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ANNEX - T

' METEOROLOGY AND HYDROLOGY

1. . 'Generél'_

.y Durxng the survey works in. Tanzanla, collectlon ‘of moteoro~
loglcal and hydrologlcal data was made to furnish as ample data as
possible to ‘the feaszb111ty study of ‘the Project.  Studies were made
" to edllect data mainly . to set up the ¢riteria for the plannlng of ‘the
Project ‘which have been used in’ the relevant parts of the study report.

In thls AnneXuI, the process of the main studies is’ set forth briefly.’

2, Héteorolugz._-
2.1 Data 3'
2.1}1-“' Ralnfall data

o Ralnfall data were collected malnly from the Reglonal Water
Offxce in Kilimanjaro,. Moshi, and from the Ministry of Water, Energy
~and: Hlnerals, Dar es Salaam. Collected data cover the daily and monthly
rainfall data of 35 ralnfall stations for the durations graphed in
Figure 1I-1. Locat1ons and history of the stations are shown in Figure

I-2-and Table I:l. " The average, maximum and minimum depth of monthly
rainfall are. summarized in Tables I-2 and I-3.:

2.1.2 - Heteorologlcal data

o Meteorologlcal data -other than rainfall. were collected from
the: Fast Afrxcan Meteorologxcal Department Par. es Salaam, and from
other. agen01es operatlng meteorologlcal statlons. '

: Flve (5) fully equipped meteorologlcal statlons have been
operating in and around the Lower-Moshi area. The latest 10 years of
data were collected from these stations for study. A list of these
stations is. as follows.

T N EEI R A Operating ~ Commenée<
‘Name of -Station =~ . ' __. Organization - ment Year
1. Moshi Metcorological Station  E.AM.D. - 1932
2. Mivaleni Sub-station of T
the Lyamungu ARI Min. of ‘Agriculture 1571
3. NAFCO Kahe Estate ' NAFCO | 1966
4. TPC Langasani . TRC - 1935
5. Lyamungu ARI . T - . Min, of Agriculture- 1935




, Locations of the above five stations are shown in PFigure I-2.
Among the above stations, Miwaleni sub_station vas used as a key _
station for agronomic study because it is located almost in the center
of the Lower-Moshi avea. '

2,2 . Seasons .
I TSR S e S L L Y P O RS P RN S R STUE ST THR ST TP U RS T N SSPR SRR
.. The climatic seasons of Tanzania ave conlrolled by the north
and_éphth mﬂvemqﬁt'pf theﬂehrﬁh Qn_itg'axis,-;Thg area pxperiepcing.greatest
‘heating due to solar energy, refored to as the Heal Trough,: also ex-. .-
ﬁerfehcésﬁ1dwqétﬁbsphejié;prSSQfe;. The movement of: the Heat Trough, .or
low pressure center, follows with a lag of about four to six weeks behind
the place of the sun’s maximum elevation. ' '
~ The sun is approximatély overhead in Tanzania in early March
and mid-October, so thal the Heat Trough can be expected to have maximim
effect about early April and mid-November,  This trough of lew préssure
in the region producés a general movement of air mass frém the surround-
ing high pressure belt. The result is a zone of convergence causing
vertical upward movement of the air and precipitation. This ‘continues -
from March to May causing the long rains, and from November to December
causing the light rainsl/. o SRR SEE I T S IE I ERE R
_ . Meteopology in the Lower-Moshi area is characterized by -
three seasonsy the rainy season from Mauch 16 May, the dry -season.from '
June to October and the light-rainy season from November -to -February as
shown in the following figure. ' S '

Item _ JAN FEB_ MAR APR_MAY JUN JUL  AUG '§EP OCT. Nov DG
B TV e o
ght rainy - N R g :
‘ : 2. 'y Rainy seéason '} Dry séason : l,. R
Season [, . R . e R -§9€!,SOH’
_ Hﬁt season, ) :; . coolgseason: : ;:,!uﬂpt season
P : - L NN N 2o G S SEE T .

Rainfall, mm 55 - 46 112 238 .92, 21 13 4. 1701170 385 505
_ o . i {annuali’ TO5mm) -
Temp., °C - ' : ' '

Daily max. 32.8 32,9.32,7 30.2 27,7 26,5 26.6 27.4 29,5 31.9 32,4 32.1
Mean = . = 25.7 26.1.26,3.25.2 23.3 21.8 21,4.21.8°23,1.25,3 25.9 25.5
Daily min. 18.5 19.2 19.8 20.1 18.8 17.0 16.1 16.1 16.7 18.5 19.4 18.8

(Data; ﬁiwaleni Sub—statiqn!:19?271979.aveyage)_

1/:" "PAO/UNDP, Survey and Plan Ffor Irrigation Development in the
~Pasgani and Wami River Basins, Final Report, 1969, o



2.3 ﬁéteorology of te Lower-\&o'shi'Ar;-;a‘

. - Monthly average meteorologlcal data obtained from fxve meteoro—
10g1cal stations, is summarized in ‘Tables I-4 to I-8, Data is also
~ shown in Figures I3 and I-4 in a graphle form._ As shown in these figures,
the variation of solar radiation is refleeted by the movement of the
earth on its axis.: In general, meteorolog;cal items such as temperature,
relat1ve hum1dlty and evaporat10n varies w1dely under the influence of
both solar energy and ra:nfall depth.

Mean temperature varies from 21 C to 26°¢C throughaut the
year with a 1dg of about one month behind the maximun effect of the sun,
The average daily ma x1mum temperature rises above 30°C frem October to
Aprll.s Becguse of the high- altltude over 700 m, the daily minimum tem-
perature falls belnw 2200 aven Ain the hottest season. Dally variation

.;of température is OVer 147¢ A January., The absolute maximum and minimum

dazly temperatures observed at Miwaleni sub-station are 36.5°C and
3.4° 0,_respect1vely.‘

: "The . monthly average of relatlve hum1d1ty at 3 p m. varies from
43 to 64%, Due to effect of ralnfall, the relative humidity increases
from March™ and ‘reaches to its maximoum in May. After the rainy season,
‘it decreases gradually During the short-rain season, the relative
hum1d1ty is almOSt constant

Pan evaporatlon varles w1dely throughout the year from 3 mm/day
“in'May t6 9 min/day in. January. From October to March, the evaporation
‘seens to be constant in & range from 8 to 9 mm/day.

: _ Winds are llght from Apr1l to August and moderate from September
' to March, and predomlnantly from south to southeast



2.4 Rainfall

2,401 _ ' Rainfali'ﬁharactérisﬁiésﬂ:

(i) Seééonai hiétribﬁtidn S

Honthly dlstrzbutlon patterns of average ralnfall for each
rainfall ‘station are shown in Figure 1-5. In the Lower-Moshi area,
about 50 to 65 % of annual rainfall occur durlng the rainy scason wlth
a horizontal varlat1on as shown below. .

-Hﬁlnfall Distribution 1n'the'LOﬁer—Mﬁéhi;lréai 1;t‘5”>

" Knndal . _Seasénal Distributior

' Loéation ' ‘ Altltude' Réihfall " Rainy ~ Dry Light=rain
R N D I ¢ @ “g_“%_()

1. Western area -

1. Moshi Meteo. Sta.. = 813 878 66 12 22

2, NAYCO Kahe Estate 710 495 6l 11 28
2. Hlddle area ., e ' IR S
_ Miwaleni Sub-sta, 770 o T05 63 - 11 26
3, Eastern avéa L B S _._”1' o

1. Himé Sisal Estate 810 805 - ‘53 12 - 35

2, Kifaru Sisal Estate 700 = 486 49 12 38

{2} - 90 years' variation of rqinféil

Among the rainfall stations in the Lower-Moshi area and river
basins relevant to thé area, Moshi meteorolﬁglcal station’ (El 813 m) .
~and Kilema mission (E1.1,422 m) is a key station for the hydrological
study because recorded durat1on and quality of data are satisfactory.
The long-term tendency of annual rainfalls for thesé two stations
is shown in Pigure I-6 in the form of annual average and’ 5-year moving
average..

As shown in the flgure, the wettest and dryest decades in
these 50 years are the 1930s and 1950s, respectively, Average: annual
rainfall during the latest decade (19703) seens to be almost on the
sam¢ level as the 50-yecar average. However, the figures indicate -
that there is no obvious periodicity for annual rainfalls.

(1) Correlation among rainfall stations

Correlation of monthly and annual rainfall between represent-
ative rainfall stations (such as Moshi meteorological station and
Kilema mission station) and other stations are analyzed using a
correlation coefficient. Results are shown in Table 1-9 and summarized

-below.



