoff which can not be computed due to the lack of data
is interpolated by the basin rainfall : L

Thefrunoff'from the entiré catchment area largely varles from year
to year. During the past 20 years, the minimum and the maximum annual
Tuncffs ag the Kalimawe dam are. estimated ‘at 43 milliom n> and 665
million m? respectively. The average runoff is 166 million m.

(2) Runoff coefficient

The annual runoff coefficient of the Mkomazi river at the Kalimawe
dam can be calculated by dividing annual runoff by amount of annual
basin rainfall.  The annual basin rainfall was estimated 660 mm and the
catchment area is 1,492 km®. The annual runoff coefficient 1s

o

calu;ulated at 17 %.

3.4 Estimation of Available Water of Tributaries

1.4.1 Nak_dmbo river

The monthly mean discharge of the Nakombo river at the gauging site
is estimated based on the specific discharge of the Hingilili river and
the ratio of its average rainfall to that of Hingilili river. '

'

QL = Qe/Ak x (Ri/Ry) x A)

Where: Qj = Discharge of the Nakombo river. at gauging point

Qg = Discharge of the Hingilili river at Kiruka gauging station

A = Catchment area of Hingllili river at- Kiruka gauging
station(31.5 km?).

Ry = Basin rainfall of Nakombo = 1,060 mm

Ry= Basin rainfall of Hingilili river = 1,440 mm
Ay = Catchment area of Nakombo at debouching point = 48.5 km?
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'Thé-estiméted resultS‘afe‘Bhbwn in Table A-7 and summarized below.
The annual runoff is estimated 25 miliion nd,

Unitram3/sec'

S B A WA A T e 77 A G 8. AN TN Sl A Y TS e 3t k. i R LN D o e it Y -~ e i ol 48 e e o et 2

et e i e e e o

3.4.2 Hingilili river

. The catchment area of ‘the Hingilili river is 55.8 km? at its
debouching point from the South Pare Mountains. The catchment area at
the Kiruka gauging station is approximately 31.5 kmZ calculated by
ueging the topographic map with 1 to 50,000 in scale prepared by JICA in
December 1982. The annual basin ranfall is estimated at 1,440 mm in
Section 2.3.4.

The monthly mean dischérge at the debouching point is estimated

based on the speciflc discharge of the Hingilili river at Kiruka gauging
station.

Q1 = Qu/Ax XIAL

Digcharge of Hingiliili at debouching polnt

Where G =
: Qi = Discharge of Hingilili at Kiruka gauging station
Ay = Catchment area at Kiruka station = 31.5 km
Ay = Catchment area at debouching point = 55.8 km2

The-estimatéd mbnthly mean discharges are shown in Table A-7 and
summarized below. .The annual runoff is estimated 39 million m3.

Unit: m3lsec

e . L0 A B R A R Bt B G S S

. o e —_

: Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. ave.

[ - — b

-.u...._........——-.—.-....--.—

mean 1.70 1.20 1.48 1. 80 1.37 1. 00 0.72 0,68 0.64 0.61 1.35°2.52 1.26

- -

3. 4 3 Yongoma river

o The catchment area of the Yongoma river is about 70.5 km? at

its gauging station established by JICA. The catchment area is located
between the catchment area of the Hingillli river and that of the Saseni
river. .

The annuiial basin rainfall is estimated at 1,160 mm in Section

2.3.4. 1t is almost the same as the average of the basin rainfalls of .
the Hingilili river and the Saseni river. Topography, vegetation and

A-15



other natural conditions in the area except rainfall are almost similar
to those in the said two rivers. o ‘

As no discharge data for the basin 1is available, the discharge of
the Yongoma river at the gauging station is estimated by using the mean
value of the specific discharge of the Hingilili river and the Saseni
river., The results are shown in Table A-7 and summarized below.: The
anmual runoff is estimated at 37 million m3. : :

Unit: m3/sec

e o MR il 288 LA L A e o e S it R Y AP T S St it e P 22

3.4.4 Saseni river

The catchment area of 198.5 kmZ at the debouching point of
the Saseni river is mearly equal to that of the Gulutu gauging station.
Although the catchment area at the Gulutu gauging station had been
estimated at 17C kmz, the acreage was checked again and confirmed
to be using the new topographic map mentioned in Sub seciton.3.4.2. The
monthly mean discharge of the Sasenl river at the Gulutu station 'is
shown in Table A-7 and summarized below., The anmual runoff is estimated
at 68 million m3. '

Unit: m3/sec

Jan, Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Odtg Nov. Dec. Ave.

Ave. 4. 39 2.76 3. 43 3.39 2.01 1.21 0.83 0.60 0.50 0. 49 1.62 4.99 2.18

3.4.5 Runoff of Kambaga river at Njlrec bri@gg

(1) Runoff from seasonal and'oécasiOnal rivers |

As mentioned before, only three rivers provide the surface runoff
almost throughout the year to the Kalimawe reservoix. The total _
catchment area of the above rivers is’ Only 175 kmz, which provide
an average runoff of about 100 million m3 a year. The remaining
66 .million m3 of water is provided by other small tributaries.

These rivers have no perennial surface flow but only seasonal water imn
the rainy season. Moreover some of them have only occasional water when
the catchment area receives heavy rainfall, Therefore it is quite
difficult to estimate the runoff from the catchment area except. for.
Nakombo, Hingilili and Yongoma. The balance between the total runoff at
the Kalimawe dam and the total runoff from the above three rivers are
calculated as the runoff from the seasonal and occasional rivers.
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(2) Runoff of Kambéga'rivé;fét'Njiro bridge

In order to adapt to the water source development plan mentioned in
ANNEX F, runoff of Kambaga river is estimated by means of following

equationso

1)

Q" = Q x (A'/A) x (R'/R) + Qi

where

* = runoff of Kambaga river at Njiro bridge

runoff from seasonal and occasional rivers

catchment area at Njiro bridge = 749 km?

catchment area of seasonal and occasional rivers (1 317 kal)
basin rainfall at Njiro bridge (600 mm)

basin rainfall at Kalimawe dam (670 mm)

discharge ‘of Nakombo river (estimated in Section 3.3.1)

£ 0 u

’

N/

nog W

Q
Q
A
A
R
R
Q

N

The results are shown in Table A-7. The annual runoff'is estimated
at 51 million m3. .

Unit: m3/sec

- ——— ——— o e —

Jan. Feb. Mar. Apr. May Jun., Jul. Aug. Sep. Oct. Nov. Dec. Abe.

mean

2 09 1.81 1. 48 4,02 2 08 1.20 0.70 0.52 1.41 0, 46 0.86 2.81 1. 62

3.5 Water Quality

In order to check the water quality in the Mkomazi river, water

samplings
period of

(B

- (2)
(3
(4)
(5)
(6)
7
(8)

were carried out at the 8 locations shown below during the
the field survey. Chemical tests were carried out in Japan.

Kisiwani gauge site on Nakombo river
Njiro bridge on Kambaga:river

Kiruka gauge site on Hingilili river
Same—Tanga Road bridge on Hingilili river

‘Gauge site on Yongoma river
‘Kalimawe dam low level canal

Gulutu gauge site on Saseni river

‘Upstream of Saseni river

The electrical conductivity ranges from 20 to 248 micro mhos fem and
the Sodium Adsorption Ratio is less than 1.0. The results of the
chemical analysis are shown in Table A-8, Based on the standard of
United States Department of Agricurture, the water in Mkomazi Valley
area is excellent for irrigation.
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CLASSIFICATION OF IRRIGATTON WATER (Standard of U.S.D.A.)

L La g e M L Rl it i v R ) R S 1V gk e oy e A R R Y o 0k BT R S AR e R L e i

Sodium .. Electrical
Class Absorption Conductivity
' ratio o (micro mhos/em).
Excellent : : :
Gl - Sl less than 10  Less than 250.
Good _ _ o .
cl - 82, ¢2 - 82, G2 -~ 81 Less than 18 Less than 750
Useful _ . _ _ '
Cl - 83, €2 = 83, ¢2 -~ 83 Less than 26 Less than 2250

€3 - §2, C3 - S1

R e L B L D AP AR S M Y S T L4 A i B e B o — i i ot Rt At B s P n i
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4. -FLOOD ANALYSIS

4,1 Flood Water Level ﬁecords

4.1.1 Saseni viver

An automatic recorder has ‘been in operation on the Saseni river
since 1972. However no daily nor hourly rainfall have been observed in
the catchment area of the Sasenl river. Therefore, it is difficult to
analyze the’ correlation of recorded flood and rainfall. It is very
risky to simply adopt the recorded data for the flood control planning
unless cross checking 1s made with the results estimated by other
methods, because the rating ¢urve is developed by the results of
‘discharge measurement during the low water period. The recorded highsst
water level and discharge extrapolated from the cross section survey are
shown below.

et il et ot i . A L LY Ll R i Y L I it =7nd ey P B L ’ - o ——

Gauge Estimated

Year Date Height Discharge

- o (m) (m3/sec)
1972 Dec. 10th 2.20 31
71973 Dec. l4th’ 2.38 18
1974 Dec. 28th 2,51 45
1975 Dec, l4th 2.55 49
1976 Jan. 1llth 3.16 102
1977 Dec. 10th 2,52 46
1978 Dec.fl3th 3.35 125
1979  Feb. llth = 2,70 60
1980 Dec. 18th 2,40 40
1981 Dec., 30th 2.82 72

4.1.2 Analysis'of records df the Yongoma river

An automatic recorder installed on the Yongoma river recorded some
floods during last rainy season. The hydrographs at the gauging station
are drawn together with rainfall observed at Mtiil primary school where
an auvtomatic raingauge was iustalled. Among several flood hydrographs,
hydrographs resulting from a heavy consecutive rainfall are selected as
shown in Table A-9, The result of analysis shows a large dispersion of
the peak runoff coefficient. On the other hand, a good relation can be
observed between the rainfall intensity and the time of flood
concentration as shown im Fig. A-16.

4.2 " Estimation of Flood Discharge

Peak flood discharge of the Nakombo, Hingilili, Yongoma, Saseni
rivers and seasonal rivers is estimated by use of the Rational formula
as shown below. ‘
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Qp = 1/346 % To X A vavorass(4:1)

Where Q, = peak flood discharge (m3/sec)

= effective rainfall intemsity for the duration
equal to the flood concentration (mm/hr)

A = catchment area (km?)

Te

. The procedure of calculation is described belows

4.2.1 . Flood concentration time

The flood concentration time 1is given by the sumpation of the ‘time
required for flood to flow out into the river course from the farthest
point-in the catchment area and the time ‘Trequired for flood to flow down
through the river course up to the point to be considered.

Several empirical formulas have been proposed for the estimation of
the flood concentration time. Almost all of them, however, are valid in
the specific region where it was developed. The following equation
proposed in Japan is adopted and coefficients of the equation are
tentatively modified to that obtained from the flood analysis mentioned
in Section 4,1.2.

X re_c X Ad o.l"_.‘l‘.‘." (402)

'1‘p = m
Where TP = flood concentfatidn_time {min,)
m = 242 (see Fiz. A-18)
¢ = 0,433 (see Fig. A-16)
d = 0.22 constant’
re = effective rainfall intensity for .the duration
equal to the flood concentration (mm/hr)
A = catchment area (km?)

4.2,2 Rainfall intensity

In general, rainfall.intenSity can be calculated froﬁ daiiy
rainfall data by using the following formula.

Yy = RZAIt X (t/z’!})l{‘ -.-a--..-'s-o. (4 3)

Where rp = rainfall intensity during t hours (mm/hr)
Roy = rainfall during 24 hours (mm) :
) t = time in hours
K = coefficient (= 1/3)

4.2.3 Probable basin rainfall

{1) Basin rainfall

The average depth of raiﬁfall for a giﬁen durétion in a certain
area generally tends to decrease conversely with the increase of the
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area. The equation mentioned in Section 2.3.4 is utilized for -
calculation of a basin rainfall. The calculated annual maximum basin
‘rainfall is shown 1in Table A-10 and probable basin rainfall estimated by
the Third type of Pearson’s formura is shown in Table A-1l.

(2) Point rainfall

. In order to estimate the drainage'water,requirement from the
cultivated area, a probable point rainfall is calculated. From the
daily rainfall data at the Tia dam site, Gonja estate and Kalimawe
meteorological station, annual maximum rainfalls are extracted as shown
in Table A-12. Probable storm rainfalls are estimated by using the
extracted annual maximum rainfalls and the Third type of Pearson’s
formura. Results are shoun in the following table.

o . g Dl el el e o By YRR D AL (. ol i s e T - S M M. Mt ot . o e e S AT M i AR e i e

Nos . Return Period in Years Recorded
‘ of .

Station - Altitude Data 2 5 i0 20 50 Max.
: (m) (Nos) (mm) (mm) (mm) (om) (om) (mm)
Tia dam site 1,670 21

1 day 95 139 171 203 247 209

2 day consecutive 124 174 209 239 290 258
Conia estate 549 12

1 day _ 80 117 139 159 183 147

2 day consecutive 100 138 163 . 185 221 149
Kalimawe 508 22

I day 56 84 105 126 157 111

2 days consecutive 64 94 117 140 - 184 184

4,2.4 Peak runoff coefficient

Taking into consideration the annual runoff coefficient estimated
in Section 3.3.6 and the peak runoff coefficient calculated in Section
4.1.2 the runoff coefficient of the Rational formula is taken at 0.2 and
0.5 for main stream of Mkomazi river and tributaries respectively. The
effective rainfall intensity can be estimated as follows.

r =I‘xrt ssesso0a (4-4)

= pffective rainfall intensity (mm/hr)
peak runoff coefficient
rainfall intensity during t hours {mm/hr)

o]
2]
7]
(a3
o
1

n

4.2.5 Peak flood discharge

The ro~Tp relationship of each river basin is obtained by the
equation (4.2) and then, the re - t relationship is obtained by the
equation (4.3) and (4.4). The ro, — Tp relationship is shown in Table
A"'l3.
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From these two relations, the value of re in each return period is
obtained., The results are summarized balow..

e s, — it e v T — - -

River Catchment Return Perlod in Years
Area ' '
(km?) 2 5 10 20 50 100 200
Nakombo 48.5 34 53 65 77 97 1100 126
Kambaga (Igoma) . 749.0 64 119 . 17r 208 270 333 395
Hingilili 55.8 54 84 104 127 163 194 235
Yongoma _ (70,5 59 86 108 127 157 184 205
Mkomazi(Kakimawe)1,492,9 141 228 282 353 477 518 580
Saseni 198.5 91" 144 176 203 251 288 320
Other smwall river _ S .
20 25 39 54 69 - 78 108 18
- 10 14 23 31 42 46 64 75

From the above results, the relationship between the peak flood
discharge and the catchment area can also be obtalned as shown in Fig.
A-17. The peak flood discharge of other rivers can also be obtained by
using this relationshiop. ‘
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Table A-2 (1/12) MONTHLY MEAN MAX. TEMPERATURE

Station:: Kalimave Met

(Unit: ¢}
Year Jan, Tob. Mar. Apr. May Jun. Jul Aug. Sep.  Oet..” Now, Dee.
1968 D2t 21,00 208 29.4 0 311 0.6 3L.6
1969 33.3 31.1 32.4 2.2 28.9 28.1 28.6 8.7 30,3 31.2 - L.
1970 32.1 32,9 332 29.9  28.6 - - - 307 32.8 3.3 3.2
1971 32.2 338 - 320 295 W 280 8.2 29.3 - - -
1972 - - - - - 28.2  28.3 29.4 0.6 1.8 - -
1973 12.8  35.2° 361 13.0  29.0 -28.6 28.5 205 0.7 .36 .1 320
1974 33.2  34.0 330 32.0 0.3 BT 2.6 292 30,2 2.4 331 3401
1975 32.7  14.6  34.6 91.8 29.8 2B.2 - 28,7 28.1  29.4 3.8 3.2 321
1976 3401 3.2 3.0 311 28.8  28.4  27.7 28,8 30.5 323 3.5 345
1977 J4.8 35.0 3.4 3.3 30.9 . 20,7 29.2° 28.8  29.8 32,3 2.8 2.5
1978 ¥3.2 4.6 2.3 0.1 8.6 28.1 27.8  29.0 .4 331 328 28.7
1979 3.0 1.5 32.7  31.8  28.6  2T.8 28,2 29.2  30.7 3B INT7 345
1980 7.0 34.7 © 35.6 0.7 0.0 20.2  28.9 28.5 31 326 334 321
1981 4.6 35.5 4.0 3L.3 29.7  20.2 28,7  30.0 3.0 321 342 32.3
1982 4.2 36,1 39,5  3L.8  28.7 20.3  28.7 29.3 _ 3.0 0.8 3.7 IL6
1983 319 BT - - - - -, - - - - -
AveTage 33.5 .4 3.0 317 203 28.5 28,3 28.9  30.4 322 332 323

Table A-2 (2/12)  MONTHLY MEAN MIN. TEMPERATURE

: ' Station: Halimawe Mat

. {Unit: CD)

Year " Jan. Peb. Mar. Apr. May Jun. July  Aug. Sep. Gct. Now.  Dee.