COrrelatlon Of Annual Raxnfall

Note: Correiated with 1 % level of 31gn1f10ance
' B= oM with 5g "

IR oh ' ! L Ralnfall Statlon
'iRalnfall S{atlon ’ff'_ﬂ Sl 2 5

1.  MOSh1 Heteo. Statlon"

é. lealenl Sub—statxon

3. Himo Sisal Estate

4. NAFCO Kahe Estate
H}'5- iTPC Langasan1

B 6. 'leema N13310n_

W |~

4
B

e
B

W T o [

A
'A.
B
A

7. Lyamungu

: As shown in the above iesults,'tﬁe recorded point rainfall
in and aréund the Lower-Moshi area are well corrélated each other.
Heiice, some incompleté récords can be supplemented using records obtained
from reliable rainfall stations such as Moshi meteorological station
and Kilema missién-station.
e A’ comparlson of annual ralnfall between Moshi Meteoro—
loglcal stat1on and other rainfall stations in the Lower-Moshi area was
made ‘as shown 1n Flgure I—? There is a close ‘relation amoéng them as the
folléw;ng ratlos 1ndicatef

 Station . B " Ratio

NAFCO Kéhe_Estﬁte '/ Moshi Meteo. Station 0.484
* Miwvaleni Subzstatién /-~ do ~ - 0.743
© Himo Sisal Bstate /o -de ~ -~ 0.802
(4)l COrrelatlon of ratnfall wlth altitude

Gn the southern slope of Mt Kllzmanaaro, ra1nfa11 is dominated
by the orographic preclpltatlon. In this area, thele is a close re-
lation between rainfall ‘amount and altltude.;

The relatlon between altltude and annual rainfalls (average, 10-
year ‘storm rainfall and 10—vea1 drougnt rainfall) is shown in Figure I-8.
An annual rainfall in altitudés from 1,600 {0.1,800 m averages as high
as 2 000 wn.  This high rainfall belt crosses almost the middle avea
of watershed of major, rivers, and the annual rainfall decreases from
this belt upwards and downwards along the slnpes of Mt, Kilimanjaro.

The relation between average monthly rainfall and altitude is
graphed as shown in Pigures I-9 and I-10. These figures are used
for estimation of areal rainfall for cach river basin as mentioned
in section 2.4.3,



2.4.2 Ralnfall 1nten31ty

(1} allv maximun lalnfall

. Daily laxnfall data are avallable from many stations in the
study area. The absolute maximum dally rainfall is 281 mm which was
observed at Kilema mission statlon Ain Aplll 1947. The probable dally

maximwn Tainfall for the 1epresentat1ve rainfall stations is calculaléd
by using the Gumbel method.,  The estlmated results are summarihed=

below.

Alti- Nos. of _Return Period (years)

Station - “tude " Data 2 5. 100 200

- (m) - (Nos.} N A T (mm/day)-
01d Moshi Nursery . 1,646 25 24 170 . 200 230
Kilema Mission _ 1,422 . 43 118 159 185 .210
Lyamungu ARI 1,268 42 117 156 180 205
Moshi Meleo. Station 813 .33 .. .94 128 150 @ 172
Miwaleni Sub-station 770 ‘8 .. 72, 91. 104 116

NAVCO Kahe Estate . = . 7100 .13 ~ . 45 62 . 74. 86 ..

Results are graphed together w1th altltude as shown 1n
Flgure I-11 for’ catchment areas and in Flgure I-12 for the’ Lowér—Moshl‘
area, The former- will apply 16 the calculatlon of d931gn flood: d1scharge
and the latter to the calculation of de31gn dra1nage requ1rements.

(2) Raxnfall 1nten51ty

Hourly raznfall records obtained by an automatlc recorder are
ava11ab]e from Lyamungu ARI station. ' In order to estimate the design
flood discharge for the Rau, the Mue and seasonal rivers, the relatlon
between daily rainfall and ralnfall 1ntens1ty analyzed u51ng ‘data
observed at Lyamuagu ARI station, :

In general, rainfall 1ntensity can be calculated from dally
rainfall data u31ng the follow;ng formula. T "

ry o= Rt/‘b
g
By = R24 _(—'"
where} _,rt‘ = Ra1nfa11 1ntenszty dur:ng t haurs (mm/hr)
’ Rt = Ralnfall durlng t hours (mm) o
Ré4 = Ralnfall dur:ng 24 hours (mm)
t = Time in hours
X -

Coefflc1ent



Among hourly rainfall data collected, consecutlve rainfall
recolds wnth an inténsity more than 30 mm/hr are selected and graphed
as_shown in, Figuve 1-13. The highest rainfall inténsity in a con-
secutive raznfall generally occurs 2 or’ 3 hours after the rainfall
begins. - Then, the ratic of Rt to Rag is plotted against time in hours
for each consecutive rainfall as shown in Pigure I-14, Based on the
flgure, the coefflclent value (K) is determined at 1/3. '

 2.4.3 Iséhyet and areal ralnfall

'(1) ' Isohxet mag 3

The isohyét for' the’ average annual rainfall is prepared as
shown in Pigure 1-2 based on annual rainfall records for each rainfall
station and: the corréelation of. ralnfall with altitude. 1In'the Lower-
Moshi. area, the isohyet of- 500 mn’ runs east and west near the southern
boundary of . the project area. The ra1nfa11 increases northward correlat-
ing with altitude and reéaches 800 mm near the northern boundary of the
Lower-Moshi area, or the Moshi-Taveta road. The areal rainfall in the
Lower-Moshi area is calculated at 590 i per year using the isohyetal
method. L :

“(2) ' Areal ralnfall for catchment areas

_ For the purpose to study on vater balance for each viver basin,

areal rainfall is estimated. .Pirst, relation between cumulative :
catchment area: -and altitude . for each river basin is. graphed as shown in
‘Pigures I—15 and 1-16, Next, areal ralnfall is estimated applying
Tigure -9 and 1-10 {correlatlon of monthly rainfall with altitude) to
the above. flgures.; Results are summarized.in Table I-10.

2.4.4 Effective rainfall for water balance study

- Effectlve ralnfall applled to the water balance study for -
rxVer b331ns ¢éan be deflned as;

(Effective Rainfall)Vz (Réinfall) - (é?apotranspiration]

In order tO calculate areal evapotransplratlon for each river
basin, the following process is adopted.

(1) _Preparation of a-figure showing ET-Altitude relation (Rigure 2-17),

(11) Preparatlon of flgures show1ng catchment area ~ Altitude relation
(Figure I- 15),

(iii) Caleulation of areal ET values in comb1natlon with the above
o figures,



Flrst, process for prepalat10n of & flgure on ETnAlt1tude

relatibn is descrlbed below brlefly. :

(1) Eg!g. Monthly average Meteorologlcal rec01ds obtalned at
' Lyamungn ARI statlon (El. 1268 m) (See Table I- 8)

.(ii)l Calculatlon fo:mula.

The B]aney—Cllddle equatlon—/ is” selected for calcula—

tion of potential evapotransp1rat10n based on

comparison with pan evaporation recurds (see Table I 11)
" The equatlon is expressed as: : S

ETo = ¢ + [p « (0.46¢ + 8)] mm/day

i

| where, ETo. = potent1a1 evapotransplratlon for the month
con51dered (mm/day). ; ST,
t = mean dally temperature over the month con51dered
i _' (Oc)’ 7 L : o _
P :‘mean dally percentage of total annual daytlme

hours for a given month and latitude,

c = adjustment factor which depends on minimum
relative humidity, sunshlne hours and daytlme
vind estimates

(1) Monthly meteorolog1ca1 characterlst1cs such as’
minimun relative humidity, sunshxne hOUrS and daytlme
winds for elevated,areas are the same as that of
Lyamuiga ARI' station, and (2) Temperature falls" at

a rate of O, 600 per 100 o in elevated -areas.

(1v) Caleulation of ETO'-

——— e B ot i ke it b 8 et

Based ‘on the ébo#e"eqﬁht1oﬁ'énd‘assumpfioﬂé; potehtlal
evapotranspiration can be calculated hy the followlng
equat1ons (see Table I—ll)

Aprll ~- Septenber. ETO = 0,117 t + 0.20 mn/day
October - March : ETo = 0.130 ¢ + 0,43_ mn/day

(v} Cla331flcat10n of land cover:

Por the ﬁuprSe of estimating crop factors (ke), land
covers on the slope of Mt. K111man3aro are class1f1ed
as follows. (see Figure I—17) :

Y,

PAO, Crop Water Requ1rements, Irrigation and Drainage Paper
NO.24 (revised), 1977



Elevation Land Use ke

higher than 2,700 m  Bare land 0.29 - 0.96
2,700 - 1,800 m Forest - . 0.85

lower than 1 800 m Plantation & ' 0,90
.. Sparse Shurb

i) 9&!291&&322-92-@1‘- |
_ After detérnxn1ng ETO, monthly ET values can be predicted
3 usxng ‘the orop coefflolent (kc), or

ET = ke » ETO

e e et s ——-—.—-———-—

(#ii) ET-Altltude relatloht x

'FdllﬁWlug the aboveé procedure, monthly ET values for
¢-aréas with different elévation are caleulated and’ then,

‘annual B? values are plotted agalnst altitude as shown
; 1n Flgure I—l? : :

, Caléulatluns ‘of areal ET values for each river baszn wére made
in. comblnatlén with the above ET-Altitude relations. Resulis are shown
in Table I~12 These values will be used for the s1mulat10n of river
d1scharge ‘for the Ran and Himo #ivers as meéntioned in the following
chapter and water balance study d:scussed in’ Annex IX.



3. der616gx |
3.1 Dlscharge Data

. The resp0n31b111ty for 1he collectlon and publlcation of
discharge records rests primarily with the Ministry of Water,. Euergy
and Mlnerals, Dar Es Saldam. Discharge Recdrds from 1955 to 1970 are’
available in the’ Hydrological Year Book publlshed every five. years by
the Ministry. Records of recent ten years were co]lected as much as
. -possible from the Reglﬁnal Water Offlce in K111man33r0, M03h1.> Col-
lected data cover the dally data. and spot data of 21 stations with'
duration as shown in Figure I~18 All collected data are compiled
in the Data Book.

: Slx gauglng stat1ons have been - operated in. the; Lower-Moshl
area by the methed of daily reading of gauging staffs. ‘In addxtlon,
periodic¢al-discharge measurement using éurient meter have been con-
ducted by the Reglonal Water Office. for the purpose te check the ratlng £
carves of each gauglng stataon. -

The gauglng statlns in operat1on in and around the Lower—ﬂoshl
area are’ llsted as -shown below. The detalled 1nformat1on 1s summar;zod
in Table I1-13. . Locations of each station ‘are shown in: Flgure I~l9._; o

Statlpn- Rlver : A;_{  “;_;_. Catchment gOpeqn;ng e Measurlng
number system : Riyer _ ‘area {(km? ) __year _ . method '._
1 BC 3A Rau Rau 300 1960 Gauglng staff
1 BC 35 o Njoro 24 1958

1-BC 6  Mue Mue S - 250 1956 ' P

1 DC 33 " . Miwaleni 81 1958

1 BC 11A Himo Himo . . 272 ‘1968 w0
1D¢1  Ruvu | Rava - 2,590 1957 Auto. recorder
1 DC1 Kikuletwa Kikuletwa 3,840 Coo1es2 0 ow

1

DD 84 " ~ Kikafu : 198 1978 "

The aVerage values fox the collected dlscharge records are'
summarlzed in Table I—14. '

3.2 Check pischafge Measureméht“”

Check measurement of dlscharge of “the Rau river system (down—.
stream of the :‘Moshi-Taveta road), the Himo river and the Miwaleni springs
were conducted during the field 1nvest1gat10n works from January to-
Pebruary 1980, The main purpose of the measurement was:to clavify the
difference between actual available discharge and records obtained from
each gauging station. Locations of the measuring sites and results
of measurément are shown in Pigure I-20. :

I ~ 10



3.2.1 Njoro river'

~osoy., Jhrough discharge measurement, it was clarified that the
Njﬁrﬁf;iyér;prigiﬁétésffyﬁm,lj\spriﬁgsj i.e, 11 springs flowing
- upstream of the gauging station (1 BC 35) and 4 springs =~
- stream as shown in Table I-15. Hence, discharge records observed
from this station are always less than the total available amount, of the
Njoro water. The discharge values measured at the downstréam site afier
all spring water joins with the Njore river were 1.43 times the dis—
charge recorded at this station as shown in Table I-15. '

...’ Based on this fact, modification of the collected data will
~be made in ordeér to estimate total available discharge of the Njoro
river. = ' E .

3.2,2 ' Rau river

: - Theé discharge measured at the upper site (1 DC 5) and the
lower site (confluence of the Njoro river) on the Rau river were 90 and
780 lit/sec respéctively as shown in Pigure I-20. This fact supggests
possibility of{ (1) existence of underflov water of the Rau river, (2)
return flow from adjacent paddy fields, and (3} éxistence of springs
unknown. ¢ T : ' -

,- . During the field investigations, reasons of tho above
difference ‘could not be confirmed, and accordingly many factors neces—
sary for the modification on the observed data at the gauging stations
(1 nC 5) were left unknown, - - "

On the Rau viver, many traditional intakes are located irregularly
" and ‘a eonsiderable amount of svailable water is taken into traditional
furrows. Hence, tecords obtained from the gauging station; 1 DC 3(A),
eannot be used for estimation of amownt of available water for the Rau river.

3.2.3_7 : ﬁiwbléﬁi éprihgs

_ Check discharge measurement for the Miwaleni springs was
carried out twi¢e in Pebruary 1980, The results of measurement were
4,085 m3/sée on 4th February and 4.067 m3/sec on 12th February, which
were not affected by surface runoff by rainfall. S '

S The gauging station, 1 DC 33, is located at the intake Pacilities
for the NAFCO canal, which is located about 1 km downstream from the
Miwaleni springs. The gauging station consists of three gauging staffs,
i.e.” (1) at the inlet of the NAFCO canal, {2) just downsiream of bhe
concrete weir and (3) downsiream of the ‘coffer dam where the considerable

'amount(pf.leakageancUrs;_iTrigls vere made to prepare rating curves for
cach gauging staff in order to convert gauge readings into discharge.
However, réliable results could not be obtained because quality of.col-
lected data“was poor, Hence, recent data collected from the Regional
Watér Office were not used for project plannings., B
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3.2.4 Himo river

On the Hlmo rlver, there are two’ concrete welrs wlth control
gates between two gauging stations, i.e. 1 DC 11° and 1 D¢ 11A as shewn::
in Figure I-20. On the upstream of 1 PC 11, three traditional intakes.
exist and d1Vert river water wlthout contlol. Hence, records obta1ned_i
from the gauglng stat10ns are affected by the dlver51on dlscharge S
of these’ 1ntakes._ . .

" Since’ there aré no Tecords of the amOunt of dlverted dlseharge
for estimation of total available discharge on the Himo rlver, the
discharge records obtained from the gauging statlon, ; hle 11, ‘will be
used for estimabion of expected runoff of the Himo river as a conservat1ve
estimate for irrigation use. :

3.3 Estimation of AVailable'Diseharge

3.3.1 Njoro river (sprlngs)

; The NJOro r1ver 011g1nates from 15 sprlngs as elarlfled dur1ng
the fleld 1nvest1gat10ns from January 1o, Februalv 1980, - The . gaug1ng
stat1on, 1 DC 35, has ‘been operated from 1965 at about 6 km upstream from
the confluence with the Rau river. The Njoro river has a dralnage area
of about 24 kmz, in which the water route is poorly developed. Based on
data ana1y51s and 1nterv1ews of re31dents, the surface. runoff frem the .
drainage basin 1nto the Njoro river ¢an be neglected and hence, the
recorded discharge obtained from the gauging station, 1 e 35, are cena
sidered to wholly orlglnate from a group of springs.

The rating eurve for the gauglng statlon, 1 DC 35, was prepared .
using actual measurement data by current meter as shown in. Flgure I-21.
The gauge reading records (1976—1979) collected from the Regional Water
Office weve converted into ‘discharge using this rating curve. Data from
1965 to 1975 are available from the Hydrological Year Books in the form of
discharge. This discharge data is summarized in Table 1-14(2). :

Dlscharge data in Table 1-14(2) coverlng 15 years from 1965
to date were modlfled using the convers1on rate of 1.43 as. mentloned
in section 3.2.1. Resulls are shown in Table I- 15, and are used as a.
base for 1rr1gat1on planning dlscussed in Annex Y. The average and the
prohable dlscharge are swnmarized as follows and graphed in Flgure 1-22,

Available Diseharge'of-the ijrO'River' : A
{1 pCc 35: - 1965-1979) - C(Unit: w3/sy

“Ttem :Jen Peb Mar Apr Maj- Jun Jﬁl”‘ﬁugf eep 'Oet”‘Nev Dec
Average  '1.45 1.37 1. 36 1.55 1.53 1.56 1.66 1. iy 1. 70 1,63 1. 51 1. 50

Prcbable Dlscharge {Non- eXCeedenCB)

80 %  1.83 1.68 1.71 1.84 1.85 1.96 2.07 2,11 2.04 2,63_1;83;i}§§;1
50 % 1.39 1.22 1.33 1.51 1.53 1.52 1,60 1,62 1.65 1,57 1.49 1.45
20 % 1.06 1.04 1,04 1,26 1.27 1.20 1.20 1.27 1.31 1.20 1.20 1.13
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3.3.2 ,MiWaiéhi‘Spriqgs

0+ i Digcharge ‘measurement for: the Miwaleni springs have been
carried:out at:the gauging station, 1 DC 33, from 1958 to-date, However,
reljabletdaily'réébrdS'aré‘availablé_for'Only 5 years from 1966 to 1970.
BefOre'19655fon1y]sﬁot data‘afé‘aVailable, which were measured for the
purpose of confirming the water source for the Kahe Irrigation Project.
- ALl ¢ollected data are compiled in the Data Book. The monthly discharge
data is swumarized in Table I-16, ' B ' -

o7 The gauging ‘station, 1 BC 33, has a dvainage area of 81 kmz,
and‘the'SeaSOhaliruhoff‘enters_into the streams or springs during the
rainy. season as shown in Figure I-22, Since available data are guite
‘limited {as shori as 5 years) the lowest monthly records for each month
among 5 years data are s¢lected end used for irrigation plamming as @
conservative estimate. - '

Available Discharge of the Mivaleni Springs

- (1'DE 33 T1966-1970) 4 .
e,  .: : (Uﬁit: m3/see)
" Ttem _i'Jé57 Féb -Héf'-épr May Jun Jul.xﬁug Sep_ Qct Nov Dec
Average 13,86 3.80 3.89 4.54 4.65 4.22 3.84 375 3.71 3.79 3.79 3.85

Low 1/ 3,57 3,50 3.59 3.72 3,87 3.83 3.59 3.54 3.51 3.59 3.60 3.6)

"1/t These values are used for irrigafion planning,

3.3.3 f_‘Rau rivéer '
(1) Availability of dald

' Dischérge récords on the Rau rivér are available from two
gauging sites, i.e, 1 DC 5 at-the Moshi-Tavela road and 1 DC 3(A) at
-Kahe as shown below, - - ' :

]Catchméht-_'“ﬂpefétioﬂ g : Recorded

Sta£ioﬁ No. ' Avea ‘Duration (Years) . Data Maximum
1¢S5 122 1955. 1 -.1959. 6 (4) Spot datla 2.30
1DC3  ...300 - 1956, 11 - 1959. 10 (3) Daily data  2.51
1.DC 3A 300 . 1960, 9 -~ {20)  Daily data 2.40

The discharge data recorded at Kahe (1L DC 3 or 1 DC 3A) cannot
‘be used for estimation of expected runoff because of effects by existing
traditional intakes as mentioned in the previous section. On the other
hand,' discharge records observed at No, 1 DC 5 station are insuffieient
because they are spot data measured once a month for four years.