1968 181 16.7 15.6 16.3 ' 20.0 21.0  21.8
1969 23.2  22.4 231 233 21.8  19.9 7.9 16.5 16.8  20.0 - -
1970 223 233 2.8 2.4 20.0 - - - 148 1.1 0.7 2L.3
1971 0.0 19.6 - 21.5  20.3 18.2  16.8 15.5 16.1 - - -
1972 - - - - - 19.0  17.5 16.2  17.5  20.1 . -
1973 21.2 22.4 22.4 22.0 20.3 19.5 16.7 16.2 18.0 19.2 21.35 2.4
1974 2.3 21.5 2.0 21.0 20.1 18.5 17T.6 16.4  16.5 17.4  21.6  21.8
1975 22.0 208 2.6 20,8 19.8 19.2 17.2 159 16.8 17.9  20.5  21.6
1976 1.3 25.4 22,1 2.7 0.4 194 17.0 16.3 171 0.2 257 22.5
1977 22.0 20.5 21,9 2i.8 20.7 18.5 17.7 16,8 16,9 18.7 3L.3  21.9
1978 1.2 21,9 21.6  20.8 19.2  17.9 16.9 - 15.9 17.0 19.8 0.9  20.8
1979 21.0  21.5 21,6 20,9 20.6 18.6 163 16.1 ~ 16.0  19.5 221  20.9
1980 21,0 21,5 21.4 22,31 20.8  18.6 8.0 . 16.6 ° 17.2 18,9 2.1  21.4
1981 2.0 221 21,0 2.9 196 17.7  15.5 169 17.0 199 20,4 217
1982 21.9  21.6 - 22,1 21.0 206 19.3  18.1 16.5 18.8 - 19.9 . 20.9 2.4
1983 20.5  21.9 - - - - - - . - - - -
Average 21,5 21,9 219 21,5 2003 18.6 17.1 16,2 16.% 19,2 21.1  21.5
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Table A-2 (3/12)

MONTHLY MEAN TEMPERATURE

Station: Kalimawe Het
(unit: ¢%)
Year Jan. Feb. Mar. Apr. Haoy Jua. Jul, Aug. Sep. Oct. Nov. bec.
1968 22.7 21.9 21.7 22,9 25.6 25.4 26,7
1‘)é§ 28.3 26.8 27.8 27.8 25.4 23.0 23.3 22.6 23.6 25.6 26.3 27.4
1970 27.2 28.2 28.0% 25.7¢  24.3% 23.7 22.2 22.9 22.8 24.9 27.5 26.3
1971 26,1 26.8 26.8  26.8 249 - 23.0  22.4 2.0 230 24.5 - 260
1972 26.6 26.7 27.8 27.1 24.5 23.0 22.5 22.8 24.1 26.0 26.2 2t1.4
1973 27T.1 '28.8 29.3 7.5 24.7 25.0 22.6 23.0 0.7 6.4 27.3 26.7
197;1 27..3. 27.7 27.0 26.7 25.2 23.6 22.6 22.8 23.4 24.9 27.4 28.0
1975 7.4 27.6 28.1 26.3 24.8 23.7 22.9 22.0 23.1 24.9 27.4 26.9
1976 27.7 29.8 28.1 -26.4 24.6 23.9 22.4 22.6 23.8 26.25  28.1 28.4
1977 28.2 28.1 28.1 26.5 25.8 24.1 23.5 22.8 23.4 25.5 27.1 27.2
1978 27.2 28.3 26.9 25.4 231.9 23.0 22.3 2.5 24.2 26.5 26.7 25.5
1979 26.0 26.5 7.2 26.3 24.7 23.2 - 22,2 22.7 23.3 26.2 27.9 27.7
1930 27.9 27.5 28.5 2tr.9 25.2 23.9 23.6 22.8 24.2 26.3 27.3 26.7
1981 26,1 28.8 7.5 24,8 24.6 23.5 22.1 24,1 22.4 26.0 27.3 27.0
1982 23.1 28.9 28.3 26.4 24.7 24.1 23.4. 22.9 24.4 25.4 26.8 26.5
1983 21.2 27.8 - - - - - - - - - -
Average 7.2 27.9 27.9 26,5 4.8 23.6 22.7 22.6 24.0 - 25.7 7.1 27.0
Source of record: Project prepavation division in Ministry of Water and Energy, Dar es Salaam
* : Revised based on daily records from ¥Water Office, Kilimanjaro.
Table A-2 (4/12) MONTHLY MINIMUM TEMPERATURE
- Station: EKalimawe Met
{Unit: uC)
Year Jamn. Feb. Mar. Apr. MHay Jun. Jul, Aug. Sep. Oct. Xov. Pec. Apnual
1971 20.0 - 15.0 14.0 11.0 12.0 12,0 - - - 11.0
1972 - - - - - 14.0 13.0 12.0 13.0 16.0 - 19.7 12.0
1973 19.0 19.0 20.0 19.0 16.4- 14.6 12.4 13.0 13.3 14.0 18.8 17.0 12.4
. 1974 17.9 19.1 19.1 18.4 13.4 12.8 14.6 12.8 12..0 14.0 19.0 20.0 120
1975 19,1 - 1_8.4 17.3 16.2 15.9 12.4 12.8 12,6 14.4 15.0 - 12.4
1976 17.3 20.0 19.5 18.8 16.4 16.0 11.3 13.7 i3.0 - 16.4 17.¢ 19.0 11.3
1977 19.3 17.9 15.0 19.2 7.3 15.3 14.2 13.0 14.0 15.3 18.4 18.2 13.0
1978 16,4 19.0 12.0 18.0 16.4 14.4 12.4 12.3 13.9 15.0 17.9 15.4 12.4
1979 18,8 19.3 19.9 18.0 18.86 15.0 13.0 13.3 12.8 i4.4 19.9 18.2 12.8
1980 19.5 18.8 19.3 19.0 18.2 14.8 13.7 14.6 13.3 14.8 18.4 14.8 13.3
1981 19.0 20.4 17.9 18.4 15.9 14.0 12.0 14.4 14,0 15.9 15.3 18.8 12.0
1982 19.9 19.0 19.5 17.9 18.0 15.1 14.6 13.5 15.9 15.3 18.4 19.3 13.5
1933 20,4 - 19.3 - - - - - - -~ - - - -
Mean 18.8 19.2. 19.2 E8 .4 17.0 14.7 12,9 13.2 13.3 15.0 17.8 15.7 12.3
ABS 16.4 17,9 17.9 7.3 15.0 (2.8 11.0 12.8 12.0 14.0 15.0 17.0 11.0
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Table A-2 (5/12) MONTHLY MEAN MAX. RELATIVE HUMIDITY

Station: Kaliwawe Met

{tnit: )
Vear Jan. Feb.  Mar. Aprs Moy Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1976 18 76 79 Bl 81 76 81 82 82 79 - 78
1977 77 78 73 7 78 76 76 79 80 79 80 80
1978 82 81 82 82 - 85 B3 83 83 19 B2 83
1979 83 83 85 32 5T 81, 84 8 31 80 82
1980 30 79 79 ) 89 20 82 84 8BS 86 86 85
1981 84
Average a1 79 51 so 81 78 51 &) 83 82 82 82

Table A-2 (6/12) MONTHLY MEAN MIN. RELATIVE HUMIDiTY

Station: Xalimawe Met

. (Unit: %)

Year Jan, Peb. Har. Apr. May Jun. Jul.  Aug. Sep. Oct. Nov. Drec.
1976 28 29 3o 38 44 39 35 32 33 i) - 31
1977 32 31 30 38 36 34 31 34 32 33 36 38
1978 a7 34 47 47 - 39 3% 32 29 28 36 46
1979 41 44 38 39 46 39 36 32 29 28 30 31
19580 - 29 30 24 32 41 36 37 34 31 28 33 19
1981 29

Average 33 34 34 - 39 42 37 35 32 31 29 - 34 37

Table A-2 (7/12) -MONTHLY MEAN RELATIVE HUMIDITY

Station: Kalimawe Mot

(Unit: %)

Year Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1976 33 54 55 60 62 58 58 57 58 54 - 56
1977 35 54 35 57 58 55 54 36 56 56 58 4]
1978 59 58 64 64 - 62 60 59 56 54 59 65
1979 6z 64 §2 61 63 56 59 58 50 55 5% 52
1980 35 54 52 7 63 58 58 59 38 57 59 62
1981 57 ' ' : :

Average 37 537 58 60 62 58 58 58 36 55 38 59
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Table A~2 (8/12) MONTHLY MEAR PAN EVAPORATION

Station: Kalimawve Met

{Unit: mm/day)

Year Jan. " peb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Kov. Dec.
1964 5.8 6.3 6.0 6.1 6.2 6.1 6.1 - 5.9 - - 6.4
1965 - - - ~ - - - . - - -

1966 - - - - - - - - - - - -
1967 . 7.9 8.1 7.9 5.8 4.6 5,6 5.8 6.1 5.3 5.1 6.1 6.1
1968 6.9 6.6 4.6 5.1 4.3 4.7 5.2 5.4 5.6 6.1 1.9 6.3
1969 6.8 5.6 6.0 6.3 6.6 5.7 6.0 5.5 5.9 5.7 5.4 6.6
1970 5.4 5.8 5.0 5.4 5.3 6.1 4.8 5.1 6.2 6.7 6.9 5.5
1971 5.6 6.6 6.3 - - - 5.4 5.3 5.8 6.4 - 6.1
1972 6.2 5.4 6.6 6.1 4.5 5.8 S.4° 3.4 5.6 5.6 4.5 5.7
1973 5.5. 6.3 7.0 6.3 5.6 6.1 5.9 5.1 5.4 5.8 5.5 -
1974 - - - 6.6 5.7 5.0 5.6 6.0 6.0 6.7 6.4 6.8
1975 6.7 1.1 6.6 6.5 5.7 6.5 6.5 6.1 6.2 6.2 7.1 6.4
1976 7.0 7.1 7.3 5.6 5.7 6.0 5.8 5.8 5.4 5.7 6.7 6.9
1977 - - - - - 6.1 6.3 5.0 5.3 6.3 5.6 5.3
1978 5.6 6.8 4.8 4.8 5.4 5.4 5.3 5.1 6.2 6.4 5.9 5.0
1979 5.3 5.2 5.5 5.6 5.3 5.9 5.2 5.2 5.5 6.1 6.6 6.9
1980 6.9 6.1 7.0 6.0 6.2 6.6 6.0 5.6 5.9 6.9 6.1 . 5.9
1981 7.0 1.4 6.5 5.2 61 6.3 5.2 5.2 6.0 6.2 68 6.
1982 6.7 Tod 6.0 4.8 4.7 5.5 5.1 5.5 4.7 5.2 - -
19383 5.5 - - - - - - - - - - -
Average 6.3 6.6 6.3 5.7 5.5 5.8 5.6 5.5 5.7 6.1 6.0 6.1

Hote: Class A pan

Table A-2 (9/12)  MONTHLY MEAN RADIATION (G.B.R.I.)

Station: Ealimave Met

(Unit: mm/day}

Year Jan Feb. Mar. Apr. Hay Jun, Jul. Aug. Sep. Qet. Nov. Dec.
1967 20.8 19.3 - - 8.4  i6.2 14.4 4.2 14.3 14.0 13.6 17.5
1968 15.9 14.3 12.8 15.3 12.5 15.3 14.1 14.6 17.3 16.5 13.7 20.4
1969 17.0 16.3 17.7 17.7 15.2 14.4 14,9 15.0  16.8 7.3 16.4 23.5
1970 4.8  17.8 17.3 16.4 14.0 15.6 12.7 13.2 17.3 18.9 18.1 15.3
1971 15.4 16.3 15.4 6.0 12.8 12.5 12.2 13.4  16.2 16.4 - 14.5
1972 15.9 13.7°  16.2 15.3 1.7 14.5 13.6 14.3 6.0 15.7 15.4 21.5
1973 16.2 15.7 18.0 15.8 13.2 14.1 15.0 14.7 15.6  18.0 17.3 18.2
‘974 7.4 16.3 17.1 15.5 16.0.  13.2 13.3 16.0 15.7 17.3 16.1 17.5
1975 15.1 17, 17.8 5.3 19.3  11.8 14.5 4.1 .15.1 16.0 16.7 17.1
1976 16.3 16.7 16.4 16.5 14.7 14.9 13.7 14.5 15.7 15.6 15.5 17.8
1977 15.4 15.3 15.9 13.9 14,1 13.6 13.9 13.0  14.5 15.7 14.6 13.4
1978 14.7 16.7 14.2 14.8 14.1 13,5 14.0 14.4  17.0 16.2 15.% 12.5
1979 14.8 14.4 16.5 14.8 1.1 13.1 1.9 12.9  14.2 16.7 15.3 16.2
1980 15.6 16.0 16.4  13.5 13.8 13.8 12.7 i.6 14.8 16.6 15.5 15.4
1981 16,6  16.3 14.4 15.6 13.2 14.0 12.5 12.8 14.6 16.3 18.3 14.3
1982 16.5 18.4 16.1 15.0 11.6 13.1 12.5 14.1 13.2 15.5 13.9 15.6
1983 14.8  15.8 - - - - - - - - - -
Average 16.1 16.3 16.1 15.6 13.5 14.1 13.5  13.9 15.5 16.5 16.0 16.9
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Table - A-2 (10/12) MONTHLY MEAN WIND RUN
Station: Kalimawo Met
{Unit: km/day)

Tear Jan. Feb. Har. Apr. May : Jun, Jul, g, Sep. act. oy, Tes,
1967 - - - - 208 222 238 216 138 124 122 137
1968 143 164 117 119 129 166 175 129 108 117 97 il4
196% 148 127 129 45 240 138 195 124 . 109 1¢0 95 142
1970 10% a7 l 111 148 . 179 158 111 95 34 T 119 109
1971 97 97 142 216 299 31l 246 203 YT 192 - 21.9
t972 158 103 B85 - - - - - - - - -
1973 - - - - - - - 135 102 110 136 145
1974 149 153 142 138 114 134 196 144 121 110 145 145
1975 130 143 128 176 . 188 247 208 170 124 113 _129 12¢
1976 136 1346 125 133 197 216 190 155 98 102 113 130
1977 106 103 a7 16-4 184 176 177 133 93 . 104 . 96 102
1978 91 113 82 98 159 178 166 127 135 163 168 139
1979 141 lii 128 .136 ) 203 246 193 136 1M 156 135 182
1980 164 7 145 146 208 200 225 172 137 168 166 221
1981 191 208 122 91 149 179 160 136 134 23T 156 154
1982 174 148 133 8;1 118 142 130 101 72 54 T4 a2
1983 134 119 - - - - . - - - - -
;erage 138 134 120 138 184 197 187 145 il8 121 129 143
Table A-2 (11/12) MONTHLY RAINY DAYS AT KALIMAWE METEO. STATION

(Unit: days)

A-28

Year Jao Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov.  Dec. Anuual
1962 17 8 9 11 5 [} 2 5 3 8 '8 14 90
1963 10 7 10 13 4 5 0 0 2 4 6 13 84
1964 9 3 9 11 3 1 0 2 2 6 5 65-
1965 9 2 4 8 6 o 1 1 4 9 16 63
1966 3 [ 12 1t 7 3 1 1 ] 3 5 59
1967 0 2 6 19 13 1 4 3 [ 11 15 7 87
1968 o 3 22 14 12 & - 4 3 o 6 15 1k 101
1969 5 8 13 7 4 3 1 3 0 8(7) 8(7F 1 61{59)
1970 13(11) 8 12(8) 8(7) B8(5 o0 10) 4(1) 3(2) 1 5 11 74(59)
1971 9 3 6 12000y &( &) S{3 2 ) 0 2 3 11 61(55}
1972 7 & 10{ 7y 11(9) 16(14} © 2( 1} 3{2) s{ 3} 13( 9} 18(1_7) 12{:9) 103(34)
1973 13{10}  8(6) {4y 14(02) 7 1) o 1{oy 0 3 w9y 9(8) T3(60)
1974 3 - 6(3) 3(2) 8(7) s(4) 1 2 1 201 3(2) T(s5) 9 50{40}
1975 6 3 7 8(71) 9 1 1 o 7(6} 3{2) 3{2) 13 61(57)
1976 5(4) 7 T5) 14{12)  T(6) 32y 2 3(2) T(s5} e{ 5 6(3) 6 73(59)
1977 10 6 10 s5(4) 6(4) 2 201 87 65 9(7) 14(13) 17 95(86)
1978 12(x0} 5( 4) 18 17{14) 5 2 0 0 ] 3 .. 17Q15) 20(15) 99(86.)
1979 14 13(:1y 7 13 14(13) 4 3(1y 2 4{3) 6{4) 8 10 98 (90)
1980 w08y 3 7{6) 12(10) 4(3) ¢ 1 7(35) 0 201) 10{ 9 12(:0) 70(58) .
1981 5 3 11{10) 16{13) 6{(>5) 0 0 4(3) 3 5 7 19(15)  79(67}
1982 1 3 2( 1) 12 1411} T( 6} 5 1 5 15(14) 10 8 34(78)
1983 4(2) 6 4 6 1300 (1 - - - - - - 16(29)
Average 7.5 6.0. 3.9 13.4 5.0 2.3 1.6 2.5 2.9 6.0 9.5  10.8 T7.4
(7.0) _{3.6) _{8.2) (10.5) (7.1) (.93 (1.4} (2,00 (2.5) (5.3) (8.9) (10.1} _ (70.5)
Notet Days im ( ) are rainy dayas excluding less than 0.1 mm day (trace).



STATION

RAINY DAYS AT KALIMAWE METEOC.

(more than 5 mm/day)

Table A-2 (12/12)

day)
Dec.

{(Unit:
Nov.

Feb. Mar. Apr. Hay Jun, Jul. Aug. Sep. Oct.

Jan.

Year

1962
1963
1964
1965
1966
1967
1968

11

1969
1970
1971
1972
1973
1974
1975

~n

1976
1977
1978
1979
1980
1981
1982
1983

12
12

11

(2]

4.8

3

3.3 1.5 0.3 1

3.5

3.1

Average

0.8
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Table A-3 (1/6) MONTHLY RAINFALL

St.at.ion:_ Kisiwani Sisal Estate Altitude: 685 m . Registered No. 94_37611

Year Jan. Feb. Mar. Apr. May Jun. Jul., Aug. Sep. Oci. Nov. Ipc. m::‘l
1949 - ~ - _ - - - - - - - - 262.4
1950 - - - - - - - - - - - - 597.9
1951 _ _ - - . - - - - - - - 1,014.7
1952 _ - - - - - - - - - - - 186.1
1953 - - - - - - - - - - - - 8108
1954 - - - - - - - - - - ~ - 408.9
1955 - - - - - - - - - - - 988.3
1956 - - - - - - - - - - - - 684.5
e T
1958 - - - - - - - - - - - . 740.4
1959 - - - - - - - - - - - s = E) B%4
1960 - - - - - - - - - - - - 453.1
1961 61.5 8.1 -25.F  46.0 - - 7.1 - 158 1143 39.3  354.0  1,098.3
1962 649.1 80.7 9.9 535.9 - - - 1.0, 16.2  66.8 253.0  301.8  1,606.4
1963 135.7  15.2  133.4 21,3 - 30.0 - - 7.1 2.3 25%.8 1337 738.5
1964 49.8  53.3 813 130.6 - . - - 2.5 12,8 6.4 59.7 233.4  631.8
1965 58,4 17.8 83,9 135 23.6 - - 10.2 8.9 22.9 101.3 89.1 4296
1966 67.3 0.0 134.0  17.9  27.5 - 6.4 2.0 ] 6.5 43.3  56.0 440.9
1067 5.1 385 51,1 2235 47,3 - 38.2 - 3.1 62.2  88.9 53,5 670.3
1968 0 30.1 3830 130.9  39.4° 19.1 - ~ - 55.9 65.3 82.6 1,056.3
1969 55.2 711 156.3 - - - - - - 42,0 129.0  46.5  S40.1
1970 146.6 114.8 194.3 92.0 5.1 - - - - - 127.0  2m.2 911.0
1971 %0.2 - 68.6 TV - - - - - - - - 23205
1972 - - - - - - - . - 26.6  107.9  116.9  251.4
1973 158.8  109.3 24.1  123.2 19.1 - - ~ - - 214.7 50.8 700.0
1974 19.6 - 73i.6.  125.7 0 31.0 15.5 10.2 0 25.5 29.3 67.1 428.5
1975 63.6 7.1 9.2 34.9  35.3 - - -~ 22.8 - 98.6 - Jar.5
1976 - - - - - - - - - - - - 330.2
1977 - - - - - - - - - - - - 355.%
1978 - - -~ T - - - - ~ - - - - 1,217.9
1979 55.9 67.3 66.1 205.7 120.7 - - - - - C87.6  127.1 -  730.4
1980 102.9 30.5 95.3 41.9 2] 1] 0 7] 0 Q 6.1 101.6 448,73
1981 - - - - - - - - - - - 730.4 739.1
1982 - - - - - - - - - 59.8  204.6 63.5 327.9
1983 5.9 85.2  97.8 0 - - - - - - - - 238.9
Average ’
Lrag—ran) - - - - - - - - - - - - 646.9
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Table A-3 (2/6)

MONTHLY RAINFALL

Station: Kwizu Misaion School Altitude: 1,105 m Registered No, 9438032
Year Jan, Féb..  Mar. Apr, May dun. - Jul. Aug. Sep. oct. Nov. Dec. ,‘;:2:;‘1 0223;_}3!
1961 230 72.8 A3 46.8  29.2 322 3.9 2.3 7.0 125.0 263.8 - 698.1
1962 132.8  44.4 48,2 8.5 5.3 1.0 6.2 1.0 2.3 158 TRT 46,0 185.2  638.5
1963 279.1  46.2  75.6 10.7 931 50.8  12.4 0 8.4 25.2 - - 621.5  731.8
1964 0 2,6 164.2  180.4  11.2 0 0 10.2 4.6 BT.T 4.9 156.9 622.7  398.4
1965 0 93.0 -99.0 2185 259.1  50.8 7.6 17.8  18.4  47.1 46,8  245.5 1,109.6 1019.7
1966 32.4 84,1  211.4 163 118.9 0 o o 2.5 2.5 0 4.5 S11.6  805.0
1967 " 9 131.6 107.0 219.4 155.4 7.9 4.3 32,5 73.4 9.7 140.0  98.2 1,090.9  808.0
1968 6 10.1 210.7 123.3 100.0 84.8 0 0 10.9 78.8 114.5 128.7 = 861.8  B6A.T
1969 129.5 70.6 204.3  43.8  41.7 0 0 36.8 0 162.4 264.3  69.6 1,023.0 @ 848.7
1970 197.5 . 74.7 33.2 . 69.6 1.8 o 0 5.4 14.0 0 90.4 215.7 1,004.3 1,194.5
1971 5.9 o 2.2  BT.L 449 o 30.2 9.9 4.2 5.4 20.1  247.9 $58.8  591.5
1972 41.5  48.8 177.4  38.4 124.9 0.9 6 13.3  47.9  49.2  214.7 129.0 886.0  766.5
1973 138.0  128.0  13.0 130.6  54.4 o 0 114.9 173.2  255.7 360.4  83.5 1,451.7 1,145.0
1974 120.4 21,9 53.2 176.6 - 7.0 100.9  56.0 2.8 - 33.2  24.8B 3.2 671.0 1,239.4
1975 53.5  23.4 240.3 739 447 o 12.8 0 79.4  39.1  6L.O0  T72.5 700.6  459.2
1976 26,6 286.6 103.3  3l.1  46.1  20.5 16.8 6.0 60. 30,7 65.0  87.0 780.2  770.1
1979 164.5 150,7 248.7 310.5 4T.5 - - - - - - - 1,221.9 1,404.6
Average . . .
('61-'76) T78.8 T1.6  131.7 92.2 7.2 21.9 13.0 15.2 37.1 5.5 116.3  121.2 811.0
Station: Tia Dam Site Altitude: 1,670 m Registered No. 9437010
Year Jan. Feb. Mar. APT. !'.a_f Jun. Jul. Aug. Sep. Cect. Nov. Dec. ;ﬁi:il D:lt):;ip
1962 - - - - - - - - - 22.8 388.2 476.0 887.0
1963 160.8 . 91.7 216.0 168.7 = 43.7 - 75.0  15.2  10.1  79.5  69.1 434.B  452.3 2,046.9 1,977.7
1964 '170.4 182.9 260.6 _ 262.% 54.9 5.1 5.1 48.9 10.5 154.9 109.0 390.1 1,634.9 1,957.1
1965 61.3 6.7 78.0 °161.5  63.5 0.5 5.7  16.8 13.8 107.0 4037 275.1 1,193.6 1,061.3
1966 60. 4 69.3 256.2 115.6 65.0 17.8 2.6 5.8 27.8 24.4 103.5 123.6 872.0 1,406.3
1967 12.6 155.5 108.5 493.5 106.2 - 5.3  25.2  22.5  6L.0 143.7 284.6 167.0 1,585.6 1,241.8
1968 1.3 . 131.9 398.7 214.7  82.2  62.7 7.3 10.7 2.0 117.3 340.5 273.7 1,643.0 1,506.8
1969 100.3  110.6 326.2  130.4 46.2 11,1 “1.2 12.2 5.1 99.3  390.9 141.8  1,375.3 1,474.8
1970 242.8  I7T3.1 198.9 145.3 16,6 0 o 5.2 15.3 9.4 153.3 23.1  1,173.2 1,429.4
1971 6.4 19.1 214.5 - 320.2 34,1 6.8 8.9 1.2 22.9  21.6 112.6 309.7 1,142.0 1,073.9
1972 126.8 . 128.3  94.3 = 63.6 1TT.4 0.4 10.2 28.1  $6.1 108.7 435.6 306.8 1,536.3 1,129.1
1973 172.5 ~115.4  7B.T 202.7 9.7 2.6 o 42.1 7.6 29.9  300.0 304.5 1,349.1 1,565.8
1974 95.5  44.1 114.7 2741 52.7 56,7  14.0  12.8 5.4  48.2  187.7 233.2  1,139.1 1,304.4
1975 97,7 79,5 170.4 - 243.6 830 ) 0.5 6.9  47.7  98.7 196.0 230.3 1,254.3 1,198.4
1976 68.9  S7.2  129.7  40.8  49.1 - 1.8 0 - 43,2 1732 144.2 706.1  872.5
1977 110.5  100.1 176.1 115.0  47.4 8.8 9.7 22.7 110.0 86.1 406.4 445.5 1,638.3 1,058.9
1978 211.6° 136.1 391.0° 176.5  38.0 3.4 3.1 3.3 10,3 . 47.1 T5L1595.7  2,367.2 1,911.3
1979 234.4  154.3 180.8 ~420.2 21009  28.0 6.7  2l.4  13.7  76.6 253.1 282.2 1,882,3 2,664.3
1980 190.2  47.0 109.6 142.9  T6.5 0.2 1.3 45.3  27.0  14.9 562.8 309.9 1,527.6 1,25L.9
1981 42,5  10.9 179.5 291.8  49.3 1.3 2.5 5.7 23,0 88.5 174.0 254.0 1,123.0 1,494.1
1982 31.6  21.8 120.8 251.8 . S52.8  10.7 19.0 5.8 125.0 251.8 586.9 170.8 1,64B.8 1,1535.8
1983 171.1  345.9  232.5  533.6  10.8 - - - - - - - $33.9 1,843./
Average
(163-7B1) 129.0 . 95.5 193.8 210.1  73.2  15.0 6.4 16.9 29.9 73.0 303.8 287.0 1,432.1
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Table A-3 (3/6) MONTHLY RAINFALL

Altitude:i 449 m

Registored No. 9438011

Station: ‘Gonja Estate

Year .Ja_n. Feb. Marx. .;\pr- May Jun. Jul. Aug. Sep. Qet. Nov. bee, ':.-t:::[;l OT‘:?F;_E-
1937 - - - - - - - - 1.3 105.% 1425 3780 _
1938 22,5 55.0 . 215.8° 61,0  80.0  26.3 6 0 ¢ 238 173.8  279.3 937.5. 838.7
1939 67.5 0 68.3 815  60.8 3.8 9.3 10,5 13.8 9.8 211.5  44.5 581,10 7924
1940 1038 943 1250 ITT 08 - - 38,1 419 2.0 2853 455 9.y 8579
1941 16.5 25.3 95.5 £0.5 56.3 64.3 26.3 0 26,3 61.8 324.8  168.8 926.4 72;.3
1942 122.3 o 383.8 184.8 150.0  © o 2.8 0 61.B 3243 168.3 1,dm.1 1,420.1
1943 12.5 23.0 81.0  136.3 14.3 9.0 11.8 20.3 0 147.5  140.5  25.8 624,0  863.6
1944 94,3 1.3 46.0 . 319.5 425 25.0 a 2.5 55.0 S54.8 1293 101.3 8717 399.9
1945 42.5 80,0 114.5 29.8  T7.0 0 0 0 1.3 0 85.8  aa.5 1734 607
1946 ¢ 28.8 31.3 1085  10.0 o "o .5 83,3 110.0  40.3  80.8 560.5  397.7
1947 65.0 5.3 136.5 133.5  52.8 5.0 2.5 5 22.5  18.8 76 162.0 682.7 636.7
1948 5.5 5.0 96.5 153.0 14.83 10.0 0 0 45.0 10L.5 2065 T47.8  561.9
1949 o o - - . - - - -~ -~ - ’ 0 3.0
1950 o 0 212.5 157.0 108.3 0 20.8 23.3 .0 198 103.0 130.0  81p.2 3324
1951 63.3 - 76.8 84,8 320.3 98,8 12.3 2.3 1.3 1.8 265.8  T6.5 466.0 1,470.0 919.5
1932 84.5 1043 3148 63.0 85 0.5 7.0 1.3 L0 4L5 360 90.5 7729 1,432
1953 1.0 4.5 126.5 - L17.8 . 363 0 2.8 110 18,0 4.3 90.8 1953 168.5  608.9
1954 31,3 623 9.5 53.0 460 . 0.5 o 8.3 4.5  13.0. - 585 835 420.4 | 3930
1955 44.5 407.8 207.3 3.3 148 275 1.8 7.0 0 5.3 223.5 - 312.3  1,289.1  903.0
1956 327.5 1783 100.0  97.3 15.8 0 o 0 - 27.0 10,0 1645 1345 1,054.9 1,267.0
1957 164.0 26.0  136.0  237.3  104.0 23.5 0 5.0 . 9.3 82.3 - 130.3 - 917.7 1,014.1
1958 40.3  259.0 2.5 848 5.5 2L.3 113 2.8 108 0 147.0  312.5 967.8  720.9
1959 63.8  25.3  35.0  B&.3  4T.0 ] ] o 2.5 136.5 226.0 692.8  T6T.}
1960 103.8 7.5 17TL.8  69.3  20.3 0 0 o 0 7.8 68.0  43.5 92,0 1577
1961 28.0 116.5 1400 98.8 o ¢ 8.8 0 17.8  29.0° 111.6  107.4  331.9 . 403.2
1962 7.0 0 o 0 o 225 o 0 0 153 1133 107.1 - 355.7°  I6T.5
1563 188.6  88.9  47.5  116.9 5.8 22.9 o a 5.1 0 216.6  355.1 1,047.4  TiL.9
1964 40.6  98.3 1430 79.0 7.6 0 o 0 o 28,0  97.8 2d6.3 780.6  940.2
1965 91.9 6.4 107.8 8.6 2i.6 ) 3.6 20.8 1320 343 1058 267.5 681.3 ° -685.8
1966 190.0  K12.1 233.4 .4 25.4 o 0 o 0 0 5.7 - 3nT 4R 9459
1967 o 200.7 737 409 T30 0 25.4 1.4 581 79.3 1849 1723 1,289.7 1,063.6
1968 1.8 303.0 575.1 243.9 116.8  45.8 ) 4.1 5.0 22,8 137.5 174.1 °1,630.0 1;732.1
1969 119.9  73.2  14l.4  67.9 0 0 o 10.5 8.2 31.2  209.3  80.5 742.1  755.5
1970 176.3  T4.1 268.2  24.9 6.2 o 0 4.3 16.3 10,2 107.9  292,2 980.6  891.3
1971 78.7  20.3  135.7 261.5 271 11.2 0.5 o S0 27.4 - T4.5  168.3 805.2  945.3
1972 127.6 1.6 100.B 62,0 85.9 0 0.5 20.6  38.6 57.4  143.2 - 171.3 887.1 785.4
1973 150.0 96.4  29.5  ¥3B.1 409 2.0 o 1.7 1.5 3.3 102.3 © 3.8 893,9 - 84i.4
1974 59.3 311 40,9 131.2  24.0  37.6  1B.4  26.5 6.5 21,0 106.8 119.9  -623.2 - 799.9
1975 75.0 21.8  136.5 18.6 54.2 [} 2.9 ‘2.3 237 14,2 62.6 97.1 508.9  -582.7
1976 6.0 9.5 1891 156.3 7.9 261 L3 7.1 BLT 360 1258 1903 1,080.3 9111
1977 180.9 61.5 8.0 19.1 19.0 1.6 ) 5.6 64.8 38,0 99.3  359.0 912.8  T788.6
1578 2224  Bl.0 9.3 1293 - 36.2 0o 15.2 6 - -0 -10.0 ©338.9 .473.0 1,655.3 1,329.7
2979 245.8 255.4 192,6  216.2 179.6  26.9 0 40,6 18.7  4L.3 99.3 -251.2 1,528.6 1,958.7
1980 2.1 13.8 0 76,5 6.4 13.9 o o 337 0 0 3.9 T156.2 . 706.6  I08.3
1981 " 33,9 38.4 1716  137.4  40.8 0 0 0 11,3 25.1  163,8  313.1 935.4  823.5
1982 3.0 1.5 69.1 147.9 45.9 . 24.1  29.5 0.1  67.4 L62.8 3723 184.2 1,132.8  915.5
1983 183.7 206.6  59.6  S5L.0  82.1 - - - - - - - 383.0

Average :

{+38-81) 8.4 759 137.2 120.0  47.4 103 4 2.7 169 367 43,0 188.6 863.9 1,302.3
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Table A-3 (4/6) MONTHLY RAINFALL

-Station: Ndunge Sissl Estate Altitude: 3323 m Registered No, 9438051
Year - J.an. l?eE, Mar., Apr.. ) May Jun, Jul, Aug. Sep. Oct, Nov. ‘Pec. ',‘;’:’::il OZ:E;(IEP
1966 85.0 - 108.0 - 298,0  45.0 61.0  © 0 7.0 3.0 7.0 59.0 8.0  &01.0
1967 0 - .39.0 110.0 . 342.0 . 90.0 3.6 18,0 1.0 50.0 © 85.0 157.0 168.0 1,093.0  867.0
1968 0 - 190.0 422.0 100.0  45.0 28,0 6.0 20,0 20,0 12,0 15.0 $58.0 1,221.0
1969 $3.0  90.0 125.0  150.0 0 0 o 6 10.0 0.0 218.0 39,0 795.0  475.0
1970 400.0 © 58.0 412.0 21.0  25.0 o 0 o o 5.0  34.0  300.0  1,255.0 1,283.0
1971 75.0  18.0 114.0 1180 6.0 o 0 o o 9.0 18.0 131.0 489.0  670.0
1972 14,6 77.0 .25.0 118.0 . 85.0 0 o 5.0 28.0 87.0 118.0 151.0 835.0  637.0
1973 150.0 164.0  26.0 130.0  53.0 6.0 0 0 0 5.0 1340 - 162.0 830.0  885.0
1974 51.0  46.0 14.0  163.0 35.0 B 0 20.0 a 9.0 52.0  TLO 461.0  630.0
1975 69.0 12.0 125.0 T73.0 15,0 0 0 0 o 19.0 0 202.0 515.0  4256.0
1976 38,0 90.0 1l4.¢ - T0.0 o 28.0 0 24.0 T79.0  43.0 . 25.0 148.0 659.0  664.0
1977 02,0 19.0 23.0 ] 0 0 o 0 2T.0  47.0  53.0 265.0 536.0  387.0
1978 142.0 - 82.0 ' '175.0 177.0  25.0 3.0 o 0 ] 0 275.0 91.0 1,270.0  965.0
1979 . 102.0 218.0 43.0 103.0 112.0 3.0 o 0 0 35.0 35.0- 149.0 800.0 1,247.0
1980 53.0 0 17T.0 1.0 0 ) 0o 35.0 0 0 144.0 - 322.0  397.0
1931 - 18.0 810 99.0 7.0 0 0 0 o 38.0 29.0 236.0 508.0  34%.0
1982 3.0 0 15.1 -151.5  16.0 0 0 0 62.0 110.0 2430 152.2 782.7  560.5
1983 72.4 1160 57.5 1.3 91.5 - - - - - - - M4BT 853.9
Average : . .
(*66-181) 97.4  T7S.1 132.3 111.4  34.9 4.4 1.5 6.4 14.2.  30.6  88.9 167.7 751.7