I-13



()  Tonk podel stmilation - T RIS
. Slnce d1schalge records obtaiined on the Rau - rlver ‘are not -
usable for estimation of expected runoff, the runoff’ slmulatxon by use.
of the Sugawara's reservoir model (or "Tank Model") was conducted apply—
"ing data obtalned from “the a&301n1ng watelshed (Karanga rlvel :

o : Flrst, spot data of the Rau rlver obtalned at No 1D05 statLOn'
ard compared. with data recorded on the same date from other gauging sta-
tions such as 1 DD 3 on the Karanga viver, 1 DPD:5A an.the Weru Weru river,
1 DD 8 on the Klkafu river.and! 1 D 11. oen.the Himo river as shown in
Table I- 17 It was found that the runoff pattern- of. the Karanga river .
was: qulte 51m11ar to that of. the Rau- river. with a correlation coefficient
of 88 $. 1lence, Daily records obtained from the Karanga river were used
as an adJusiment index for runoff s:mulatlon by the Tank model.q HE

Second, in order to d901de coefflclents of the Tank (numbers,
size and helght of orifices on the Tank), daily rainfall and evapotrans-
piration data are necessary. _Among rainfall stations, Lyamungu ARL '

- station is located near the’ watershed of the: ‘Karanga river., The recorded
duration and quality of data there are sat1qfactory for: study purposés.-
Hlence, daily rainfall data. from this’ station was used as “input gata

for the simulation. The ¢onversion rates from: point, ralnfall to e
aréal rainfall for the Karanga basin are shown in Pigure I-23,. whlch are
plocessed from Tahle I-10 and monthly average rainfall at the Lyamungu as
‘shown - in Table I-2. "Monthly evapotranspzrat1on values fOr the Karanga'
basin are summarized in Table I~l2. SR - e '

: Based on the above preparatlon, the Lank Model s1mulat10n Was
conducted by the trial and error method using computer. The final model
. selected is shown in Flgure 1-23.  Results of simulated runoff using
the final model are. partially shown in Flgure [-24 in the form of a
5-day average c0mp31ed with the actual d1scharge.. Lo

Gy QEEEEEEEEEE_EE_EEEE§E_EE,£EE_B§E_£EIEE:

RBunoff of the Rau river ath.lleﬁstatlon is calculated hy use
of the final moded applylng dally rainfall data recorded at Hosh1
meteorolog;cal station from 1965 t0:1979. The conversion rates from.
point rainfall to areal vainfall weére oalculated follow1ng the .
aforementioned procedure. Monthly evapotransplratlon used for the cal—
culation are summarized in:Table’ I-IQ._ ‘The est1mated daily rundoff is
sunmarized into monthly values and is shown in Table I- 19, The’ average .
and’ the probable’ dlscharges are as shown below. These are graphed in
Figure i-22. ‘

Available D1scharge of the Rau River = .. .
= (1 pc 5 1965 - 1979) (Unlt,.. 3/sec)*
Ttem - Jén' Feb Mal Aﬁr' Hay Jun - Jul Aug Sep 0ct, Nov - Déc |
“Average - 0.77 1.05 1.85 2,91 3.67 2,37 1.34 0.83 o 72°0.67 1. os 0. 90*

Probable Discharge (Non exceedence)

80 % 1.56 1,95 3.25 6.25 4.10 3.10 1,80 1.37 1.05 1.40 2.65'1.?3
504 0.61 0,70 1.40 3.21 3.50 2.28 1.22 0.72 0.49 0.56 0.74 0.64
20 % 0.23 0.25 0.60 1.60 3.00 1.66 0.81 0.38 0.23 0.22 0.26 0,23
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3 3 4 . H1mo rlver

(O éxezla‘zilﬁz_zf Pete .

Dally d;scharge 1éc01ds On the . Hlmo river are available from
two gauglng stations, ive7 1 DG 11 (operatod from 1952 1o 1959) at the
Moshi-Taveta road and ‘1 DO 11A" (opexated from 1968 to date) at about
13 km downstream of :1'DC 11, Since the’ proposed intake sites for the
projeet are located botweon the aboyve two gauging stations, the records
6btained from the upper gauging statlon, 1 DC-11, are uséd for the study.
AVerage values of this statlon are shown in Table I-14.

—-...—.—_.-.....-...——_—-..-——....._

(2)  Tank Model SImulatlon '

. Runoff s:mulatlon for the Hime river was ¢arried dut by

use of tho Tank Model in order to. estimate expected runoff for recent
years, Daily rainfall data: recorded at the Kilema Mission were used

as input data because this statlon is lodated near the Himo basin and
the recorded duration and quality of data are satisfactory, . The con-
version rates from. p01nt rainfall to aveal rainfall for the

Himo basin are shown in Figure I-23, which are processed from Table I-10
and monthly average rainfall at the Kilema mission station.

Monthly evapotransplratlon values for the Himo b351n are  shown in Table
B 12

‘The' flnal model selected is shown in Flgure I~23. Results
of 51mu1ated runoff using the final model are shown in- Figure I-24 making
comparison w1th the actual discharge, -As shown on this figure, adjust-
ment between 31mu1ated runoff and actual runoff is satlsfactOry.

e : The ¥esults of rinoff estimation (da11y) are summarized into
monthly values.and are shown in Table I-20, The average and the probable
dlscharge are as shown below. These are graphed in Figure I1-22,

Avallahle Dlschargg of the Himo River
(; DC 11: 1968-1979)

_ _ _ ) (Unlt‘ 3/sec)=
Item . Jan Fedb Mar' Apr  May Jun Jul Aug Sep  Oct Nov Dee
Average’ - 0.71 1.02'1,32 3.69 3.02 2, 66'1.98 1.29 1 09 0.80 0.79 0.79

Probable Dlscharge (Non*exceedence)

80 %" 1.04'1,58:2.11 5.70 4,26 3.85 2.90 1,80 1.60 1.21 1.14 1.14
50 % . 0,62 0.75 1.10 3,38 2.79 2. 40 0 1.89 1.25 0.93 0.73 0.66 0.65
20 % 0.37 0.35 0. 58 1.73 1,86 1,47 1.21 0.82 0.54 0.44 0,38 0.37

313-5 Mue river-- .

. On the Mue river, the gauging statlon, 1 B¢ 6 has been operated
at the ra11way cr0331ng from 1956 to-date, The dralnage area at this
station is 250 km2 1nc1ud1ng the Mivaleni bas1n {1 DC 33) of 81 km2 as
shown in Figure I- 19
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The Mue river is seasonal, Lxcept du11ng ralny “sedsons, major
portions of the river discharge recorded at the gauging station, 1 DC 6,
originate from the Miwaleni SpllngS as shown in fhe f6110w1ng iable.--

Comparison of Dlschargp betWGen Mie and M1waleni
{before constructlén of the NAFCO Intaké) ‘ :

_ . - ". L (Unlt: 3/sec)

Item ‘ Jan Peb Mar Apr May Jun Jul Aug, Sep Oct ‘Nov' ﬁec

A. Mue v 3. 64 3.59 3.62 3 7. 47 6.12. 4 .09 3. 52 3, 56 3,51 3. 55 3.55
(1pce)

B. lealenl—/ 3.34 3, 25 3.27 3. 16. 3.74 3, 75 3. 26 3 27 3. 26 - 3;2513,35
(1 ¢ 35} o T

(A) - (B) 0.300.34 0.35 0.61 3. 73 2. 37 0, 83 0.25 0.30. =  0.30 0.20

;/:..Déilf reéorﬁs'frbé'1955:t6.1959-l
2/ Spot data from 1958 to 1959 . : S -
~. (Report No.l, Kahe Irllgatlon Scheme, 1966 by T, H. Mather)

: In addltlon, annual vallatlon of runoff of the Hue rlver 13
remarkably wide duzing rainy season as shown in 1able 1-14. The Mue erel,
except for the Miwaleni springs, is not a reliable water soulce for irri-
gatlon dévelopment., Hence, runecff from the Mue river (excludlng the
Miwaleni sprlngs) are’ excluded frOm 1rr1gat;on plannlng._,

3.3.6 . Annual runoff coeff101ent

As a summary for est1mat10n mentloned in the prev10us sect1on,
the coefficient for annual runoff is estimated as shown in Table. I 22‘-
The results’of estimation are summarlzed as follows," R

Name of ~ Catchment " Amiual Runoff Coeffieient

River : | Area R]P . R/Pe 2/
Himo river . : 194 . 0520 0. s
Mue river ; 85 S 0015 L 0,245
Seasonal rivers 143 0.15 0 324‘yi)
‘Rau river : 122 S 04285 - L 0,46
Karanga river ' - . 21} . i . 0,28 . 0,42
Weru Weru river o140 0 0.29 0 0 e T 0,500

Kikafu river . E 0198 . L 0,85 . . 0.88 .