_Statioq: Kalimave Met Station Altitude: 508 m Registered No. 9438040
Year Jan. Feb. Har. Apr. . May Jua. Jul. Aug. Sep. Oct., Nov, Dec. ?‘]::2:1 0}::1’;;}
1962 2225  61.3  40.1  54.6 2.2 0 1.3 6.4 155 6.5 3.9 178.7  627.0
1963 89.7  57.3  59.3  55.4 4.9 9.4 0 0 5.1 13.5 18l.4 277.0 763.0  514.2
1964 721 550 122.9  90.1 0.9 0.3 0o . 2.8 .8 6.0 LT 15.3 380.0  819.9
1965 29.1 1.3 938 27.6 20,2 0 2.3 7.9 7.9  26.3  54.0 101.9 372.3 - gp2.1
1966 31.5° ¢ 91.0 192.7  27.6  25.0 7.2 0.3 6.1 0.8 6.4  22.1  57.2 467.9  564.4
1967 0 61 12,9 2424 39.2 0.5 9.4 9.7 29.7 © 40.2 749  30.2 515.2  455.6
1968 0 363 203.3  111.9 - 39.7  16.4 2.6 0.9 0 17.9 95.6  48.7 594.5  577.6
1969 19.6  45.4 " T4.5  52.8 8.7 2.6 0.8 9.6 0 34.7  68.5 2.8 320.0 376.2
1970 ‘193.3 1106.5 135.3  51.8  12.0 0 0 1.5 2.3 1.5  19.6 144.6 672.4  g12.7
1971 42.7 9.4 531 . 30.5 8.2, 14.5 2.4 o Y 2.9 1.6 99.7 265.0  326.5
1972 237 68.7 . 28.2  45.4  65.2 o 1.3 5.0 153  44.9 [102.9 70.2  470.8  357.0
1573 84.5  29.7 101 491 53.1- 3.0 ¢ 0 0 13 3.1 35.7 310.6  447.3
1974 35.5 1.7 3.5 184.5 5.0 1.0 5.5 6.2 . 0.8 3.4 5.7 332 286.0  324.8
1975 4.7 5.0 303 164 8.7 0.5 1.6 0 149 115 3.4 830 2431 187.5
1576 1.5 21.8 418  89.5 15.8 6.5 8.1 43 3.2 123 3.7 22.4 277.9  337.4
1977 725 - 38.8° 323 4.6 1003 2.3 L4 12,2 16,6 238 111.0 158.0 5038 249.4
1978 ¢ 138.9 245 282.1 . 91.9  13.2 6.0 0 0 0 7.6 153.0 297.0 1,014.2  B48.6
1579 89.4 232.4 522 ST.1 82.6  19.7 2.0 1.9 119 20,9 157  76.0 662.4 1,007.4
1980 57.4 13.2 32.3 5.4.9 7.6 0 4.2 24.9 11.0 55.2 110.1 370.8 3lz2.1
1981 7.7 8.8 1T.1  117.5 163 0 0 3.9 5.4 42,1 1B.8  84.2 421.8 4510
1982 7.1 37.3 4.2 59.2  50.5 13.1  M.7 1.7  23.7 - 98.6 152.0 106.9 566.0  353.6
1983 4.9 95.1  19.1 °© 25.0  2B.3 6.8 - - - - - - 216.2 5737
Average ) i
('62-'81) 63,6  46.9 -~ 80.9 72.8  25.4 4.5 2.2 5.2 8.4 17.2  53.5  96.3 476.9

A-33



Table A-3 (5/6)

MONTHLY RAINFALL

Altitude: 1,273

Statien: Mtii Primary Scheol WO " Registered No. 9438050
Tear Jan. Fab. Mar. Apr. . May dun. Jul. Aug. Sep. Qet. Nov. bec. ,}\:::?l
1965 - - - - - - - 52.1  I07.7 15.2 . 350.8  361.1 886.9
1966 217.2 157.6 476.5 257.1 26.9 10.4 0 0.3 9G6.2 182 79.5  1,498.6
1967 93.3 344.3 4541 466,01 3212 47.5 45.7T 22.9 9.5 196.4 18T.8 - 116.1 2,386.9
1968 17.8 283.4 3363.4  222.0 252.7 2.5 24.2 26.9 0.4 - - - 4,528.9
1969 - - - - - - - - - - 251.0  251.5 302.5
1970 3947 216.9  329.2 - - - - - 41,9 40.1 ' 4%4.9 C 671.8  2,149.5
1571 250.7 0.9 225.7 0 o Q 0 o] o 108.7 125.8 7Bl.6
1972 400.3  173.9  101.4 97.8 103.8 - - - - - - - 877.2
1973 - - 5.4  158.7 - - - - - - 119.0  70%.4 1,062.5
lor4 - 277 - 18.9 - - - - - - - - 66.6
1932 - - - ~ - - - - - - ®226.5 281.0 519.0
1983 276.5 255%.5 230.0 17.5  124.5 - - - - - - - 904 .0
Averagé : . . .
(166774} 229.0 182.8  290.1 177.2 140.9 15.0 17.3 20.4 2.9 68.4  236.4 330.7 1,193.3
Station: Ibaya ‘Altitude: . 883 m Registered No. 9337104
Year Jan. Feb. Mar. Apr. May Jun, Jul. - -Aug. Sap. Oct. . Nov. . ‘.Dec‘ ?2-2:?1
1968 - 131.4  362.7 202.2 66.7 315 10.2 12.7 0. 18.3 147.5 81.8 ° 1,065.0
1969 2.2 142.2  138.6 28.4 26.6 4] a. 1.3 V] 71.5  308.8 56,7 822.3
1970 262.2 84.3 353.7 3.3~ - - - - 14.0 8.9 85.9 211.6 1,093;9
1971 82.2  12.7 59.1 184.4 350 5.1 8.9 - - - - L - 397.7
Average. . - ’ ) . :
(168-171) 124.2 92.7 236.0 122.1 42.9 12.2 6.4 7.0 4.7 32.9 180.7 116.7 843.7
Station: Mbula Altifude: " 820.m Registered No, .
Year Jan. Peb. Mar. Apr. Hay Jun, Jul. Aug. Sep- Oct. Nov. Dec. ;:'::i}“
1968 3.5 6Lz 2443 - 4.0 264 3.3 - - 5.1 .100.3 - 94.2  593.3
1969 - 50.3 2.4 56.4 6.4 25.4 0 - - 69.8  57.2 7.6 345.5 .
Average ' .
('6B~'69) 23.4 35.8 158.4 56.4 20.3 25.9 1.7 - - 37.5 79.3 50.9 469.4
Station: Dindera altitude: 900 m Registered No..
Year Jan. Peh, Mar. Apr. May Jun, Jul. Aug. Sep. Oct. - Nov. Dec. ;zx:‘m;l
5 a3
1968 0 58.4 349.0 209.2 35.5 28.7 [ - - T.6 61.8 61.3 811.5
1969 - 356 103.4  45.7  24.1 - 25.4 14.0 - - 93.3 . 20.8 364.3
1970 72.4 28.9  103.5 24.9 11.7 - - - 1.5 [¢] 87.4 161.1 496, 4
1971 57.2 2.5 48.3  297.9 39.4 iz2.7 - - - - - - 458.0
Average . .
{"68-"T1) 43.2 31.4  152.3 144.4 27T 22.3 - 14.0 1.5 3.8 81.5 81.1 532.6"

A-34



Table A-3 (6/6) MONTHLY RAINFALL

Station: Mbugayas Pundamilia Aktitude: 800 n Registe}ed No.

Tear Jan. Peb. Mar. . Apr. Hay Jun. Jul, Aug. Sep. Gt Nav. Dec. ;:::‘1‘1
1968 22.9 24.7 307.4 40.r [ 41.1 6.4 - - s} 61,0  13%.2 638.4
1969 5.1 14,8 21.6 ~ 114.3.  52.1 1.8 0 - - - - 33.3 263.0
1970 140 132 0 . 45T - - - - - - - - 72.9
Average ’ : )
{"68-170} 14.0 24,1 - 109.0 66.7 26.1 2L1.5 3.2 - - 0 61.0 85.1 324.8
Station: Kisima- Altitude: 730 o Registered Na,
Year Jan. Feb. Mar. Apr. May Jun. Jul, Aug. Sep. QOet. Nov. Dec. ,’;I:::lil
1968 .- 28.3 291.5 187.9 27.3 23.6 1.5 2.5 3.3 42.0 125.6 32.9 788.4
1969 37.5 38.2 89.0 12.8 13.8 7-2 3.8 21.8 39.2 64.1 183.5 45.7 556.6
1970 62.8 12.7 1.0 7.8 o 12.2 - - - - - - 176.5
Average . .
{'68-70) 50.2 26.4 130.5 92.8 20.6 14.3 2.7 12.2 22.3 23.1 154.6 45.3 507.2
Station: Parane Pripary School . Altitude: 1,350 m . Registered No.
Tear Jan, Feb. Mar. Apr. May dun. Jul. Aug. Sep. Oct. Nov. Dec. ;:‘::;‘1
1982 - - - . - - - - _ %1360 238.5 374.5

1983 54.0 109.5 170.0  28.0 445 . - . - - - - - - 406.0

* Autematic raingauge vas instslled on.23rd November in 1982,
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BASIN RAINFALL

Table A~&4 (1/3)
River: Nakomba Station: Kisivani gauge site Cc.Ar 48,5 }u'na Unit: am
: 1 oct Dsc  Totar . rotal
Year Jan Feb Mar Apr May Jun Ju Aug Sep e Nov L1y o} {Oct,-Sep. )
1962 - =y - - - - - - - - - - - -
1963 240.5 85.1 04.9 124.8 19,7 18,1 5.0 33 29.7 - 248 283.3.375.5  1,334.7 -
1964 88.2 119.7 178.8 141.2 . 22.2  L.7 1.7 716.6 4.0 66,6 884 279.9  1,009.0  1,257.7
1965 72.4 3.7 - 95.9 61.9 35.2 0.2 4.1 X7.5  12.5  57.1 196,13 245,2 804.0 40,3
1966 92.3  94.8 234.8  61.7 3.4 7.0 0.9 2.8 9.3 9.0 118.4 T7.8 747.2  1,040.6
1967 4.1 156.6 T6.1 412,99 81.9 1.8 229 4.8 54,8 94,77 20L.3 "149.2  1,27T1,1 1,033
1968 1.4 206.6 461.1 214.5 968 47,0 - 2.9 5.8 3.3 53,3 198.2 188.2  1,479.1 - 1,484.6
1969 $8.4 Bl.4.192.3  86.3 16,6 . 4.1 0.5 . 10.9 5.9 34.2 248.1 89.1 887.8 936.1
1970 2008 112:2- 225.4 63,7 10,5 0. 0. - 4.2 13.9 -B.6- 109.56 244.0 997.9  1,027.1
1971 67.6 18,3 149.3 -249,1 26,6 0.2 3.6 0.4 7.6 21.8° 76.1 204.7 835.3 894.9
1972 111.3 89.9 87.8 &x.0 113.0 4.1 3.8 2.7 40.9 72,5 233.6 200.9 1,039.0  B)4.6
1973 147.6 . 92.7 42.8 146.1 59,8 2.3 Q. 20.00 3.1 15.9 157.3 269.0 . 956.6 1,021.4
1974 67.7 3L.0 .59.6 186.4 30.6 3I8.4 15.0 18.9 5.3 27.3 118.3 1443 742.8 895.1
1975 78.4 38,3 I3L.8° 92.5 59.9 0.1 1.9 3.5 30.3  4LT O 97.7 138.9 715.0 726.6
1976 85.1 ° 69.7 147.4 108.2 -53.9 14.5 2.6 4.3 48,2 24,2 '123,1 '149.9 841.1 812,2
1977 141.4  73.8 106.6  48.6 - 27.1 4.1 3,4 1z.2 725 5L.T 202.4 357.4  1,101.2 796.9
1978 206.3  90.7 353.0 -139.3 33,3 - 2.0 - 8.9 1.1 3.4 0 2.9 447.0 4BT.10 1,794.0 - 1,449.5
1979 222.1 218.6 167.6 259.7 154.6 26.2 2.5 28.5 16.0 49.9 137.5 235.1 1,518.3 2,05L.8
1980 124.5 24,7 8.6 95,1 3%6 0.} 1.1 . 36.2 . B3 6.6 M3.6 200.0 928.0 828.3
1981 32.8  24.9 166.0 185.4 39.9 0.4 - 0.8 2.5 14.3 48.6 ‘145.4 259.3 920.3 939,2
1982 15.7 18.8 6.4 168.9 48,9 i8.0 23.4 7.4 79.9 182.5 410.1 168.2 1,218.2 910.7 .
1983 158.3 235.8 110.6 48.0 57.1 1.0 - . - - - - - -
(?E:f-sz) 105.0 82.6 157.0 145.6 50,1 1l.0 5.3 11,6 23,2 47.1 195.4 223.2  1,057.0 1,038.4
River: Kambaga {Mkomazi} Station: Njire bridge C.A.: T49 kmz Unit: mn
. . 1 Total
Tear Jan Feb Mar Apr May Jun Jul CAug Sap Oct Nov Dec Tote (0ct.-Sep. )
1962 - - - - - - - - . == - - - -
1963 133.4  65.3 6l:4 72,3 13.8 - 14,3 0.5 0.3 7.3 15.6 174.1 244.9 803.2 _
1964 68.1 68.4 131.5 92,9 18.5 0.4 0.2 36 3.2 15,3 32.8 86.2 521.1 821.4
1965 43.9 2.6 56.4 27.4 21,8 0. 2.7° 1.0 9.2 30.5 75.9 143.5 464.9 349.3
1966 54.0  95:0 2036 324 26,3 ° 5.9 0.3 4T 1.4 5.5 53.9 58.6 541.6 673.5
1967 9.4 33.4 -29.1 287.0 636 0.5 13,4 10.5 36,9 - 519 105.4 63.6 TY7.7 612.8
1968 “0.4  98.0 291.0 1440 T3.0 243 2.9 . 1.9 1.2 2.0 112,2 830 853.9 859.6
1969 44.1  33.4 96,8 58,5 7.9 2.3 G.6 9.9 2.0 359 109.1 24,1 444.6 92,7
1970 191.0 104.4 166.4. 48,7 '16.9  © 0 2.2 5.8 1T 430 179.1 755.2-. - 698.5
1971 5L.2  12:1. 76.1 90,3 i3.1 13,5 . 2,2 0O 0.7 8.9 .2L.0 12L.1 410.2 485.0
1972 49.7  TL.l  46.2 49.6 7Rl 1.7 1.4 9.1 21.7 49.6 12L.7 - 99.5 594.4 474.6
1973 101.5 46,9 16.4 73.3 51,5 2.8 0 3.8 9.5 11,2 57.1 104.9 470.1 . L 567.5
1974 42:%  9.4° 15.1 175.5 10.6 lo.7 8.6 10.9 2.2 8.6 334 58.3 385.8  438.7
1975 55.2 11,0 57.9 23.¥ 359 Q0.4 1.9 0.7 17.8 14.7 22.2 90.5 331.9 304.8
1976 37.7  38.2 - 76.8 102.7 . 28.3 10,6 . 6.5 4.8 46.6 18,4 ° 35,6 63.0 469:3 - 479.6
1977 97.5 €0.6 48.0  11.1 13.3 2.3 ° 1.} -1l.1 30,0 ~ 28.8 “117.3:. 210.8 632,2 392.2
1978 159.5 40,3 300.2 J02.7 19.0 4.6 3.4 I 0 0.3 9.3 211.8 3447 1,195.8 987
1979 128.6 235.1 86,9 '103.4 99.0 21.5 1.7 11.0 - ¥3.5 - 27.1- 41,2 120.7 889.8  1,266.5
1980 71.2 14,3 48,1 62.3. 1.l . 0.0 . 3,2 27.4 0.8 8,7 1:00.7 126,2 483,10 4274
1981 4.5  15.4 131.0° 27,1 22.7 0.0 0O.1 2.1 7.2 39.8  55.4 139.7 555.8 565.7
1982 8.0 .2 22,0 84.5 49.6 15.4 15,8 3,7 36,4 117.3 2135 129.8 723.2 51,5
1983 77.0 127.2  34.4 3.6 40.2 5.1 - - - - - - - -
(eaigay 67T 563 100.0 88,5 332 6.6 3.4 6.5 123 26,1 8.4 1245 6122 6LO
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Table

A-4 (2/3)

BASIN RAINFALL

Unit: mm

River: [ingilili . Statien:  Debouching point C.hr 53,
Year Jan . Feb  Mar Apr Hay Jun Jul Aug Sep Oet Novy  Dec Tetal Totul
: h . {0ct,—Sep.)
1962 w - - - - - - - - 22.8 388.2 "476.0 887.0 -
1963 380.8  9L.7 216.0 168.7 43.7 75.0° 15.2 10,1  79.5 691 434.8° 45213 2,046.9 1,977.7
1964 170.4° 182.9. 260.6 262.5 54.9 5.1 5.1 48.9 10.5 1549 109.0 390.1 1,654.9 1,957.1
1965 61.3 6.7 T8.0° 161.5 . 63.5 0.5 5.7 16,8 13.8 107.0 403.7 275.1 ,193.6 1,061.8
1966 £0.4  69.3  256.2 Il%.6  65.0 17.8 2,6 5.8 27.8 - 24.4 103.5 1236 872.0  1,406.3
1967 - 12.6 155.3 108,5 493.5 106.2 5,3 - 25.2 "22.5 61.0 143.7 284.6 167.0 1,585.6 1,241.8
1968 1.3 131.9 398,71 214,7 . 82,2 62.7 1.3 10.7 2.0 117.3  340.5 273.7 1,643.0 1,506.8
1969 100,37 110:6 326.2 130.4 46,2 11.1 1.2 12,2 ¢ 5.1 $9.3 390.9 141.8  1,375.3 1,474.8
1970 242.8 173.1 . 198.5 7145.3  16.6 O 0 5.2 15.5 9.4 15%.3 213.1  1,173.2  1,429.4
1971 . 61.4 19.1 214.5 329.2 4.1 6.8 8.9 1.2 " 22.9 21.6 112.4 309.7 1,142.0 1,073.9
1972 126.8 128:3 943 63,6 177.4 0.4 10.2 2B.1  56.1 108.7 435.6 306.B 1,536,3 1,129.1
1973 172.5 115.4 TR.T 202.7. 93.7 2.6 © 42,1 7.0 29.9 300.0 304.5 1,349.1 1,56%.8
1974 95.5 44.1 '114.7 (274.1 52,7 . 56,7 14.0 12.8 5.4 48.2 "187.7 233.2 1,139.1 1,304.4
1975 97.7 . 79.5 170.4 '243.6 830 0O 0.5 6.9 47.T .98.7 196.0 230.3 1,254.3° 1,198.4
1976 68.9 57.2 129.7 -40.3 | 49.) ) 1.8 .0 o 41,2 173.2 144.2 T06.1 872.5
1977 110.5 100.1 176,1 115.0° 47.4 8.8 9.7 22.7 110.0 86.1 '406.4 445.5 1,638.3 1,058.
1678 211.6° 136.1 391.0 .176.5 ° '38.0 SR 78 § 3.3 10,3 47,1 751.1 595.7  2,367.2  1,911.3
1919 243.4  154.3. 180.8 . 420.,2 210.9 28,0 6.7 2i.4 13.7 -¥6.6 .253,1 282.2 1,891.3 2,673.3
1980 190.2  47.0. 109.6 142.9 76.5 0.2 1.3 45.3  27.0-° 14.9 562.8 309.9 1,527.6 1,251.9
1981 42,5 10.9 179.5 291.8 49.3 1.3 2.5 5.7 23.0 88.5 174.0 254,0 1,123.0 1,494.1
1982 31,6 21.8 120.8 251.8 . 52.8 10,7 19.0 5.8 125.0 251.8 586.9 170.8 1,648.8 1,155.8
1983 I71.1 345.9 232.5 53.6 30.8 - - - - - - - - -
(?2;3.62) 124.6 91.8 190.2 212,37 72.2 14.8 7.0 16.4 33.2 81.9 318.0 281.2 1,443.4 [,437.3
River: Yongoma Station: Ndungu gauge site C.h.: 70.5 }un_z. Unit:  mm
- . Lo . Total -
Year Jan Peb Har Apr May Jun Jul Aug Sep Oct . Nov Pec Total {0ct.-Sep.)
1962 - - T - - - - - 18,3 223.6  254.7 496.6 C -
1963 269.5 [90.0 - 114.9 "137.6 - 21.0  43.7 6.1 4.0 34.9 . 27.6 303.9 394.0 1,447.2 1,218.3
1964 92.5 132.} 1%0.0 -152.4 - 26.5 2.0 2.0 19,6 . 4.2 T8.8 .102.3 327.8  1,130.2 1,M46.3
1965 79.7 6.3 95.9° 69.8 38.7 0.2 4.4 19.2 13,3  63.4 2250 270.3 886.6 836.6
1566 102.2  95.0 242,5 .68.7 4l.2 7.1 1.0 2.3 11,1 - 9.8 134.8 82.3 798.0 . 1,130.0
1967 ©3.0 - 182.6 B7.6 443.9 86.3 2.1 25.3  15.8 .59.3 105.1 224.8 170.2  1,408.0 1,134.8
1968 1.6 2346 504.5 232.2 103.0 52.6 2.9 6.7 3.9 60.6 218.7 .213.9 1,635.2 1,642.1
1969 T 112,1 . 88,27 215.3--92,9 185 - 4.4 0.5 1l.2 7.0 58.4 23L.9 103.0 995.4  1,043.3
1970 202,9 113.7 24005 . T3.1 - 10.4 O, 0. 8.8 16.0 9.9 126.1 - 260.6 1,062.00 1,110.7
1971 71.8  19.8- 167.2 288.6 - 30.0 9.4 3.9 0,5. 9.2 - 25.1 89.7 224.9 940.1 997.0
1972 12713 94.) 98,2 62.6 122.5 4.7 4.4 23.6. 45.6 7.9 260.2 223,53 1,146.8 922.9
1973 159.0 104.0 - 49.2 163.9 6L.7 2.2° 0. 23,9 3.7 16.9 18k.4 310:1 1,076.0 1,13L..2
1974 T73.8 . 36,3 70.4 188.4 © 33.5 45,2 16.6 2.0 6.1 . 31,9 139.2 165.2 829.6 1,001.7
1975 84,1 44,9 '150.1 108.6 ~ 65.7 0. 1.9 4.1 33,3 48.0 116.0 150.4 807.1 829.0
1976 C97.2 TT.B 165.3 130.1 60.4 15.7 1.6 4.3 4%.0 38.1. 144.8. 171.9 936,2 895.8
1977 152.7°.76.9 120.B  57.5. -30.4 4.5 3.9 12.4 82.9 57.2 222.1. 393.6 1,214.9 896.8
1978 218:1-'103.0 366.0 148.2 16.9 1.4 10.4 1.3 4.} 24,8 503,8 522.1 - 1,940.1 1,562.3
1979 245.4 215.0 187.9 297.8 168.1 27.3 . 2.7 32.9 - 16.7 55.4  160.8 263.6 -1,673.6 2,244.5
1980 137.3  27.%t 89,8 103.0 38.9 . 0.1 0.5 383 0.8 6.0 1365.3 217.7 1,033.0 925.6
1981 3703 27.40 1T4.8. 199.2°  44.2° 0.5 1.0 2.3 16.0. 50.5 167.9 289.5 1,010.4 1,09L.9
1982 17.4 15.6 89,8 189.5 48.7 18.7 25.3 8.4 90.4 198.4 458.1 178.8 1,339.1 1,0iL.7
1983 178.7 262.3 128.8 52.0 61,6 - - - - = - - C - -
Jeagay M43 B2 1710 1594 544 121 5.7 1.0 25,9 522 2214 2469 L,165.6 1,148.7
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BASIN RAINFALL

Table A-& (3/3)
. 2
River: Mkomazi Station: Kalimave dam C.dut 1,492 km™ Unit: mm
2
¥ cJ 1A s get N De Total . letol
Tear Jan Feb Mar Apr Hay un Ju ug ep < now ¢ ota {Qct,~Sep.)
1962 - - - — - - - - - 9.8 89.3 199,2 298.1 -
1963 1319.6  66.5 - 74.5  78.3 16,3 -13.9 1.7 L1 13.3  17.3 215.3 309.6° 952.6. 708.7
1964 77.6  76.5 141.5 1W07.2 8.0 .0.8 0.6 . T.4 3.9 26.1 -36.3 102.6 588.5 965.7
1968 43.3 2,8 94,4  39.1 25.2 g.1 2.9  1l.1 .4 36.5 101.3 149.1 515.2 393.3
1966 51.4 92,2 206.6 38.9 . 29:5 : 1.1 0.5 5.0 3.6 7.3 53.8 - 64.1 560.0 721.7
1967 1.4  55.6  33.8.298.7 66.7 0.9 .13,9 1i.4  38.0 58.2 116.7 . 69.4 T764.7 645: 8
1968 0.4 92.3 28B.0 145.6 T1.9 26.5 3.4 2.5 1.1 29.7 '129.7  94.8 885.9 -806.6
1969 45.5  57.3 113.6 63.9 11.3 30 0.7 10.0 2.0 41.2 127.9 . 31.3 507.8 561.6
1970 195.9 111.2 164.9 S57.5 1l.5 0. 0. 2.4 6.1 3.8 49.3 172 779.8 749.9
1971 50,9 12,3 84,9 102.6 14.3 131 2.8 0.1 2.5 9.1 26.2 - 134.5 453.3 513.8
1972 527 13.7 47T.8 - 350.2 811 1.3 0 2.1 10.2 23,7 0 54.0 146:3 113.4 658.8 514.9
1973 105.3 30,5 20,9 8l.1 . 55.4 2.8 0, 6:6 1.0 12,8 'T4.2 112.5 524.0 637.%
1974 46,1 11.4 22.1 85.3 . 13.5 13.3 8.6  1l0.4 2.3 113 42,9 69.9 437.2 313.3
1975 57.8 16.1 63.8 41.8 39.0 0.4 1.7 1.2 2.0 2.6 3407 101.6 9.5 3%3.7T
1976 37.0 3.5  76.5 95.5 28,3 9.1 6.3 4,3 0 414 19.5  43.1 64,3 462.9 493.9
1977 g5.1 63.8 56.9 19.2 15.9 ~ 2,9 2.1 12.2 35.1 . 33.1 1415 223.8° 701.5 130.0
1978 161.1 46.4. 305.3. 107.6 19.8 = 4.7 . 2.9 0.4 1.1 12.4 250.4  359.8 1,272.0 1,047.8
1979 133.1 227.7 0.2 124.5 106.4 21.8 2.2 10.6 13.3 30.3 56.0 128.5 944.8  1,;352.4
1930 9.6 17.0 51.9 68.2 16,3 0. 3.2 28.6 3.0 9.6 141.4° 139.9 558.7 482.8
1981 16,0 14,1 133.2 140.1 24.1 0.1 0.3 3.4 8.3, 44.3 60.5 141.8 586,2 630.5
1982 9,9 31.2 28.1 95.5 50.0 14T  15.5 3.6 42.3 126.4 237.3 127.1 781.5 337.3
1983 30.2 141.6 49,5 32,6 37,7 4.9 - - - - - = - -
(?ggflaz) 70.0 37.% 1049 97.1 3.3 7.1 3.6 7.1 13,5 30.2 1043 135.8 666.7 653.7
River: Seseni Station: Gulutu gauge site (1DB24) C.A.r 192 o Unit: mm
Tear Jan Feb Mar Apr ¥av Jun’ Jul Aug Sep - Oct Nov Dec " Total. (Oci?f;ip.)
1962 - - - - - - - - — °13.3° 127.6 188.2 329.1 .
1963 183.3 7.9 T77.0 102.2 14.8 25.9 2.3 1.5 16,3  15.2 236.7 3416 1,094.7 830.3
1964 71.4  95.4 193.4 98.0 12.3 = 0.9 0.8 8.3 2.9 39.1 68.1 204.3 7354.9  1,036.9
1965 64,7 4,6 98.3. 38.4 27.4 0.1 3.4 15.6  11.3 42,3 131.8 209.0 646.9 575.3.
1956 84.1 98.1 222.2 45.6 3L.2 5.3 11.7 3.1 4.5 6.0 99.8 65.9 G1T.5 888.9
1967 1.9 123.9 S57.0 362.6 73.0 1.0 196 12.5 48,3 T4.9 160.3 120.3 1,055.3 871.5 .
1568 1.1 181.4 414.8 192.0 91,1 37.8 2.4 3.9 2.8 35.2 152.9 143.9 1,259.3 1,282.8
1969 80.9 ' 68.8 145.0 71.8  10.1 2.6 0.5, 10.4 4.8 42,3 185.9 61.7 684.8 726.9
1970 192.4 102.1 210.0  52.6 9.8 0. 0. 3.4  11.1 6.9 82.9 227.2 - 898.4 871.3
1971 63.1  16.2 '117.8 188.5 21.3 - 1L.7 2.4 0.2 3.4 17.7- 54,0 -164.8 661.1 T41.6
1972 90.1 79.1 73.7  56.3  92.2 3.8 2.2 16,1 32.8  60.6 172.6° '155.2 834.6 682,71
1973 129.8 © 75.2  29.9 11%.8 2.9 2.4 0. 12.0 1.8 12.6 107.4 212.3 F52.2 808.3
1974 56,2 22.5 38.5 1718 21.5 27.3 131 17.1 4,3 18.7 B2.5 105.7 579.2 704.6
1975 68.6 24.4 103.4 SL6° 49.3 0.2 2,1 -2.2  24.1 23,9 61l.3 112.0 525,0 532.7
1976 72.0  61.3 127.2 114,9 463 15.1 3.9 5.0 53,8 - 28.2 :89.0 122.9 739.7 698.8
1977 1313 66.3  79.2  28.3 20.1 2.9 2.0 10.5. 54.2 - 40.1 '149,6 299,6  884.2 635,0
1978 190.7 68.9 331.4 122.9 28,2 2.7 7.9 0.5 1.5 14,7 333.8 - 428.0 1,931.3 1,244.1
1979 189.6 232.0 140.3 189.7 ‘129.8 24.5 1.7 23.8 15.5 39.3  92.3 192.8 1,271.2 1,723.3
1980 99.2 18,6 67.4 78,6 21.0 0. 1.7 32,3 4.1 - 6.2 218.9 162.7 710.7 647.3
1981 25.8  23.6 154.2 153.4 333 0.2 0.4 2.3 10.9  40.7 1I3.1 221.8 T18.6 790.8
1982 11.2 22,3 53.5 ‘131.6 48.6 18.1 21,5 6.4 60.3 153,0 325.2 154.4 1,006.2 749,2
1983 130.8 187.4 71.0 42.0 55.0 2.4 - . = ~ - - i - -
(*Egﬁ'az) 90.4  73.2 134.6 118.3 417 9.1 4.9 %3 18.5 36.0 145.9 185.3 867.1 8521
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Table A-5 RECORﬁ OF.MONTHLY MEAN DISCHARGE

River: Mingilili Station: Kiruka {10B18) Gohvr 315 kot Units m /seo
Ioar Jani.  Peb. Mar. . Apr. Msy - Jun. Juli Aug.  Sep. Oct. Nav. Dec. Ave. O:Iff;§:.
1963 2.47 0.98 0.69  0.82 D0.60 0.45 0.3 0.30 0.2 0.24 0.98 1.66 0.82
1964 1.60. 0.90 0.97 1.04 0.95 0.6 0.48 0.39 0.30 0.31 0.34 1.6l  0.79 0.85
1965 0.78 0.42 0:40 0.44 0.33 0.26 0.24 0,22 0.19 0.23 0.50 1.29  0.44 0.46
1966 0.56 0.55 0.73  0.78 0,54 0.43 0.35 0.27 0.22 0.22 0.38 0.56  0.47 0,54
1967 0.23 0.37 . 0.28 0.78 0.61 0.42 0.34 0.26 0.26 0.28 0.97 0.83 0,47 0.39
1968 . 0.42 0.36 156 1.37 -0.93 0.72 0.53 . 0.43 0.35 037 0.67 1.44  0.76  0.73
1969 0.81 .0.88 2,26 1,68 0.93 0.62 0.47 0.39 ©0.31 0.31 0,91 1.19 0.9 0.90
1970 0.92 0.0 1.17 1.54 0.94 0.63 0.48 0.39 0.33 0.24 0.57 0.89  0.75 0.81
1971 0.36 0.35 0.44 0.80 0.64 0.42 0.35 0.30 0.25 6.23 0.27 1.23  0.47 0.47
1972 0.84 0.33 ©0.46 0.35 0.55 0.33 0.28 0.25 0.24 0.26 O0.78 1.52  0.53 0.46
1973 0.15 0.5 0.49 0,67 0,64 0.42 0.34 0.3l 0.26 0.23 0.8 191 G2 058
1974 0.7¢ 0.48 0.50 0.93 ©0.81 0.55 0.44 0,38 0.30 0,30 0.50 1.56  0.62 0.67
1975 0.99 0.69 0.9 0.94 0.86 0.65 0.35% 0.31% 0.48 0.47 0,72 110 0.1 O.71
1576 0.68 0.53 0.62 1.04 0,69 0.58 0.7 0.47 0.42 0.44% 0.41 0.4l  0.56 0.65
1977 0.83 0.38 0.56 0.64 0.55 0.40 0.31 .0.26 0.26 0.22 0.77 2.7 0.6 0.45
1978 1.81 .1.30 LT76 1.91 1.15 ©0.79 ©.77 0.86. 0.7T4 0.64 2.35 5.10  1.60 1.19
1979 2.85 2.27 © 1.B3 2.86 245 1.91 0.76+ 1.16 0.99 0.87 1.00 0.81  1.63 2.10
1980 0.46 . 0.76 0.30 0.43 0.34 0.26 0.22 0.20 0.46% 0.15 0.73 0.87 0,40 0.48
1981 0.40 0.26 0.30 0.51 0.4 0.30 0.15 0.1 0.7 0.17 0.7 0.33  0.27 0.36
1682 0.75 0.4 0.4) 0.8¢ 0.60 0.48 0.45 0.40 0.42 0.75 1.41 1.9 0.75 0.46
Average 0.97 0.6% 0.86 1.03 . 0.78 0.57 0.40 ©0.38  0.36 L0330 0.7 1.39 0.71

*: Iaterpolated by discharge of Saseni river

River: Saseni Station: Gulatu [1DHZA)} C.A.: 192 km2 Unit: mjlsec
Year Jeh. . Feb.  Msr. Apr. May  Jum. Jul. Aug. Sep. Oct. Nov. Dec.  Ave. oiiffggz.
1963 25.4%  1.55% 1.68% 1.98 1.33 0.87 0.72 "0.44  0.40 0.35 2.09 4.26 .38
1964 476 2,13 B.7T 3.8 2,46 1,30 0.73 0.40 0.42 . 0.45 0.34 2.0  2.30 2.57
1965 2.04 0.82 1.20 1.05. 0.54 0.41 0.32 0.28 0.20 0.26 0.95% 6.77 1.24 0.86.
1966 2.69 3.28 - .3.14 23.11 1.46 1.20 0.83 0.53  0.41 0.45 1.00 1.78  1.66 2.05
1967 0.55 1.60 1.18 3.18 2.84 1,17 0.75 0.53 0.58 ©0.63 2.63 2.49* 1.51 1.30
1968 0.7 0.96. 3.62 5.44 1.B9 1.33 O0.75 0.46. 0.29 0.24 0.9 6.42 1.9 1.74
1969 4.62 5,37 45T 4.55 1.92 1,15 0.74 0.54 0,35 0.47 1.83 3.55 2.47 2,62
1970 3,16 5.81 7.56 6.33 2,68 1,36 O0.87 0.59 0.42 0.34. 2.61 4.9  3.01 2.89
1971 215 1.73 1,15 2.04 1.21 0.73 ©0.51 0.34 0.29. 06.26 0.58 2.46  1.12 1.46
1972 1,30 2.02 .1.90 2.13  1.87 1.24 0.77 0,52 0.52 0.21% 0.49 3.1% 1.5 1.46
1973 2.48 1.71 1.34 1.89 1.50 0.85 O0.58 0.37 0.30 0.28 1.74 319 1.35 R
1974 1.67  1.19 1.52 1.81  1.49 0.63 0.6 0.32 0.24 0.19 1.50 5.05 .34 1.21
1975 278 1.03 1.88° 1.48. 11T 0.60 0.40 0.30 0.27 0.1% 0.85 3.31 1.9 1.39
1976 3.20 2,67 3.78 5.83  2.47. 1.48  1.69 0.74 0,80 0.66 0.46 1.61  2.07 2.20
LI7T 3,64 0 1.70 3.93 2,39 .36 0.86  0.59 0.5 0.44  0.49 1.58 8.23  2.13 1.50
1978 6.66- 3.15 11.02 7.00 2.90 1.80 1.43 0.88 0.6) 0.54 3.08 15.88 4.58 3.81
1979 B.6L “11.37°  5.45 5.72 5.20 . 3.3 2.06 1.55 1.23 0.9} 176 214  4.11 5.33
1980 264 207 2.3 357 2.3  1.63 1.28 1.07T 0.7t 0.49 1.54 .67 2.4 i.83
1981 2.95 1.86 1.35 2.65 1.62 1.14 0,83 ©.70 0.66 0.75 1.03 7.24 1.9 1.96
1982 4.36 1.4%. 1.43 2.56 1.86 1.08 0.96 0.85 0.82 1.53. 5.28 7.43 2.47 2.03
Average 4.39 2.76 3.43 3,39 2.0l 1.21 0.8 0.60 ©0.50 0.49 1.62 4.99 2.18

*: Interpolated by discharge of Hingilili river
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"Table A-6 ESTIMATED MONTHLY MEAN RUNOTY AT KALIMAWE DAM