Note: 1/ ratio botweon runoff (R) and areal rainfall (P). .
2/ ratio between runoff (R) and effective'rainfall (Pe}. -

Based on the runoff cOeff101ent ‘obtained abeve, the Water
balance study is made taking a geohydrological v1ew901nt 1nto COnsidera—
tion as shown in Annex IT. .
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3.4 Flood

3,4.1 Hydrdlogiealnﬂatg._;

. In order to analize the flood pattern, water level data re-
..corded by an automatic recorder are essential as well as hourly rainfall
data.ﬂlFortun@tQ}y,aan automatic recorder was established on the Xikafu

.. river (gauging:statibn No. 1:DD 8A) 'in November 1978, and it recorded

many  runeff patterns during the rainy season in 1979. In addition,
hourly rainfall date are available from Lyamungu ARI station which is
located 9 km northeast of the gauging station. These data are used
for flood analysis mentioned in section 3,5.4. S

3.4;? ' Flbodrmarks o

Flood marks traced by 1979's flood on the Rau and seasonal
rivers were surveyéd along Moshi-Himo road during field work from
January to February 1980. Results of the survey arée shown in Figure
I-25, ‘Based on the results, magnitude of floods for each section were
calculated as shown in Table 1-21. Results are summarized as follows.

Vv . Catchment . = Flood - Specific
_Name of River . . - = Area .. Discharge . Discharge
I (km?) (m3/sec} (n?/sec/kmd)
Rau river . 122 | 168 1.38
Kisiringo river B 14 22 1.57
. Msaranga viver = 17 . 16 2.71
3:4.3  1979's flood on the Rau river

. _An extraordinarily large flood occurred on the Rau river in
-the beginning of April 1979 (hereinafter referred to as the 1979 flood),
.and farmlands of about 8,700 ha were damaged. According to the flood
‘mark survey, the peak flood discharge at Rau bridge is estimated ai

168 m3/sec which is equivalent to 4 to 20 times flow capacity of the
Rau river, o SR :

777777 Rainfall analysés are made ia order to presume probability
of the 1979 fl60d using daily rainfall récords observed at Moshi meteéo-
"rdlégi¢alfstatiqﬂ'which are considered to have & high ¢orrelation with
the runoff ‘of the'Rau river. Results of calculation are shown in’
‘Pigure I-26. -Based on this figure, probability of sterm rainfall
observed during the rainy seasen in 1979 are sstimated as follows.

1 -17



Probabilily of Storm Rainfall in 1979

{(Moshi meteorologlcal statlon)

) i T __Probablllty o
: ‘ _ Date of Ralnfall ' cof Recurronce.
- Fem - ; Gccurrenco _ Depth S Exceedence" “Interval
S o Joolmo) T (@) 0 (years)
Daily Maximum Rﬁihfafiz 5:4IJ?AQr. ”;;.147_' 9 ‘i‘_‘-tli,f 
Consécuti?e'Raihféll - S ERRLS f; Co :ﬁ‘; 
2-day - 6=T Apr. - 190 ‘8.3 SR -0
- 3-day 4-6 Apr. 322 2.0 50
5-day - 3-7 Apr. 375 2.0 50
Monthly Rainfall S o _ o
- Mareh . . March - . 127 33.0 . 3
April . . April - . -710. 4.0 . 25;
May .. May 229 33,0 3.
Rainy Season Rainfall - Mar.-May 1,066 ‘. 3.2 31

- Fdr the past 30 years, a stora rainfall (daily maximum and
- 2-day consecutive ralnfall) blgger than that in April 1979 Was observed
" as llsted belaw. : . .

Storm Ra1nfall at Moshi Meteo Statxon"

Dally Maximum: Ralnfall . . 2—day Consecutlve Raxnfall
Date ‘Depth Date -Dep

27 Apr. 1956 178 - 27-28 Apr. 1956 - . 108
19 Apr. 1960 - - 158 o :19-20"Apr‘ 1860° - 277
'_19 Apr. 1970 . T S :21—22 Apr. 1971 R 7201

(4 Apr. 19(9) i,r‘;_(147) o :__ﬁ' ( 6-7 Apr. 1979),; ._:,(1§0)

Accordlng to 1nterv1ews of farmers, the 1979 flood was an ex—
traordlnarllyrlarge one. compared thh flooeds caused by the sborm rainfall
listed above.. In addltlon, farmers Sald that the. flood water standlng
or overflowlng on the: f1eld along the Ran river ‘éontinued up to mid-April.
Accordingly, the 1979’ flood is considered to be caused by 3-day to S—day
sonsecutbive. storm ralnfall. In other. words, the 1979 flood is equ1valent
to the 50~yeal recurrence 1nterva1, of 2% probablllty of occurrence.:_,
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3.4.4 Calémlation of peak flgod didcharge

... .The peak?ffﬁbd;diééharéé‘fof_fhe-Rau; the Mue, the Himo and
seasonal rivéers is estimated by using the Rational formula as shown
béalow, S e o

Loy
Q:P‘l—- 3.6 " Te A

wheres. - Qp = peak flood discharge'{mé/séc)
. Yo

Il

éfféctive'rainféll7in10n81ty {mm) -
A = catchient avea (km°)

_The éffective rainfall intensity uéing'in this formula is
estimated based on runoff analysis for the Kikafu river on which water

level data from an awtomatic recorder are available. The procedure
for estimation of peak flood discharge is'described below.

ﬁl(l) 'Aﬁalysis of records of the Kikafu river

P . Water level data obtained from the gauging station, 1 DD 8A,

are available from December 1978 to-date. Puring the rainy season in

1979, several heavy storm rainfalls occured and consequéntly high veter
levels were recorded by the aulomatic recorder at the gauging station,
1 BD 8A, . ' ' - e

A rating. curve for the above gaiging station is prepared
based ‘on’the discharge record obtained by éurvent meter. FRigure I-27
shoks the rating curve drawn by use of the least squares method, '
Water level data can be converted into discharge using this rating
curve. : : ) v

- t:! Then, hydrographs at the gauging station are drawn together
with hourly rainfall observed at Lyamungu ARI station. Among them,
hydrographs: which resulted by a heavy consecutive rainfall more than
30 mm déep are selected as shown in Figure 1-28 and I-29., They are

analyzed as- shown below.
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Analysis of Hydrograph for the K1kafu R1ver L

Gauglng statlon‘: 1 DD SA
"Rainfall stationtrtLyamun%u ART (93. 37/021)
Catchment area : 198 km .
: ' C Hydrograph ]
Ttem ' 1 - 2 o 3'_
Date of record iﬁ-1980 Cooe 4-5 Apr.- 30 Apf;+1=Hay .?fB June
2. Consecutive rainfall (mm) 21001 - 32}4- 49.0
Peak discharge (m>/see) 253.89 82.82 43.61
4. Tp; time from start of rise 420 300 - B840
to peak rate (mxn) o S R . ;
5. Rainfall within T'p (mm} o 177.0 318 . 47.6
6. Ralnfall 1nten31ty within Tp S 253 0 6.4 0 A
(mm/hr) o _
7. Peak funoff coefficient ( ) 18,20 ‘23:4 : -7 23.5
_Effect1ve rainfall intensity N D T B 0.8
: (mm/hr} LR e w0 T DA

Then, the effective rainfall inteﬁgiﬁy (re) obtained above
is plotted on a full-logarithmic section against. time from start of
rise to peak.rate {Tp) as shown in- Flgure 30. .. Based on the above
e - Tp relation and the emplrlcal formula used. in Japan, . the. follow=
ing equation is prepared and applied to estimation of peak flood - -
discharge. _ : B
. Tp = 240 * '_,re_o“js ‘A0.22 .'““" - -"- a:-‘- o.ri‘- (l)
where:: Tp = time from start of. riéé-io peak: réte“(min)-:aw

Ye = effectlve ra1nfall 1ntenS1ty (mm/hr)

A= catchment area (kmz)
Then, the peak runoff coefflclent (fp) applled to the draln—
age basin for the Rau and other rlvers is determlned at 25% as 8 con-"

servative estimation.

(2) Procedure of estimation of peak flood discharge

The procedure of estimation of peak flood discharge is as
follows.

1- 20



i) Bstimation of_prébable daily rxainfall (Ro4)

o ~ Probablé daily rainfall for catchment areas are
deterninéd by Figure I-11 (- Variation of daily maximuwn
rainfall with altitude for catchment areas) in combination
with Pigure 1-15 and 1-16 (= Variation of catchment area

with altitade).

i1) Estimalion of effective rainfall intensity (ro)

o ’:Bainfaii'intensity is calculated using the follow—
ing formula as determined in .section 2.4.2, -

. t - t 24 II'I.II.II‘..IQICIIIC
where; ry = rainfall intenéity during t hours (mm/hr)

Ro4 = probable daily rainfall (mm)

It

- time (hours) -

'Then, effective rainfall intensity { rg) can be
caiculated as follows.