‘River: Miomazi . Station: Kalimawe dam Total Catchment Avea: 1,492 ko? Unit: mafsgc
Yeur Jan Peb Har .Apr Moy Jun Jut Aug Sep Oct Nov Dec Ava, Octi‘gep
1963 15.3%  §,18%  2,69%  3,09%  2.33% L.77H 1.49% 1,17%  1.08% 0.98%  3.43% 1,60 3.2 -
1964 3.21 331 1,70 4.09*  0.48 .08 0.72° 0,59 0,35 .03 0.13 @30 1.36 1.80
1965  3.96  0.24 L.86%  1.85% 1.31*  1.24% 0,32 0.53  0.80 0.95  0.35 4,93 1.53 1.07
1966 4.53 1.79 2.62 1 172 .60 107 2.28 0.58 Q.42 0.25 Q.38 2.3  2.80
1967 0.25 0.6 0.83 5.74 3.16%  1.88% | 46% 1.15% 65.8  © 3.63 ° 0.76° 3.63°  T.4l  6.83
1968 1.66  0.31  5.04  30.4 14,3, 12,2 0 533 404 080 0 20440 238 2,43 T.36 0 7.4
1969  13.0 12,1 2.4 T0.2 62.0  26.4 11.3 3.86 3.10 2.41 2.03 4,36 - 21.10 30.97
1970 5.49 10.2 12,3 42.9 - 8.55 3,46 2,60 0.93 0.53 '0.44 ° 0.89 17.7  8.83 " 7.98
971 11.30 3.19 0.38  0.87 2.33%  1.61% 0.80  0.51 0.96% 0,89% 1.20% 4.05% 2,34 3.42
1972 3.81%  0.56 2.37%  2.20%  2,53%  1.74*  0.30 1.1 1.09% 0.93% 2,20%° " 4,89%  1.99 1.83
1973 5.51 2.82 181 " 1.64 1.4T 0.75  0.58  0.40  0.28  0.91% 2,94 5,510 2,05 1.94
1974 2.33 6.73 2.62  0.89 3.66 ©2.70  2.29 1.05 0.68 0.40° 0,32  3.57 2.10 2.53
1975 4.82 L2200 3.24%  3.05%  2.73%  2,01%  1,26%  1.10% CL46% 0 1.39% 2,29%  4.25% 2,48 2.18
1976 3.4T* 2.93% - 3.67*  5.36% 4,57 3,33 2.19 2,59 1.8 048 0.3 - 0.7 2.70°  3L.A
1977 6.1 13.91 577 3.97 1.56  0.39 © 0,38  0.26 0.06 1.03% 2.'7_8* 8.13*  3.67 . 2.82
1978 33.0 12.4 19,1 78.8 9.79 3.32 347 3.06 2.34 1.12 - 2.40 0.8 -19.97 14.77
1979 20.4 21.9  10.6 12,12 9,40 2.29 2.33  0.47 - 0,58 . 0.54 1.36  2.67 . 7.08 - 12.87
1980 3.47 2.5 0.69  0.77 1.00  0.42  0.7T6 0.79 1.68% 0.87% 2.69% 3.74% 1.62 - 1.41
1981 7.46  1.36 0.27 4.66 4,93 290 172 0.8 0.74  0.67 0.29 2,95 © 2.35 - 2.84
1982 7.12 2,83 1.63 1.18 1.55 - 1.27 0.83 0.49 0.43  0.38 1.78  30.8 4.19 1.77
1983 14,1  10.4 7.62 565 .65 - = - - - - -

Ave . . :
(63-82) 7.71 6.41 5.28  13.8 7.07 3.7 2.19 1.314 4.4 1,06 1.36 8.87 -5.29 5.27

x : Interpolated from the basin rainfall S . ' ) )

Table A-7 (1/5) ~ESTIMATED MONTHLY MEAN DISCHARGCE  OF NAKOMBO_ RIVER

River: Nakoikbe Station: at Gauging Station . _C.A.: 48.5 kniz Unit: '.J{s'ec'

Year Jan. Feb. Mar. Apr. May Jun. . J’ul. -Aug. Sep. Oct. Nov. Dec. Ave. Qt:ff;g;‘
1963 2.81 1.12 0.78 0.93 0.68 -0.51 0.4l 0.34  0.30. 0.27 1.11 1.89  0.93 o
1964 1.82 1.02 1.10 1.18 1.0 ©0.71 0.54 0.44° 0.34 . 0.35  0.38 1.8)  0.89 0.96
1965 0.88  0.47 0.45 0.50 "0.37 0.6t 0.27 0.25° 0.21 ©0.26 0.58 1.46  0.50 0.55
1966 0.63 0.62 0.83 O0.88 0.61 0.48 0.39 0.30 . 0.25 0.25 0.43 0.63  0.53 0.60 .-
1967 0.26 0.42 0.70 O.BB 0,69 0.47° 6.38 0.29 0.29 0.7 110 0.94.  0.53.  0.44
1968 0.47  0.41 L77 1.56 1.05 -0.82 0.60 0.48 _0.39 0.42. 0.76 1.65 . 0.86. 0.83
1969 0.92 1.00 2.57 1.91 1.0'5' 0.70° 0.53 - 0.44 7 0.35 0,35 1.02. 1.35: 1.02 1.02
1970 1.04  1.02 L33 LYS LT Q7L 0.54 044 0.3T  0.37 064 1.01 0.85 0.92
1971 0.41  0.39 0.50 .91 0.72 0.47 ©0.39 . 0.34° 0.28  0.26 0.30° 1.40 . 0.53 0.53
1972 0.95 0.60 0,52 0.39 0.62 0.37 0.3 0.28 0.27 0.29 . 0.85 1.73 0.60 0.52
1973 0.85 0.64 0.55 0.76 0.72 0.47 0.38° (.35  0.29 . 0.26 0.92. 2,17 0.70 0.66
1974 0.82 0.54 0.56 1.05 0.92 0.62 0.50 0.43 0.34 0.34 0.56' 1,77 . G.TO 0.76
1975 1.I2 078 1.05 1.07 0.97 0.74 ©.39 0.3 0,54 0,53 0.8 1.25 0.8 - 0.81
1976 .77 0.60 0.70° 1.18 0.78 0.66 0.53 0,53' 047  0.50  0.46  0.46. 0.63 G, 74
1977 0.94 0.43 0.63 0.72 0.62 0.45 0.35 0.29 0:29 0.25 0.87 2.47 . 0.69 0,51,
1978 2,06 1,48 2.00 2:17 1.30 0.89 0.87 0.97T 0.84 0.72 2.67 5.81 1.82 1.35
1979 3.24 2,58 2,08 3,25 2.7% '2.17 0.86 1.32 - 1,12 0.99  1.13 0,92  1.87 2.18
1980 0.52 0.41 0,34 O0.48 0.38 0.29 0.25 0.22 0.52 O0.17. 0.83 Q.93 0,45 0.5
1981 0.45 ©0.29 0,34 0.58 0.45 0.34 0.17 0.2 0.19 0.19 0.19 0.37  0.30 0.4
1982 0.84 0.54 0.48 0.94 0,67 0.54¢ 0.50 0.45 0.47 0.84 1,57  2.18  0.B4 0.52
iverage 103 O.77 0.94 1.15 0.88 0.65 0.46 0.43 0.41 0,39 0.86 1,61  0.80
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Table A-7 (2/5)  ESTIMATED MONTHLY MEAN DISCHARGE OF HINGILILI RIVER

River: Hingilili- ‘Station: ot Debouching Point - - C.h.i 53,8 kno Unit: w/soc
Year Jen.  Fob. Mor. Apr. ﬁay “Jun, Jul. Aug. Sep., Oct. Now, Dec. Ave. 0:?_‘_35:
1963 4.7  L74 1.22 1.45 1,06 0.80  0.64 0.53 0.48 0.43 1.74 2.94  1.45
1964 2.83  1.59 172 1.B4 1,68 1.12 0.85 0.69 0.53 0.55 0.60  2.85 1.40 1.50
1965 . 138 0.74 071 0.78 0.58 0.46 0.43 0.39 0.34 0.4 0.90 2.2¢  0.78 0.82
1966 0.9 0.97 129 1.08 0.96 0.76 0.62 0.48 0.39 0.39 0.67 0.99  0.83 0.95
1967 © 0.41  0.65 0.50 1.38 1.08 0.74 0,60 0.46 0.46 - 0.50 1.72  1.47  0.83 0.69
1968 0.74 0.64 2.76 2,43 1.65. 1.28 0.94 0.76 - 0.62 0.66 -1.19 2.55  1.35 1.29
1969 1.43 1.56 4.00 2,98 1.65 1.10 0.83 0,69 0.55 0.55 .1.61 2.1  L.59 1.60
1970 163 1.59 2.07 2.73 1.66 L1.12 0.85 0.69 0.58 0.42 1.01 1.58 .33 1.43
1971 0.64 - 0.62 0.78 1.42 1.13 0.74  0.62 0.53 0.44 0.41 - 0.48 2,18  0.83 0.83
1972 1.49  0.94 0.81 0.62 . 0.97 0.98 0.50 0.44 0.42 0.46 1.38 2,69  0.94 0.82
1973 . 1.33 0 L.01  0.87 1.19 - 1.13 0.74 0.60 0.55 0.46 0.4k 1.43 3.38  1.10 1.03
1974 1.28 0.85. 0.89 1.65 1.43 0.97 - 0.78 0.67 6.5 0.53 0.88 2,76  1l.10 119
1975 . L.75 1.22 . 1.65 1,67 1.52 1,15  0.62 0.55 .0.85 0.83 1.28 1.95  1.26 1.26
1976 1,20 ©0.94 1.10 1.84 1.22 1.03 0.83 0.83 0.T4 0.78 0.73 0.73 0.9 1.15
1977 .47 0,67 0.99 1.13 0.97 0.7L ° 0.55 0.46 0.46 ‘0.3 1.36  3.84  1.08 0.30
1978 3.21 02,30 0332 338 2,04 240 1,36 152 131 113 416 9.03  .2.83 2.10
1979 - 5.05  4.02 - 3.24  5.07 4.3¢  3.38 ©1.35 2,05 1.75 1.54 1.77 1.43  2.92 3.71
1980  0.B1  0.64 0.5 0.Y6 0.60 ©0.46 0.39 0.35 0.81 .0.27 1.29 1.54 . 0.71 0.84
1981 0.71 0.46 0,53 0,90 0.71 0.53 0.27 0.13 0.30 - 0.30 ©0.30 0.58  0.48 0.64
1982 1.33  0.85  0.76 1.49 1.06 0.8 0.80 0.71 0.74 1,33  2.50 3.47  ..32 0.81

iversge 1.70 1,20 1.48 1.80 1,37 1.00 -0.72 0.68 0.64 0.61 1.35 2.52  1.26

Table A-7 (3/5) '~ ESTIMATED MONTHLY MEAN DISCHARCE OF YONGOMA RIVER

River:. Yongoms .. Station: &t Gauging Station C.A.: TO.5 Emlz Unit: mB/sec

. Tear Jaxn. Peb. Mar. Apr. May Jun. Jul.  Aug. Sep. Cet. Nov. Dec. Ave. O’::ff;g;.
1963 .42 175 1.08  1.27 0.91 0.66 0.53 0.4 0.37 0.33 1.47 2.62  L.57

1964 2.64 139 2.65 1.73 1.50 0.94° 0.67 O0.51 0.46 0.43 0.4 2.28  1.30 1.4}
1963 1.24  0.62 0.66 0.68 0.47 0.36 0.33 0.30 0.25 0.30 0.74 2.65 0.72  0.67
1966 1.1 1.20 1.38 1.4 0.86 0.69 0.54 0.40 0.32 0.33 0.60 0.94 0.82  0.97
1967 0.36 0.70  0.52 1.44 109 0.68 0.51 0.39 0.39 0.43 155 1.37 0.79  0.67
1968 0.6 0.50. 2.39 2,50 138 1.04 0.73 0.56 0.4 0.45 0.93 275  1.19  1.13
1969 1.73 1.94 3.34 2,69 1.38 0.%0 0.66 . 0.53 0.41 0.43 1.34 1.95 1.44 1.48
1970 1.5% 2.04 2.66 2.85 1.53 0.95 0.69 0.54 0.44 0.33 110 1.78  1.38  1.42
1971 . 0.79 "0.70 0.0 - 1.26 0.93 0.60 0.48 0.40 0.33 0.30 0.4 1.81 0.70  0.78
1972 153 0:95 0.85  0.77 0.95 0.59 0.45 0.37 0.36° 0.3 0.96 2.27 087  0.78
1973 .28 0.94° 079  1.09 0,98 0.62 0.4 0,41 0.3 0% 1L.22 271 0.93  0.57
1974 110 0.75 0.83 136 117 0.73 0.57 0.48 038 0.37 0.8 ' 264 0.93  0.97
1975 1.66 0.96 1.38 1.32° 1.17 0.83 0.46 0.40 0.59 0.56 0.96 1.82 1,00  1.05
1976 - . 133 1.07. 137 2.20 1.22 0.91 0.72 0.66 0.61 0.61 0.54 0.75 1.00  1.12
1977 158 ©0.73 . 1.29  1.14 0.86 0.60 0.45 ©.39 0.37 0.3 1.14 3.89  1.06  0.78
1978 321 2,02 3.93 3.38 ‘1.80 1.20 1.12 1,12 0.94 0.81 3.18 B.53  2.60 2,01
1979 . . 472 4.56. 3.02. 4.22 3.67 2.73 1.22. 1.57 1.33. 1.14 1.43 1.29  2.58  3.30
1980 0-8_3 B 0.75 .12 Q.80 0.58 0.47 Q.41 0.64 0.26 1.G% 2.34 0.85 0.8_6
1981 0.97 ©0.62 0.58 1.04 0.74 0.54 0.32 0.25 0.3L 0.32 0.37 1.66 0.64 0,76
1982 1.62 0.80 0.74 1.40 1.00 0.93 0.67 0.60 0.62 1.11 2,52 3152 1.29  0.89
Average 187 1,25 1.55 1.74 1.23 0.85 0.60 0.56. 0.49 0.47 L.14 2.48  1.13
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Table A~-7 (4/5) ESTIMATED MONTHLY MEAN DISCHARGE OF SASENI RIVER

Rivar: Saseai Station: Gulutu {1DBIA) Cohot 192 ke Unit: mjfsuc
Year Jan,  Pab, Mar. Apr. May Jun.,  Jul,  Aug,  Sep. Oot. Nov.  Dac, Ave. é‘;:ffgg;‘
1963 25.4% 3.55% 1.68% 1.98 133 0.87 0.72 0.4 0.40 0,35 2.08 4.26 138 _
1964 4,76 2,13 8,77 3.8 2,46 130 0.7 0.40 0.42 0.45 0.34 T 270 2.30 - 2.57
1965 2.04 0.82 1,20 1.05 0.5¢ 0.41 @32 0.28 0.3 0.26  0.95 6.77 124 0.86
1956 2.69 0 3.28 3.4 321 146 1,20 0.83 0,53 0.41 ©0.45 .00 L.78 166 2,05
1967 0.55 1.60 1.18 3,18 2.8¢ 1.7 ©0.75 0.53 0,58 0,63 2.63 2.49% 1,51  L.30
1968 0,77 ©0:56 3,62 5.44 LE9 133 0.75 0.46 0.20 0.24 0.99 6.42 1% . 1.74
1969 4,62 537 457 455 192 1,15 0.74 .0.54 0.35  0.47 183 355 247 2.62
1970 3.16 5.1  T7.56 6.33 -2.68 1.36 0.87 0.39 0.42 0.34 2.61 4.39 . 3.0l 2.89
1971 2.1 1.73 1.15 2,04 1L.21 Q.73 ©0.51 . 0.)4 0.29 0.26 0.58 2.45 112 1.46
1972 3,30 2.02 1.90 2.13 1.87° l.24 0.77T 0.52 0.52 0.21* 0.49 3.19 .1.51 1.46
1973 2,48 171 L34 1.8 1.50 0.85 6.58 0.7 0.30 0.28 1.74 3.9 L35 1.24
1974 1.67  2.1%  1.52 181 149 0.63 446 0.2 024 019 150 585 L4 L2l
1975 2,78 1.03 1.88 1.48 '1.17 0.60 0.40 ©0.30 0.27 0.19 0.85 331 119  1.39
1976 1.20 2.47 3.78 5.83 02,47 1.48 . 1.09 O0.74 . 0.80 0.56 0.46 1.61 2.07 L2.20
1977 3.64  L.71 3.73 2,39 136 0.86 0.59 0.56 0.44 0.49 1.58 8.23 2,13 - .1.50
1978 6.66 3.15 11.02 T.00 2.90 1.80 1.43 0.88 0.63 0.54 3.08 1588 4,58  3.81
1979 8.61 11.37  3.45  5.72 5.20 431 2.06 L55 123 0.93 L6 214 411 533
1980 2,04 217 2,36 357 234 163 128 1,07 0.7r 0.49  1.54  T.67 224 183
1981 2,95 1.86. 1.35 2.65 1.62 1.14 0.83 0.70 0.66 0.75 1.63 . 7.24 1,50  1.96
1982 436 1.45 1.43 2.5 1.86 1.08 0.95 0.85 0.82 1,53 5.28 7.43 247  2.03
Average 4.39 2.T6 3.43 3.39 2.0l I.21 0.83 0.60 0,50 0.49 1.62 4.99 2.18

#: Interpolated by discharge of Hingilili river

Table A-7 (5/5) ESTIMATED MONTHLY MEAN DISCHARGE OF
KAMBAGA RIVER AT NJIRO BRIDGE

River: Kambaga Station: Niiro bridge C.A.: 749 km?2 _ Yoit: m¥fsee
Yeax Jan Feb Mar Apr May Jun Jul Aug Sep Qct Nov : Dec Ave. Octfzt;p.
1963 3.01  1.12  0.78  0.93 0.68 ©0.51 0.4l 034 0.30  0.27 1.11° 1.8  0.95
1964 1.82  1.02 1,10 1.18 1.08 0.7} 0.5¢ O.44 0,34 035 038 1.83 0.9 0.96
1965  1.01  0.47  0.46 0.56 0.37 0.61 0.27 0.25 0.21 0.26 0.58  1.46  0.54 0.56
1966 1.15  0.91  0.83 0.8  0.92  0.96 0.3 0.6z 0.25 0.25 0.43 0.6 0.73 0.81
1967  0.26  0.42  0.31 1.4  0.75 0.47 038 0.29 19.04 1.00  1.10 '0.94 2.20 2.06
1968  0.47  ©0.41 2,38 8.49 401  3.45 149 L1} 1,07  0.68 076 - 1.6  2.17 2.16
1969  3.51  9.00  6.19 20.07 17.85 7.57 3.22 108 6.7  0.66 1.03 1.35  6.03 6.04
1970 1.40 2.63 3.14 12.07 2.31 0.91 0.6% 0.44 6.37 0.27 0.64 4.88 2.48 2.25
1971 . 3.15 0.82  0.50 0.91 0.71  0.47 039 034 0,28 0.26 0,30 1.40 0.80 1.1}
1972 0.95 0.60 . 0.58 0.5¢ 0.62 0.43 0.3l 029 0.28 0.29 0.88 1.73  0.62  0.55
1973 1.44  0.71  0.55 0.76 0.72 0.47 038 035 029 0.26 0.92 21T 0.T5 0.71
1974 0.82 1.7  0.66 1.05 0.96 0.73 0.63 043 03¢ - 0.34 . 0,56 LT 0.8 0.90
1975 .22 G.78 1.0 1,07 ©0.97 0.74 ©0.39 035 0.5 0.5} 0,82 1.25  0.81  0.82
1976  0.82  0.69  0.84 1.22 1.17  0.87 0.74 070 0.49  0.50 0.46  0.46  0.75  0.85
1977~ 1.57  3.93  1.46 0.8 0.62 0.45 035 0.23 0.29 0.27 0.57 2.47 1.12 0.94
1978 9.17  3.39  4.91 22,43 265 0.89 0,90 0.5 0.84 0.72 2,67 19.56  5.76 4.15
1979 5.38 5.69  2.74 3.25 279 2.17 0.8 1,32 1.1z 0.99 1.13 0.92 2.36 4.02
1980  0.89  0.63  0.34 0.48 0.38 0,29 0.25 022 0,52 0.22 0.83 0.9 0.5 0.59
1981 2.00  0.29 0.3 120 133 0.71 045 012 0.9 0,19 0.19 0.47  0.62  -0.72
1982 1.81  0.73  0.48 0.94  0.67 0.54  0.50 0.45 0.47 0.84 1.57 8.45 1.45 0.62
Average 2.09  1.BL  1.48 4,02 2,08 1.20 0.70 0.52 1.4 046 0.86 2.1 1.62 1.62
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Table A-8