Te=fp ' TH=0.25 Ty oiiinninennn. (3)

whére; re = effective rainfall intensity {mm/hr)
fp = peak runoff'coefficient '

(14) Estimation of peak fleod discharge
_ Por each river basin, the Ty — Tp relation is
‘obtained by the equation {1) and then, the " ¥y, -~ t relation
""is obtained by the equation (2} and (3). Prow these two
relations, the re value for each return veriod is obtained,
A sample calculaticn is shown in Table I-23.

_ After détgrminiﬁg {he- ¥e value, peak flood dis-
.. ..charge can be ¢alculated by the rational formula mentioned
above, .

(3) ‘Results of estimation
_Fdilo#ing-the procedure mentioned above, the peak flood dis-

charge-”for'edch river is ohtained as shown in Table I-24, and
summarized belaw.
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Peak Flood Discharge
{at Moshi-Hiwo read)

(Unlt 3/590)

Cntﬁhmedf' S | Return Perlod

River ) Area 5 10 .20 50
. {(km2) L
(1) Rau river - S22 125 159 193 237
(2) Mue river L 85 86 - 110 130 158
(3) Himo river ~ . 194 205 0259 312 393
(4) Seasonal rivers (refer 1o F1gule 1- 19) _ _ ’
1. Kisiringo 14 2 27 32 40
2. Msaranga _ 17 26 33 39 49
3. Msangaji = 10 14 18 22 27 .
4. Mola . T 11 14 17 2L
‘5. Mlalo. 9 15 18 22 27
6. Nanga | 21 18 38 46 57
7. - _ 8 12 14 . 17 21
8. Cholo = - : - g 8 - 20 2 29
R PR j 5 8 1w 'mn 14 -
10. Ychira -24 30 39 47 58
11. Kandalu . _ : 4 6 B § 9 10

12. Urenza - 15 20 25 30 38

The above figures are applled to the flood protectlon plannlng
dlSCHSSEd in Annex VII.

, Accordlng to the above results, the estlmated flood discharge
based on flood mark survey is equivalent to the fOllOWlng probablllty
of occcurrence. .

Estimatéd?.-Pfobaﬁiz{ty

.- Catchment Flood - of Return
Name of River -Area " Discharge  Occurrence . Poriod
T T T e T Tysars)
Rau river 122 168 7.9 13
Kisiringo river 14 S22 149 0w T
Msaranga river : 17 46 - 2,5 40

1 - 22
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Table -2 AVERAGE MONTHLY RAINFALL (1) i
L . -.,.: (:‘vl.liti naa}
_ S e oo - Ce ©C Knaled  Aeside
: L Station o7 : - N T e Mew e Jetald ‘sbie
No (ﬁkiatond Na.} dan  ¥eb  Mar  Apr May  Jun . Jul  Aug - Sep Ot Koy Dec }_h-x, . Nos.
: . - Hin. - of Irs
I Masazs Estete Ave. 6% 38 MO 37} 287 77 48 28 21 3. 86 5B 1360
(93.37/002) Mix. 23 133 <64 895 1005 254 216 122 190 136 475 261 100 23
; Ko, 0 6 0 10?7 4 1 .0 0 .0. b O L0 e
"2 Moahi Meleo - Are. 41 5L 109 302 Q66 29 16 U3 167 32 34 49 (818
Station Max.. 166 113 360 T52 . 404 108 - 93 62 135 139 423 2y 1;¢ 50
(93.37/00¢) Mig. 0 0 3 49 4. 0 0 0 0 0 0 0 [ .
1 Eibosho Mission  Ave. 88 6¢ 1)) 507 478 180 104 S8 34 I3 95 - 86 1861
{93.37/008) Max. 497 236 376 1204 958 397239 AT 271 .- 200 663 - 363 1204 13
S Min. © 20 0 13 & 59 6 29 T 0066 4 b
4 012 Moshi School Ave.  $6 47 136 316 356 65 3¢ 2 21 . 46 80 T2 1310
{93.37/009) Max. - 233 K3S 332 FI6 . S44 25D 236 81 183 309 6dS %% 716 3
~ Hin, ] o to 1> 10 0 o ¢ 0 o "0 -0 .0
5 Kileza Missico Ave.. BT 98 22 483 i) 108 64 . 66 53 88 169 110 1862. )
- (93.31/01%) TMax, 44200 426 664 1094 - 5B4 420 1B ¢ 268 0 276 413 Td4T 466 . 1094 50
IR Mie\, ~- "0:" 9.° 0° 122 & 0 0 .0 6 "0 3. 2 2
6 Sings Chini © - -Aves 0 28 - 32 92 373 254 46 29 16 13 22 93 4B 1064 =
{93.32/018) Muwo - 167 147 224 762 - 450 131 65 38 4 62 66 183 162 118
Kin, o 0 8 5 & o 10 0 ¢ o "o o 0 :
7 Lyssungu Cavs. o 51 6% 11z 530 423 113 61 3% ¥ . 19 . 36 ‘15 i
Ce093.37/021). 0 L Mek. 2010 2467 374 10)41 901 288 152 116 NGB AT 708D 280 44
: S Mg 1 4 4156 iid 9 I 0. 0 4 6 4
8 T.r.C. la"uf-.uni Mve. 38 35 6 M2 61 6 8 5 9 19 45 36 41y L
{93.37/028 CoMaxe 153 B34 M7 A3 197 28 0TI 26 69 95 239 116 .41 ;42
: Mip. 6 0 0 2 0 [ 4] o o o o o .0
5 EKiyuhgi Ave. 36 45 BET T 129 A7 7 I MM 21 35 U de éed -
(93.37/029) Max. 1SN 1TB 232 542 M8 102 50 10 11§ 15T 302 254 %42 - 48
S Min., O 0 0 1w 0 o 0 0 6 ° o - o :
10 Hiao Sise} Estats Ave. 352° 61 116 199 124 23 13 11 m W 101 91 403 v
($3.37/031) Max. CIBF 260 353 415 408 119 . 60 0 76 BN 169 423 M- 42 Y
_ Win. 9 ) 6 % T .6 6. 0o o 6 6. o o
11 Kabe Railvay fve. 25 25 54 M6 T4 7T 6 1 8 13 27 36 398
Station Max. 130 125 199 364 221 61 6 53 9B 91 161 \3F 354 34
{93.37/036} Mis. .0 0. 0. .0 o "0 ¢ 0 0 0 0 o 1o
12 Mairange Ave. C TX. 9% 227395 258 83 € 51 a3y 97l 1ay..ior il
_Collefe Max. 271 242 523 190 510 304 185 181 )7 - 450 . T61 .- 390 - 790 3
_(93.37/046) Min. 0 T 185 66 6 0 -0 ¢ ‘o 's o .0
13 01d Moshi . dve. S T8 © 90 N20 519 M0 1) T2 . 56 32 v T3 an 109 196y .
" Nuisery - Max. 229 243 M0 1096 €80, (73 20% 1126 " 123 307336 0 120 0 1096 33
(93.37/064) Min. © 0 . 10 6 & . 164 .. 14 .21 13 G0 6 n9ii2s [0
14 Kifars Siaat  Ave. 40 B S8 100 760 6T 9 o 4 8 M 6l &s e
©  Estate Max. B13 01370 38¢ 333 190 82 S0 C2) o 32 ot 2437 ap2 - 35 15
{93.37/012) Min. . O 0 0] Mo b 0 00 0 e 0 0
15 Moshi Prisea Aves 35 39 82 84 130 23 10 B 1K N T % W7
(93.31/013) Max, 177 108 23) 149 252 101 55 62 . 66 176 512 1Bl 49 29
Min, 0 0. 6. M 28 0 0 60 0 0.0 |0 '
16 Lyahirimu Ave, 132 BY 207 357 182 61 65 60 46 75 196 - 123 K661
Mwika Kax. 381 285 429 763 412 13 160 127 163 207 3B) 45T 743 .. 0
{93.37/085). Min, 0 0 i3 12 19 1 23 8 o 2 18 n .0
17 Kirua Vunjo dve. 119 135 298 5T¢ 392 1007 118 66 53 208 F3L} i{) 114)! .
(93.37/086) Max, 246 382 818 1048 984 . 264 263 167 214 1151 699 359 1141 A5
Lo Min. - O: 33 88 215 153 - 10 -5 12- 0 0620 0 16
TRANEE B £, 567 41 98 300 132 0M 00 B M M sa 43 ssy
Mosbi Max. 204 176 24T 760 336 90 92 60 By 13 244 158 76D 24
{93.37/091} Min. 0 309 42 M 0 0 0 0 o b] 1 0




1

Tablé [-3 - AVERAGE MONTHLY RAINFALL (2)

(tnit1  waa)
_ . Sh;ih' : . : ; . Wmnual Avsil-
atlen L Jas ' ; : T
Moo (laghitered No.) 08 Peb K& fpr May dun Jol hug Sep Oct  Nov  Dee GoMT  wble
' ' : i : : Mig, ot Yra
19 Kileos Yorest  Ave, - B0 L2 186 618 241 187 149 | 65 - 75 NS %0 2008
Suatien . Kex. 135 301 335 3263 343 388 305 1B a7z 165 156 123 1263 ?
(93.31/120) Ko, 1} 60, 86 170 158 20 6. 15 12 18 4 70 M
20 TR0 ladgasant Ao 43 033 24 19 86 W2 8 5 13 a1 4 46 o
North < Hor. ™ 198 103. 374 433 284 88 48 26 43 142 a1 199 48y 414
(93.37/122) _ Misn, o o 23 19 0 0 o ) o 6 "o . o _
21 Mava Semteary Ave. ST 108 5T 63 298 129 82 1 71 &) 152 87 1881
{93.31/12)) Hax. ' 130 204 . 261 989 6 . 234 130 85" 152 224 465 11t 989 ]
Min. 2% 4 50 .3%6 162 44 17 2 € 312 N 26 6
22 Niwalani @ dve. . .35 46 112 238 92 a1 B 6 AT 17 38 30 705
Sub-Station Mex. MBl- 127 347 368 230 S4 52 30 61 94 89 136 168 9
{93.37/131) Mo, . 3 "9 4025 . 1. 0o 06 0 0 t4 12 0
2) Uro Estets Ave. . 36 ST 45 526 316 140 81 54 35 43 106 69 1ess
{92.37/140) Max, 139 1L 28 919 670 8 175 115 B& 252 401 220 919 10
: Mio. .3 12 "3 M 25 30 30 15 3 9 10 1 o
24 NAYOO Nahi Ave. 37 31 68 139 T 15 5 7 12 W 32 . I8 s
Estate Max, 114 68 247 64 186 54 3T 21 4a 60 184 129 364 14
(93.37/143) Mie. .0 "3 .0 ¥ M- 9 0 0 -0 o0 0.0 o
25 Ni. Kitisaojars  Ave. 90 113 196 247 186 120 84 - 8o 61 91 95 69 - 1434
B v, Kai. - 233 330 406 165 36 243 219 163 243 445 360 119 765 20
‘ 5 Blo. © 4 .28 48 46 48 M 1 B 4 14 27 14 ks
26 Wi Kilisiajare . Ave. 91 122 132 167 120 - 90 68 5T 41 5T 76 4. 109%
28Tl Max, 02600 3ML 613 499 270 186 178 125 114 134 147 185 . 613 16
: : Min. 3 42 3 3% 2% 2 2% 3 13 B33
27 Mi. Kiljmanjaro™ Ave. 43 48 86 96 70 37 26 2 16 29 50 2y 547 ,
B Max. 217 209 376 267 - 133 - 95 96 82 63 115 119 1t6 . 376 20
Mis, 2 2 T 28 16 - 5 2 0 o & s o
2 M Kilmanjero  Ave. 13 19 30 35 2 1 5 5 5 8 s g 181
a0 Max, - 34 " 78 189 127 1B 56 I8 16 48 41 - 5T 8L 189 - 20
‘ : Min. - 0 0 o 3. 0 ¢ o o o o ] ] o
29 Kt. Kilimenjere  Ave. = 36 40 60 122 52 4 3 T 3 12 2 16
& Msx. 273 ‘118 330 813 249 65 5T 10t 55 €4 13 181 31t 20
' Kia, -0 0 0. 0 o 0 ¢ 0 ¢ o 0 0 -0
30 T.2.C. 27 Aves M5 87 219 8 T 5 3 12 oA 43 3 sa
o Mex, 163 81 246 392 A3 33 2 23 54 9 119 113 392 20
; Min. 06 "0 4 .32 3% 0 ©. 0 © o o o o
3 T.PC.Cabp 8 Ave. 36 21 80 45 - T3 5 2 a1 16 st 21 ase
o C Mex, T 52 45 M7 B3 0B 29 17 50 64 143 14 M7 20
. ‘ Bia. = 06 o0 $ 29 2 o o o0 o o o0 3 o
2 TPC.Caxp20 Av. 39 2 B2 14 60 B 6 3 12 20 31 3B 4 _
: Mex. 167 T4 306 392 181 38 28 i%5 . 49 I 183 11t 392 20
7 Kin. =~ 0 0 ° 0 20 17 o 0 0 0 o 0 0 o
3 TRC BAres  Awa. 42 37 90 -200 17 6 5 4 10 12 46 33 564
; oo Mexo 13963 2220 392 139 0 20 28 1} 49 11 183 92 W 12
j - Kin. -0 6’ o -3 17 0 Y 6. 0 L 0 0 o
M OTPC. 20tres  Ave. 42 27 88 182 . 15 12 4 4 14 17 3% 40 344
: : Co o Mex. 183 85 282 1315 233 33 29 17 48 49 10 127 373 "2
S Mim. 0 1 24 24 16 ¢ 0 ¢ ) 0 0 o 0
35LEC. D25 Ave. 4T 28 92 .200 82 13 1 8 14 % 33 39 398 _
: ’ Max, 192 110 - 34T (402 . 216 40 25 26 52 6% 12y 144 102 14

Min, . 0 R I L (i) o 1] 0 (1 DR 2 o
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Tablo T-11 - CALCULATION OF EVAPOTRANSPIRATION

Bianéj'- Crridle Formulal/
ETo = C-[p:(0,46¢ + 8)]  mn/day

-where, ETo = potential evapotfanspiration for the month considered

:(mﬁ/dSY): |

t = mean daily temperature over the month considered (°¢),
= mean daily porcentage of total annual daytime hours
for a given month and latitude,
¢ = adjustment factor which depends on minimum retative

humidity, sunshine hours and daytime wind estimates

e e e e e e e e St e o

::E(Hetéofological data is shown in Table 1-8,) - Unit: m/day
Formla  J P M A M J 3 A s o N
S ClassApan. 2,9 3.0 2.7 L3 1.1 1.4 1.5 1.8 2.3 3.0 2.7 2.6
‘Blaney-Criddle 3.1 3.1 3.1 2.5 2.3 2.2 2.1 2.1 2.3 29 3.0 3.

Penman 4.4 4.6 4.5 3.5 2.9 2.6 2.9 3.3 3.8 4.2 4.3 4.3

Note: Pan coefficient = 0.8

o N DU A
(2) _Relation between ETo and t  (Station = Lyamungu}

ITeM _§ kM A M _J 3 A s o n
P 0.277 0.277 0.277 0.270 0.270 0.270 0.270 0,270 0.270 0.277 0.277 0.277
N 0122 12,20 12 12,0 12,0 11,9 11.9 12.0 12.0 12.2 12.2
T 76 6.9 45 34 33 38 47 6.0 7.0 6.9
n/N 0,62 0.62 0.57 0.38 0.28 0.28 0.32 0.39 0.50 0.57 0.57 0.59

Rlmin = 56 58 59 72 74 70 66 62 57 53 58
Prediction Curve No. _ ' o
o VI VIT VI IX -IX X IX IX IX VI VI

' April - September

0.127 t + 2.22

f

October - March =0.124 t + 2.16
o April - Soptember ETo = 0,117 € + 0,20
ETo

~ October - March ETo = 0,130 t + 0.43

1/ FAO IfiigatiOn an&‘Draiﬁage Paper, No.24 (revised), 1977
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‘Table I-14{2) = RECORDED MONTHLY DISCHARGE