WATER QUALITY ANALYSIS

River Nakombo Kambaga Hingilili
Location River Bed Gauge Site 1goms Kivyukn Bridge
_Date of 28 Dec. 17 Jun. 29 Dee, 17 Jun. 28 Dcc. 19 Jun.
Sampling 83 82 183 182 ‘83
pH 6.60 6.80 7.30 6.99 7.50 6.89 7.00
Electric micro mhos/em 145.5 169 128.0 180.0 248.0 20.25 37,05
conductivity . :
Nat weq /{ 0.36 0.37 0.46 0.47 0.70 0.09 0.13
mg/ 8.20 B.50 10.5 10,90 16.20 2,10 3.0
K+ meg /£ 0.01 0.0 Q.02 0.03 .05 0,00 0.008
g/l 0,50 0.40 0.6 1.10 1.90 0.20 0.3
gadt meq /£ . 0.43 0.34 0,26 0.70 0.10 0.09 6.70
mg/k 8.60 6.90 5.2 14.10 2.0 1.90 . 14,0
Mg neq /4 0.32 0.26 0.35 0.46 0.07 0.04 0.08
ng/f 3.90 3.20 4.30 3.60 0.90 0.50 1.0
Alkalinity meq /A 0.78 0.64 0.78 1.34 1.78 0.10 0.19
i weq /£ 0.18 0.17 0.18 0.30 0.24 9,07 0.08
2 mg/{ 6.30 5.90 5.30 10.50 8.50 2.40 2.70
504°7 meq /£ 0.19 - €.17 0.19 0.19 0.21 0.03 0.06
- wg/{ 9.30 £.00 9.0 9,00 10.0 1.50 2.80
5104 g/ 27.60 21.50 25.5 25.30 23.0 9.70 13.8
3 cation meq/{ 1.12 0.99 1.09 1,67 0.9 T 0.23 0.92
+ anion meq /4 1.15 0.97 1.15 1.82 2.23 0.20 0.32
3 ien aeq /L .27 1.96 2.23 3.49 3.16 0.43 1.24
Total iron mg/f 14.84 3.53 2.06 0.72
Manganese wg/f o] ¢} ] o
Soluble solid mg/{ 76.20 77.50 19.30 97.30
sandd 0.59 0.68 6.83 0.62 2,40 0.35 0.21
River Yongoma Kalimave Saseni
Lecation Gauge Site L“E’aﬂl’gi’el Upstreaz Gulutu
Date of 29 Dec. 19 Jun. 19 Jun. 31 Dec, 19 Jun.
Sampling 32 83 ‘83 tg2 183
pH ) 7.15 7.05 7.40 6.95 7.56
Electric micro mhos/em 33.4 45.8 . 209.0 28,35 115.0
conductivity - - )
Nat meq/{ 0.12 0.14 0.9% 0.10 0.30
ag/f 2,70 - 3.30 21.0 2.40 7.0
el meq/{ 0.05 0.01 0.03 0.003 0.01
ag/ 0.20 0.40 1.2 0.10 0.40
CaZt meq /f 0.12 0.47 G.10 0.10 0.34
g/ K 2.50 9.5 2.0 2.00 6.5
Mg2+ meg/{ 0,09 0.44 0.11 0.06 0.32
mg/{ 1.10 5.4 1.3 0.70 3.9
Alkalinity meq/f 0.16 0.18 1.35 0.14 0,62
e meg/{ 0.11 0,12 0.29 0.08 0.22
wg/f 3.90 4.1 10.3 2.80 7.9
5042~ neq/{ 0.05 0.09 0.20 0.03 01T
og/f 2.60 4.3 9.9 1.60 8.0
5109 ng/f 11.40 11.50 10.5 11.10 18.8
T cation meq/f 0.34 1.07 1.15 0.26 0,98
5> anion meq/{ Q.32 0.39 1.84 0.25 1.01
Sion meq/{ 0.66 1.46 2.99 0.52 1,98
Total iren mg/{ Q.46 0.26
Manganese mg/, 0 [«
Soluble solid wg/, 15.50 12.70
SARAE 0.37 0.21 2.80 0.35 0,52

Note:

/1: SIR = Sodium Adsorptieon Batioc = Na¥//{Gat¥ + HgF)/2
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Table A-9 ANALYSIS OF RECORDS OF THE YONGOMA RIVER

Date ' 10 Jan,'83 17 Jan.'83
Géuge hedght 1.72 . 2,37
Water level 528.43 529,08
Peak discharge (m3/sec) 101 140
Flood concentratioﬁ time, Tp (min) 210 180
Basin rainfall within Tp (mm) 41 63
Rainfall intensity within Tp 11 21

, ' (mm/hr)
Peak runoff coefficient (%) 47 ' 34
Effective ralnfall intensity 5 _ 7

(mm/hr) '

15 Feb.'83
2,18
528.89
120
120
80
40

15
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Table A-10 ANNUAL MAXTMUM BASIN RAINFALL

Unit:  mm
Nakombo Kambaga Hingiliii Yongoma Mkomazi Saseni
" {Igoma) : (Kalimawe)
1972 60,4 25,3 180.0 72.8 24,2 35,7
1973 37,6 47.1 99,1 41,7 49,7 37.3
1974 30,7 - 85,2 50.5 34.1 82,2 49,5
1975 26,7 26.6 58.3 31.5 28,7 24,1
1976 40,4 27.3 48,5 46,6 28,1 38.1
1977 . 51.5 33.1 103.8 59.5 34.9 48,2
1978 83.8  65.8 114.8 88.6 62,0 82.9
1979 60.3 84,6 92,4 69.6 84.6 55.8
1980 . 63.0 - 44.8 127.8 72.5 - 48,4 59.6
1981 55.1 35.6 77.7 63.2 40,0 47.6
1982 51.4 48.5 124.0 59,3 47,0 48.4
1983 87.8 61,8 209.5 102.0 76.2 77.1
Table A-11 PROBABLE BASIN RAINFALL
Unit: mm
Return ) ) Kambaga e amaas . . Mkomazi ,
girizgr Nakombo (Tgoma) Hingilildi Yongoma (Kalimawe) Saseni
2 51 44 63 58 46 48
5 69 64 89 79 66 64
10 81 ) 78 107 93 80 74
20 91 91 123 104 92 82
50 108 - 113 149 o123 112 .96
100 119 129 169 136 126 105
200, 131 146 187 149 141 115
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Table A-12 RECORDED ANNUAL MAXIMUM RAINFALL

One 2 days' One

Station . " Year day Consecutiye Station Year day
' (mm) {mm) ' {mm)’
. .Kalimawe meteo.'l962 4§.8
Tia dam site 1963  151.9 201, 4 sta. 1963  96.8
1964 111.8 169.5 ' 1964 44,2
1965 90.7  132.4 1965  63.8
1966  117.3 117.3 1966  87.1
1967  88.6 137.7 | 1967  70.1
1968  57.9 89.4 ' 1968 53.3
1969 89.9  139.2 1969 33,3
1970 57.7  76.4 - 1970 84.6
1971 96.3 101.0 1971 36,1
1972 180.0  257.0 1972 31.8
1973 99.1 104.1 1973 55,5
1974 -~ 50,5 66.6 1974 °108,0
1975 58.3 92,0 - 1975 - 34.0
1976 48.5 63.1 1976 35.4
1977 103.8 117.1 1977 38.8
1978  114.8 145,7 : 1978 69.0
1979 92.4  108.9 | 1979 111.2
1980  127.8 213.4 1980  57.0
1981 77,7 112.6 1981 41,4
1982 124.0 150.4 1982 61.0
1983 209.5 244.4 | 1983 73.2
Gonja estate 1972 ?1.1 91.4
1973 61.2 81.7
1974 30.3 50,2
1975  38.9 46,8
1976  77.7 99,5
1977 97,9  97.9
1978 117.4  144.9
1979 111,3 148.5
1980  120,9 120.9
1981 82.0  118.1

1982  98.8 121.3
1983  146.7 149.4
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“‘fable A-13

1. KXalimawe dam

CALCULATION OF PEAK FLOOD DISCHARGE

Return Period in Year

£ (hc) {men/hir) 2 5 10 20 50 100 200
2 v © 10.1 14,4 17.5 20.1 . 24.5 27.5 30,8
5 vy = 5.5 7.8 9.5 10.9 13,3 14,9 16.7
2 S ¥gab o= 1.0 2.9 3.5 4.0 4.9 5.5 6.2
5 Toit » 1.1 1.6 1.9 2.2 2.7 3.0 3.3
o I
{min) Relwn Pariod
3000 n o 5 883 :
~ao N \\\\\ RS Kambaga [ rlver
2000 > ‘\"\\ N ot L Kolimawe dam —
N NN, 1492 km?)
SN \ \Q\ a
_ AN )
1000 N AN Ieest
N R L3
'\\ \\\ X \§¢\ el
ALY "9,
MONAN Y %
500
- 02 037 08 1 z 3 5 rimmhe)
_ . Return Per_iod in Year
1,492 kn? 2 5. 10 20 50 100 200
e (ma/hr), 0.34 . 0,55 0.68 0.85 1.15 1.25 1.4
Ty (min) 1,900 1,600 1,400 1,300 1,150 1,100 1,050
gp {m*/sec) 141 228 282 353 477 518 - 580
2. Igoma dam site
) ) . Return Peried in Year e
t {hr} (man/hr) 2 5 10 20 50 100 200
2 Loy = 9.6 6.0 17.0 15.9 4.7 8.0 31.9
5 St = 5.2 7.6 9,3 10.8 13.4 15.3 17.3
2 Fa.t = 1.9 2.8 3.4 4,0 4.9 5.6 6.4
5 g t = 1.0 1.5 1.9 2.2 2.7 1.1 3.5
‘ T Refirn  Fariod  _.. P
min) L [ . - .
2000 NEL N °\3\‘8\.8§ Kambage river
o R} \ \ N \ : .
\\\\ VAR at lgoma dam site
N NN
N
1000 N
' N
500 -
02 03 05 1 2 3 5 rlmm/kr)
. . Return Period in Year
749 km2 2 . 5 10 .20 50 100 200
re (mn/hr) 0.31 0.57 0.82 1.0 1.3 1.60 1.9
Tp (min) 1,650 1,300 1,150 1,050 920 850 830
Qp (m3/sec) 64 119 1 208 270 333 395 -
(o be continued)
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Yongoma river

Return Perdod in Year

t_(hr) {mn/hr} 2 5 10 20 50 100 200
2 Ty . 12,7 17.3 203 22.7 26.9 2.7 308
5 T = 6.9 9.4 11.0 12.3 14,6 16.1 17.7
2 Tgt = 6.3 B.s 10,2 11,3 13.4 4.9 16.1
s Ipeb = 3.5 4.7 5.5 6.2 12 Y 8.5
- |
T Raturn Pariod
{min) . "‘E)'%‘gégb Yongoma river
AY
500 A ALY \"\ \‘\\\
\\ WA Y \'Q\
\\\Q\J VAN
\ AEEARAY
300 v 4 AN
Voo 2
AR TR
200 Y A AN i
N X 2l
) Y W W\ 4
\ \ \\ \\\\ 56.0km
| 2 3 3 10 - 20 r-{mmshr)”
’ Return Period in Year
70.5 km? . 2 5 10 0 50 160 200
re (unfhr) 3.0 4.4 5.5 6.5 8.0 9.4 10.5
Tp (min) " 400 . .330 310 290 260 250 230
_Qp (m*/sec) 58 86 108 127 157 184 205
56 km? '
rg (mm/hc) 3.1 4.6 5.6 6.7 8.5 9.6 11.0
Tp (min) 370 310 300 230 240 230 220
Qp {n3/sec) [ 90 110 131 161 188 215
Saseni river
. Return Period in Year ]
t (hr) (mm/hr) 2 5 10 20 50 ‘100 200
2 Crp o= 10.5 14.0 16.2 17.9 21.0 73.0 25.0
5 ry = 5.7 7.6 8.8 8.1 11.4 12.5 13.6
2 Te.bL = 5.3 7.0 8.1 3.9 19.5% 1.5 12.5
5 Ip.t = 2.8 3.8 44 4.8 5.7 6.3 6.8
(T' HOR %5735 [Return Period
min LS\{)Y
500 \\\‘,\\ AL : -
A Q\\\} o - | Saseni river-
IRNRARNN T F : _
N N e od
NPT : !
200 \\ \\\\ ‘\:_\\\\ \\\\ 192 kP
ARNRNY 45 kn?
N \\\ T -
AN 13" i
1001 2 3 5 10 20 e {mm/hr})
Return Period in year
192 km? 2 5 0 20 50 100 200
re (am/hr) 1.7 7.7 3.3 3.8 4.7 5.4 6.0
Tp (min) 620 510 . 470 440 400 180 360
Qp (w3 /see) g1 146 176 . 203 251 288 320
45 km? _
ro (mmihr) 2.4 3.6 4.5 5.0 6.3 7.2 8.0
Tp (min) 400 130 310 290 260 250 260
Qp (m/sec) 30 45 56 .83 79 90 100

{to be continued)
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5. Bingildlf river .

(hey

Return Pevied in Year

L  fmmfhey .2 5 10 20 50 100 200
7 v = 13.8 19.5 23,4, 26.9 32.6 36,9 40,9
5 vy = 1.5 10.6 12.7 14.6 11.7 20.0 22,2
2 Yg.t = 6.9 9.7 11,7 13.4 16,13 18.4 20.4
5 _Xg.t = 1,8 5.3 6.3 7.3 8.8 10.0 11.1
T T .
(min). Return Poriod :
500 - ""f)‘%\‘ﬁ:%?ee‘ "Hingilili  river—
S R AR
NN
300 N Ry
AN
YA \
200 : 44i\\\3t\k£@2x (u?
RS \"\ X o 93s
_ NN . 55.8 km?
- 42 0 kb
\ . .
) 2 3. 3 10 20 r{mm/he)
. Return Period in Year
$5.8 kn? 2 5 10 20 56 100 200
re (mrmfhr) 3.5 5.4 6.7 8.2 10.5 12.5 14.5
Tp {min) 350 300 280 260 230 220 210
Wp (nfsec) 54 84 106 127 163 194 225
42.0 kmd
re (mafhr) 3.6 . 5.6 7.2 8.8 1.5 14.0 16.0
Tp __(m_in') 330 270 250 230 210 190 180
gp {m¥fsec) 42 65 84 103 134 163 186
6. Nokombo river
. Return i;eriﬁc-l in Year
b {hr) {mmn/hr) 2 5 10 20 50 100 200
2 Ty = 1.1 S 15.1 7.7 19.9 23.6 26.0 78.6
5 r, = 6.0 8.2 9.6 10.8 12.8 14 .1 15.5
2 Eget = 5.6 7.5 8.8 10.0 11.8 13.0 14.3
5 rp.t = 3.0 4.1 4.8 5.4 6.4 7.1 7.8
T T ET T
- o | ¢HRD ‘% .
{min} \ _\‘?{' &\ Return hrla§
500 R R 1 .
NN akombo  river
:*\\\\ NN ( m e
\\ Ny
Wt A
X0
N\
A
N
200 <
\
\ L
48.5 kmé
32.5 km2
100 1
] 2 3 3 10 20 | r{mm/hr}
Return Perjod in Year
32,5 kn? 2 5 16 20 50 100 200
reg (mm/tr) 2.8 4.2 5.3 6.1 7.7 4.0 10.5
Tp (min) 350 290 270 250 260 210 w00
gp (m/sec) 25 38 48 55 70 81 g5
48.5 wn? e
r, {(Am/hr) 2.5 3.9 4.8 5.7 7.2 8.2 9.4
Tp {min) 390 330 330 280 230 240 230
Qp {s7/sec) 34 53 65 73 97 110 126
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7.

Ocher small river

Return Perfod in Year

200

t_(hr) (/) 2 5 10 20 50 100
2 ty = 14 21 26 i 34 43 49
5 vp > 8 11 14 17 19 23 26
? te.t = 10.5 13 15.5 17 21.5 24.5
5 ta.t = 4 5.5 7 8.5 9.5 1.5 13
T . Return | Poriod |
{min) N oo 3B8RY
300 A hey lsmoll |
\K\Q\:\ \\\ I"\" rs
200 L L
- N\ N Oy _
ASE \ Y I .
N \ .
\ N M [¢]
\ N . &3 -
100 A N “—\ta\i 035
N \\\ \\\; NN ‘Ni
AW AN
N ALY N, .
h \ - \\\ '\\_ .
1 2 3 5 10 20 30 rimm/hr)
Return I—:'eriéd in Year
20 kd 2 5 10 0 50 100 200
te (mmlhr) 4.5 7.0 9.8 12.5 14.0 19.5 23.0
Tp (min) 260 210 150 170 160 140 130
Qp (m¥/sec) 25 19 54 69 78 108 128
10 kn?
r, (mm/hr} 5.0 8.4 11.0 15.0 16.5 - 23,0 27
Tp {min) 210 110 150 130 125 110 105
g (m}/sec) 14 23 31 ‘42 46 64 73
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1. GENERAL GEOLOGY IN THE PROJECT AREA

1.1 Physiography

~ The project -area is located at the eastern border of the South Pare
Mountains. The physiographic feature of the project area is an
extensive plain, a part of the so-called Umba Steppes, in which many
residual hills (monadnocks) are scattered.

_ The topography in the prOJect area is classified into the following
five topographic units by the feature of land forms and geological
congtitutions.

a) Residual hills,
b) Higher terraces,
" ¢) Lower teérraces,
d) Alluvial fans, and
e) Flood plains.

Higher and lower terraces form the tablelands with gentle slopes,
while alluvial fans and flood plains have a flat or quite gentle
topography, though meso-relief is observed teo a certain extent.

(1) Residual hills

Residual hills (monadnocks) emerge in the steppes with various
scale mounds. Gentle slopes covered by reddish brown soils, are
developed at the foot of these residual hills.

(2) i gher terraces

"This unit 1ies at the foots of the South Pare Mountains, mainly in
the XKihurio village area and the southern foots of Tossa Mountains. The
land of this unit is characterized by dissected and undulated relief,
Surface materials of this land are of thin (less than 50 cm) gravels and -
sand_isolated from the’ gneissose basement, gravels and sand cemented by
gypsite, reddish bfown solls or exposures of basement rocks.

(3) Lower terraces

These lands are the predominant land unit developed in the Umba
Steppes. Their reliefs are gently sloping and slightly undulating.
Surface soils on these lands are residual reddish brown soils of 1 to
more than 4 meters in thickness. Gully erosion or rill erosion is
excegsive on these lands. The vegetation consists mainly of open.
‘thornbush with grass and scattered trees. There are some sisal estates
. in operation. Diluvial deposits overlain by the reddish brown soils are
gravelly sand cemented by gypsite or the Mkomazi Lake Beds which are
composed of gypsiferous sand and silt containing layers of crystalline
gypsun and gypsite.



(4) Alluvial fans

Alluvial fans are developed at the foots of the South Pare
Mountains aléng the Nakombo, Hingllili, Yongowa and Sasenl rivers which
“run from the South Pare Mountains. Thelr reliefs are very flat and
gently sloping. The solls of these lands are generally fine sandy loam
to loam sand throughout the profile. Reddish brown ferruginous mottlings
or gypsum patches are found in clays in subsoil layers. These lands are
largely cultivated with maize and partly with paddy under the
traditional irrigation practices from the rivers mentioned above.

(5% TFlood plains

Flood plains extend mainly along the Kisiwani, Kambaga and Mkomazi
rivers. - Their reliefs are very flat and the rivers are meandering. The
lands are partly cultivated with paddy or maize under rainfed
conditions. The greater parts of these lands are not used for
agriculture because of seasonal flooding and/or highly water-logging due
to the lack of an effective drainage system.

In the flood plains, the Kisiwani, Kambaga and Mkomazi rivers run
with narrow channels. These channels are narrowed by the existing
gnelssose basement rocks and sediments of diluvial terraces.

Soils of the flood plains consist mainly of dark gray, ill-drained
clayey soils with somewhat gypsite concretions.

The schematic profile of the geology in the Mkomazi valley is shown
in Fig. B-1

Fig, B-2 show the geological maps of the’ project area. The typical
columnar sections of the geology are shown in Fig. B-3

1.2 Geology

. The South Pare Mountains and residual'hills in the Umba Steppes are
.composed geologically. of metamorphic rocks which belong to the Usangaran
System of the Pre-Cambrian age. They consist of banded gneisses with
metamorphosed bagic and ultrabasic 1ntrusives.

Most of the gneiéées show pronounced folilations. Generally, these
rocks have a simple structure with the foliations of gneisses dipping NE
or ENE at low angles (around 20°) and the linlations plunge gently
in the same directions.

The South Pare Mountains are the fault blocks which have been
uplifted about 900 meters in relation to the plains. The NW trending
faults cut the South Pare block, but the nature and age of these faults
are unknown.

Superficiél,depoéits_of the thafstebpes aré primarily the diluvial
and alluvial deposits rather deeply underlain by the Mkomazi Lake Beds
(Tanzania Geological Suvrvey, 1962). :



2. HYDROGEOLOGY

2.1. Field Stuaieaifor Groundﬁater Deyglgément

To éﬁamine the ﬁevelopﬁént.potential 6f the gfoundwater in the
project area, the study was.made through the following;
a) collectlon of information on groundwater use and regional geology
b) aerialphotographic interpretation |
c) geological reconnaissance

- geological field survey

- geoeleétric SQuﬁding

- exploraﬁion of test plts

Based on the results of these'studies,'the mode of groundwater
occurrences in the project area is largely determined as hereunder.

2.2 GrOundwater.Use Information

No traditionally dug wells exist in the project area. Major
villages are supplied with drinking water from the neighboring rivers
running from the South Pare Mountains by a pipe-line system which has
been constructed by the District Water Office. Other small villages
located at the foots of mountains and in the steppes take drinking water
from rivers, the Kalimawe reserveir or canals,

A feﬁ'temporary dug pits for obtaining water in the dry season are
found at the sandy river beds of the Kambaga river near the Gonja
village. :

- Three deep bore holes have been drilled in the Mkomazi valley
area., One having a depth of 321 m and 75 mm in diameter is located at
the Mkomazi Game Control Center. The yield of this bore hole is quite
low-at 5 m>/hour. The water quality shows low salinity. The other two
- bore holes located at the sisal estate in Kisiwani are now disused.
According to the information obtained on these bore holes, one having a
59 m depth and 150 wm diameter has a high salinity and is not suitable
for drinking. '

2.3 - Mode of Occurrence of-Groundwater

According to the geomorphological and geological constitutions
studied in the preceding sections, two patential aquifers are expected
in the project area; one of them is the sediments in alluvial fans, and
the other one 1s the Mkomazi Lake Beds, which is overlain by the reddish
brown soils in the lower terraces.



Groundwater in the alluvial fans is observed in the discharge zone
of Kihurio alluvial fan and in the case of test pit excavating, 1in the
intake area of Ndungu alluvial fan. The ground water table in these
tests pits lies in the clayey subsolls. The permeability test, which was
carried out in test pit of Kiburio, resulted in a permeab1lity
coefficient of 5.3 % 103 cm/sec (Fig. B~4).

The result of the caleulation for shallow well capaeity is as
follows. '

The Farehheimer’s used 1s as follows .
o - E@-hd) oy 58,0 ¢ 2ho =y 0.25
2.3.1log (R/a) he

Where Q expressed in cm3/sec, and all other quantities
are in cm.

The variable factors for wells are assumed as follows. The depth
of ‘the groundwater table in the dry season is 2 m, and the distance from
the ground surface to the impermeable zone is 8 m. Thus, B = 6 .m, ho =
5.0 m and y (proposed drawdown) is 1.0 m. Diameter of well (2a) is 1.0
m and cone of influence in 51lty layers is estimated 10 n.

Detail of calculation is as follows.

. 32bx 5.3 x 1073 (6002 - 5002) 100 0.5 x 50)975
- Q 2.3 - log (1000/500) : 500
(2.%_500 - 100)0'25
500

35&.58 (cm3/sec)
1, 276 ((/hour)

Thus, it 1s expected that at least 1.3 m3/hour per one shallow dug
well is available in the alluvial fans. The yield of this aquifer is,
however, very low, :

il

i

Mkomazi Lake Beds for the objective: development will be a potential
aquifer but attention shall be paid to the water quality because of -
their gypsiferous faces. In the lower terraces, the gravelly sand beds
cemented by gypsite are also overlain by the reddish brown soils. These
beds, however, do not retain any groundwater.

The strata which constitute the mountailns, residual hille, higher
terraces and flood plains are considered impermeable layers, because of
their lithological and hydrological conditlons such as hard rocks, lack
of superficial sediments, i1ll-drained fine materials, poor percolating
from the grounds etc..

_ The hydrbgeological eonstitution so_far-stddied,,suggests.that thee
development potential of the groundwater for irrigation in the project
area 1s rather low.



24 Geoelectfic Sounding

Geoelectric soundings were carried out at total 22 points by means
of the Wenner's four electrodes arrangement so as to examine the
subsurface geological structures in Kisiwani, Gonja, Ndungu, Kihurio
areas and Kalimawe dant site. _

The depths of specific layers, which are characterized by the
different Yesistivity are interpreted from the apparent resistivity
(p)-depth(a) curves using the Sundberg’s standard curves and Hummer’s
auxillary curves. The results are illustrated in Fig. B-5, and the
apparent resistivity (- depth(a) curves at each sounding points are
shown in Fig. B~6

According to the above study, it is considered that the first
stratum in the Kisiwani section is of alluvial clayey sediment, and the
second and third stratum are of diluvial Mkomazi Lake Beds and/or
reddish brown soils in the lower terraces, and gneissose basement,
respectively. 1In this profile, the first :-and second stratum are laid
with basin-like structures over the impermeable gneissose basement {(the
third stratum): The first stratum is considered impermeable because of
its poorly drained clayey facies. The second stratum exposed in
excavating site for pond near No. 4 sounding point is a consolidated
gypsite. " Taking this evidence into consideration, the second layer is
algo impermeable. The information on the groundwater of unused bore
holes -In Kisiwani sisal estate, suggests that the fissure water in the
third stratum is a saline water.

In the Gonja, Ndungu and Kihurio sections, it is considered that
the first stratum is of alluvial sediments in the alluvial fans, the
second stratum reddish brown soils on the lower terraces, the third
stratum Mkomazi Lake Beds including gypsite beds and the fourth stratum
gneissose basement. No groundwater has so far found in the second and
third stratum lying over.the impermeable gneissose basement (the fourth
stratum) on-the higher parts of these profiles. Salt crusts which have
been formed by capillarity and evaporation from the groundwater are
often observed at the sounding points on low-lying lands in these
sections. This field evidence indicates a salt accumulation in the
first: and/or second stratum in the low—lying 1ands.

B-5



3. GEQOLOGY OF DAM SITES AND PROPOSED INTAKE WEIR SLTES .

(1) KXalimawe dam.

Kalimawe dam has been constructed on the Mkomazi river narrowed by
the residual hill of gneiss and the of reddish brown soil terraces The
geology of left bank of dam site is composed of gneiss. The gneiss is
weakly weathered and its foliation strikes N50°W and dips 15°NE. Reddish
brown soils, mainly sandy loam in texture, with more than 3 meters thick
are exposed at the. right bank of dam site (Fig.. Bn?) :

Dr1111ng works for geological investigatlon were performed at three
points in the dam site. The results are illustrated in Fig. B~8 and
Fig- B"go : .

In the dam site, the gneiss is overlain by the Mkomazi Lake Beds
and reddish brown soils. The Mkomazi Lake Beds consist of sand
interbedded with silt .layers and grade upward into. gypsite or -
gypsiferous silt beds. Mkomazi Lake Beds and overlying reddish brown
soils range in total thickness from 20 to 48 meters in the dam site.

As the resulis of these surveys, it was found out  that the
embankment and spillway. of Kalimawe dam might be comstructed on the .
reddish brown soils. This soils are sandy-loamy in texture and compact
under dry and wet conditions. Phenomena which indicate leakage through
this layer are notf observed aL the dam site. : '

(2)  Ipoma dam site proposed

Igoma dam site was originally planned on the gorge of Kambaga river
near Njiro. Detailed field dnvestigation of the geology, however, shows
_that the gorge was formed by big rock fall existing. on’ the slope of
South Pare Mountains. Dam construction on this site is unfeasible
because of the difficulty of grouting works and large: excavating in a
rock fall blocks.

The present dam site was shifted toward upstream from the former.
dam site. These are no critical conditions of geclogy for dam
construciton.

Geological reconnaissance and drilling work at three points were
performed at the dam site. The results are illustrated in Fig. B-10 and
Fig. B-11. : : :

. Geology of the dam site is composed of gneissose basement, Mkomazi
Lake Beds, reddish brown soils and alluvial sediments in ascending
orders. The gneiss exposed at the left bank of dam site is weakly
weathered, its foliation strikes N30° and dips 25°F, and intruded by
aplite dikes. Debris having 1 meter or more thick covers the grieiss on’
the slopes. Depth of the gneissose basement ranges from 7.0 to 7.5
meters under the terrace between Kambaga river and Same ~ Tanga road,
and increase in depth towards the South Pare Mountains. The overlying
Mkomazi Lake Beds are mostly composed of gypsum and gypsiferous clay.
These beds and the reddish brown soils of sandy loam in texture are both
compact. Their N-values vary from 40 to 50 or more. These field
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evidence suggests that the construction of earth dam on the reddish
brown soils and/or Mkomazi Lake Beds will be possible.

(3) Nakombo intake weir site

In the proposed weir site, the alluvial tertace gravels interbedded
with sandy clay layer are expoésed. They are more than 1.8 meters thick
and overlain by a loose sand bed 1.2 meters thick. These gravel beds
are considered to be buried uader the present river bed gravels and
estimated to be 10 meters or more thick.

On the basig of this geologle conditions, the floating type weir is
recommended.

(4) Hingiiili'intaké weir site

Gneissose rocks are exposed at the left bank of the proposed weir
site. The right bank consists of boulder beds of the alluvial cove.
These boulder beds are considered to be buried under the present river
bed gravels and are estimated to be 5 meters thick. On the basis of
this geology, the fixed type welr is recommended.

(5) Yongoma intake weir site

Gneissose rocks are exposed at the left bank of proposed weir
site. Right bank 1s composed of boulder beds of the alluvial cone.
Ground water with ferruginous contents discharges inte the river from
this boulder beds.

Drilling work at one point was performed in the right bank of weir
gite. ' The result is illustrated in Fig. B-12.

Geological'profile at the weir site shows that the bouldér beds of
alluvial cone are buried under the thin river bed gxavels and the total
thickness of these beds around 7 meters.

. On the basis of this geologic profile, either a floating or fixed
type wair is recommended.

(6) Saseni intake welr site

Gneissose rocks are exposed at the slopes of both banks., Terrace
deposits of fine sand crop out at the both banks,

Geological profile illustrated from the results of drilling works
at two points shows that the older river bed gravels are buried under
the terrace deposits. They overlie in having 4 to 4.5 meters thick on
the hard gneissose rocks (Fig. B-13).

On. the basis of this geologic profile, a fixed tvpe weir is
recommended.



(7) Proposed dam sites in the South Pare Mountains

A geological reconnaissance for the proposed dam sites of Sabeni
Yongoma and Hingilili rivers in the South Pare Mountains was carried
out . .

Based on the field data obtained, the dam types, depth of cut off
and borrow areas were discussed. This discussion, however, is based on
the preliminary field surveys. More detailed field data for the geology
and soil mechanlcs in each dam to be proposed will be examined in the
forth coming stage survey.

{(a} Saseni dam site

Slopes at the left bank of dam site have steep gradients, and arve
composed of gneissose rocks. Surface soils on the slope are thin
and stony. On the river beds, the hard gneiqs crops out about 50
meters upstream of the dam axis, and their foliation strikes N750W
and dips 1Qo¥. Stony colluvial soils of 1 to 2 meters in thickness
cover the slopes at right bank of dam site.

in this proposed dam site, the rock fill type dam is recommended
because of insufficiency of earth for earth f1l1l dam construction.,
The .depth of the cut off on the dam center is approx1mately
estimated at 6 meters.

“(b) Yongoma dam site

Hard gneissose rocks are exposed on: the river beds at both dam
SlteS proposed, and their follatlons strike N40° W to N60"W and dip
259 to 30°N. Colluvial soils and detritus cover the slopes of both
banks and the weathered gneiss crops out at the upper parts of
"slope at right bank.

Earthfill dams are recommended for these proposed dam sites,

Borrow sites are found at the terraces and hills about 2 kilometers
upstream of the dam sites. Depth of the cut off on the dam center
is approximately estimated at 6 meters. o

(¢) Hingilili dam sites

Gneissose rocks are not exposed and the debris of big boulders
developed at both dam sites fo be proposed. Its thickness is
estimated 7 m or more. Depth of the cut off on the dam. center
should be planned around 10 meters.

Earth fill type_dams_are'rgcbmmended'for these proposed dam sites.
Borrow sites are found at the hills about 500 meters upstream of
the dam sites. Residual soil on surface of the hills, however, is
thin, being 1.5 meters on average. This field evidence suggests
that the excavation works should cover a wide scope. '



"4, SOIL MECHANICS AND FOUNDATION CONDITION
4,1 General

4.1,1 Ohjectives

Related to the feasibility study, investigations were carried out
into the mechanical properties of the soil and the foundation
conditions. The objectives were as follows.

(a) to make clear the cha:acteristics of soil properties in the area by
means of reconnaissance throughout the project area;

(b) to clarify the foundation conditions of the proposed main canal and
major structures;

(¢) to clarify the soll mechanical characteristics of the embankment
materials; and

(d) to identify the proposed borrow areas of the earth materials for
embankments and the quarry sites for concrete aggregates.

4.1.2 Method and content of investigation

The investigations were divided into a field investigation and home
office work including laboratory testing.

(1) PField investigation

The field invetigation is divided into a field test, soil sampling
and reconnaissance for comstruction materials, such as earth, sand and
gravel. The field test consists ‘of the cone-penetration and the
permeability tests for the proposed main canals and sites of the ma jor
structure., The following shows the number of sites tested.

o 2 S S R ke e M T e o e e e A e s e e S Y

schemes. cone-penetration test field permeability:test
Kisiwani 4 2
Gonja 4 i
Ndungu 3 2
Kihurio 4 2
Igoma 1 2
Total. 16 9

. s e e e - s gy m et oy

The ldéations of these sites and the results of test are shown in Fig.
B-14, and Table B-1, respectively. The samples, taken from the



following sites. by aupger boring and/or test pitting were mainly analyzed
at the gites for grain size distribution, in order to grasp the general
charateristics of the soils from the viewpoiut of soll mechanics.

scheme test pitting solil sampling
Kisiwani 6 3
Gonja . o 5 3
Ndungu .6 2
Kihurio 7 4
Igoma 2 1
Total 26 _ 013

The boring logs obLained through test—pitting are shown in Fig. B~-15 ror
each site, and the grain size accumulation curves obtained by the
gradation analysis on the samples are shown in Fig. B-16.

(2) Home offlce work

The home offlce work consists of the laboratory test on the
embankment: materials, and the analysis of the data obtained from the
field investigation and the laboratory test. The laboratory test was
carried out for the representative soil samples obtained from the field,
with regard to the following items; -

— Gradation

~ Specific gravity
- Consistency

-~ .Compaction -

- Permeability

— Consolidation

— Shearing -

These results are shown in Table B-2.

4.2 Physical Condition of Soils

“

4,2.1 Generalod99crip£10n

Most of the land of the five development schemes is classified into
the lower terraces the alluvial fans and the flood plains, from the
topographical and geological point of view. The mechanical condition of
the soils in these areas can be clarified from the result of the
gradation analysis and observation of the profiles at the test pits.

The following table shows indices for the soil mechanics analyzed from
the grain size accumulation. curves, :

B-10
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