River: Rey " “Geuging Stetlont 1PC 3
TR AN U REBT U MAR. ABR  MAY  JUN WL AW s 6t Y DEe
1956 - ';',. Cme s “ s - L. - - 0.3} 0.1
1957 0,237 046 6,24 - 0. 192 182 L 1.3 6,96 0.716 0,85 1.02
19587 L 0600 055 0.4 0.5 LI 203 2,16 L5116 L.08  0.95  0.7¢
1938 0Tl 0.67T 044 0465 677 013 021 0.19  o.24 o - -
MEAR 0,30 0,56 047 066 19 LT 1,32 094 0.17  0.67 071 - o0.63.
River: &g. - Gavgirg Station: | 0 24
YEAR SN PEB U MAR CAPR._ MAY  JUN  JUL . AUG - SEP  OCT KoY DEC
1968 = e e - - S e = - - T 246
1969 .24 1.19  1.20  0.73 1.07 0.8l 0.3 0.4 - 0.25 0.25 0.2l  0.2%
1970 S 0I9 034 - - - 1,56 1.56  1.06 0,17 0.6} 0.54 0.46
L U U R - - - - T -
1912 -0 0,13 - 0 0.67 0,820 1.4 LIT 115 038 . 046 0,33  0.28
1973770031 (0,37 044 -] 1,36 0,95 0.72  0.45 0.21 0.62  0.9)  0.92
1974 ° 0,68 0.64 0.5) = 1.59 - 0.93 1.96 - 0.50 0.21 0.08 0.01
1978 0.04 0.07 0.08 0.02  0.22 G604 0.05 0.06 0,01 0.313 . -
96 o L . 0.06. 0.10 0.02 0.00 0.00 0.02 0.63 0.02
KEAN . 043 032 0.56 0.52 0.9 0.88 0.8 046 0.5 0.7 035 0.4
. ‘River: Njoro  Gsuging Station: 3 D2 35
IEAR JAN FEB MAR AFR . MAT JUN JUL AUG __ SEP T NOY DEC
1965 LA 129 1220 104 NZz0 19 s tas bas 1.2 1.1 o7
1966 1.0z 0.97 099 LG4 099 1.03 1.6 1.26 123 L2 1.0  M.04
1967 .91  0.76 ° 0.49 019 0.9 092 103 L2 1.37 1.5 . 1.50 1.4
1968 . - LM L2 125 140 137 .65 1.83  1.9) . 1.85 LT4 168 1.8
1969 1,53 1.4 o138 1,26 L7 L2} L9 1.20 L5 LT 1.2 1,05
1970 1.6 0,98 1,06 16 1.09  L21 1.3 1.38 1,25 L4 09 6.8
1971 0.27 0,58 . 068 131 L4 L3611 L3 ST LSO 0.96° 1.57
1912 1220 0188 0 ha22 . 122 2,40 (1.46) - 1,52 14T L3S 1.2 {1.16) 1.04
1573 - LOOS (D.99) . LGO. 0,97° 117 L0l (LL9Y) 0.9  0.93 0.62 0,81 0.88
1974 0.81  0.79 0.65° 0.9 09 0.88 0.9 0.9 0.93 0.9 0.99 0.89
1973 .. 0.82 0,75 076 1,04 0.97T 6.88 0.78 0,82 0.8% 0.9 0.80 0.8
1976 0.50° 0,49 0.46 0.6 0.60 0.50 0.50 0.47 0.5 0.51 0.48  O.47
1971 0.47 . 0.49° 050 0.13 0.70 0.6 0.56 0.60 - - - -
1978 0.66° 0,66 O.7L 071 0.67 © 0.3 €.79 0.80 086 0.93 0.57 0.92
1919 0.87  0.74 . 0,83 1,06 1.04 . 0.96 1.00 - - - - -
MEAN . 0.92  0.94 . 0.89 Lo 1.10 L0516 LM 116 L1 1.0 1.06
o River: Muj Gauging Stationt 1LDC 6
TEAR JAN  WEB MR AR CMAY  JW g, A® ssP obT NOY__ pec
1956 - - - - - - - - - N4l 3
1957 - 3,46 0 271 3.4 309 8,36 462 AT 347 343 340 171 4.60
1958 - 3.70 © 3,63 .72 9 10,74 BL 45T 336 349 351 .55 3.55
1959 3.38 3540 331 75 4200 352 3,60 J48 0 3.62 - - -
1968 v - . . " - - - - - - 5.08
1969 437 4,02 402 3,94 3,82 3,78 3.82 3,85 - .73 3.7 1,66  3.63
1970 189 .39 - - 8.31  3.87  3.92 3,70 3,69 363 45 3,23
1971 3.70 . 3.42 2,86 7.35 13.65 8.8 4.06  3.02 3.13  2.61 2.45 2.37
1972 Lad 2,10 2,55 4,23 2,20 5.90 4.05 363 305 2,20 391 .19
1973 417 392 2,48 - - 28 3.9 4z 32 w22 318 2,97
1974 311 2,94  2.83 - 6,39  4.82 5,53 - 3.65 3.67 - -
1975 - - S M52 353 MM 326 19 .28 .09 2,11 2.55
MEAN 3.32 0 34T .20 434 AT 5.06 4.02 348 343 324 335 .47




Table T-14(3)

RECORDED MONTHLY DISCHARGE

Rivers Soko - Gauging Statfon: L PO 30N -

TEAR AN PEB  MAR  APR  MAY JUN _ JUL _ AUG  SEP oct &g
1968 L R T - - s m e e
1969 0.23  0.28 . 035 040 0.9 - 040 047 04T 0.5 0.5 058 0.3)
1970 o TR L A T b 035 0.2 0.8 035 l0402 6% .52 01
1971 0.71 - 053 071 (0.7 216 048 D30 051 049 048 "0 0.56
1972 0.57  0.34  0.65 0.36 0.8 0.6 0.3 057 051 .6l O 077
1973 0.68  0.834  ©.89 - - 0.7z 0.64 080 097 1.6 1M1 169
NEAN 0.58  0.52 065 0.58 0.84° 0,09 0.0 0.54 0,58 0.67  0.65 0.7
_Rivert Mivetent Spring  Caugicg Statfons 1 DG 33 -
TEAR JAN _ FEB_ MAR _ AFR _ CMAY  JWN UL AW SEP 0T . WOV DR
wes - e el A UL g
15656 4,22 4 412 4057 496 383 359 336 351 360 3,600 3.61 .
1967 357 3.54 359 72 401 42 370 312 3,70 365 ).68 3.65
1968 - 262 358 3,72 4.9) 491 474 294 3720 353 359 362 0 370
1969 373 3,99 386 39T 39T 391 292 391 394 401 4,02 4.3
1970 417393 44 592 530 441 405 388 386 410 4.0 3.96
MEAN 3.86  3.80 383 A4 465 A2 3T 335 3T R0 319 390
River: Biwo . Geuging Station: 1 DC 11
TEAR JAN_OFEB MAR APRMAY  JUN AL AW SEP 0T OV DEG
1952 o L - - - - - - - - . 0.51
1953 044 0,33 © 041 . L4l 405 3,001 1.47 - 1,36 1,24 2.19 -
$954 - - - 9.38 ~ - - - - =" - -
1955 - - L- "‘_ - - - - - - - -
1956 - - .93  2.01 1.8 1.9 - - - - = -
1957 . . - 476 529 30 1,13 L1 - -. - 4
1958 .45 1.1 113 280 1235 .32 439 255 175 . 1.4 0.8¢ 0.89
1959 0.713 o, 0.66 - 1.44 281 180 164 176 162 103 - -
MEAN 0.88 071 078 %64 528 288 2.1 1.8 158 L7 L52  1.90
River: Higo Gaugitg Statten: LOC MR | .
TEAR JAN FEB-  MAR APR._ MAY  JUN UL AW SEP  oCT Moy DEC
1968 < - - - - - ca - e )
1969 2.68° 2 2,29 © 2,20 321 L0550 0,83 0,66 048  0.5¢ 0.46° 0.51
1970 L1 1. 3.38 13,55 . 6.40  2.56 -1.06 0.4} 0.3% 0.26 0.21 0.27
1971 .07 0. 012 7.56 13.82 4.83 2,62 161 0,91 0.3) 0.07 0.10
1972 0.20 _ 0.0l - 0.76 - 6.73 5% 1,82 . 0.71 - 0.47 ~ 587 337
1973 .18 2 1.4 2,05 4,69 1.92 0.87 0.50 0.22 0O.i4 0.12 0.10
1974 0.12° 0, 0,04 8.52  9.35 667 9.8 570 2,97 1.80 1.97 0,52 .
1975 0.29 o 0.8¢ 41 2.2t 1Led 0.98 0.7 0.60 0.36 1.3 -
MEAN 0.92 118  1.44 554 6.63 3.3 248 148 0.86  0.57 1.42 2,27
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Table 1'-14(4)‘ _ RE_CPRDED _MONTHLY  DISCHARGE

Rivers Ryry . . Qauging Station: 1 DO )

L IBAR Lo JAN FEB . MAR _C ATR . MAY JUR JUL AUG SEP ocT NOY DEG
1957 . . = - oo - - - - - - 10,25 16.34
1938 9.3 322 1056 14067 345 30,43 20,10 . 14.49 1103 10,07 9.85  9.40
(1959 8.88 9,01 9456 12,18 14.5¢ 10.9) 12.35 12.41 11,51 10,05 T1.98 8.04
1960 0 8.6 B4 T.69 297 26.60 16,24 11,92 10,32 8.84 B.61 854 7.49
1961 - &5T 6.3 - 612 1,53 T.88  6.80 136 724 129 8.9¢ 3224 4162
1962 39.33 22,64 13.91 12,86 20,33 .18 31,10 ‘10,62 9.80 B.15 8,04 9,95
1963 D79 10,79 IL31 19,64 M8 20,36 18,77 14.52 0 12,03 10.60  14.49 22.20
1964 14.89 10,48 11.06  30.66 39.3) 25.82 16.71 14.8% 12.5% ILIT 16,78 12,30
1965 13.53 1091 95T 14036 13040 12,64 11.96  12.45 11,10 12.14 - -
KRAN  © 1461 11,38 10,1} 1776 23,86 1T.30 1399 12,12 10.58 10,12 12,14 35.92

River: _Ruwva, Gauging Station: L DG 24 )
IEAR i JAN PEB . MAR AR MAY JUN JUL AU SEP oCT NOY, DEC
1965 - 9.3% 63T 5.5 | 7.59 - 6.69  6.69 6.4l 681 5.97 6.86 6,58 7.9)
1966 6.13  6.19 8,66 13,88 10,28  8.71 6.95 6.00  5.21  4.72  4.4%9 4.39
1967 393 3.5 342 802 12,89 9.3 75 1.1l T.41° 590 .5.68 7.6}
1968 4.88  3.94 13,88 4978 29,25 17.16  11.12  £.82 6.82 S.T4  7.95 15.44
1969 6,84 6,60 - 8.18 10.0) 101 7.45 6,78 7.60 .$.91 5,98 £.71 8.0
1970 6.10 . B8.40. 6,76 19.9% 12,58 8.14 6.7B.  6.28 . 5.62 4.31  5.18  6.52
1971 . 6.87 .27 -, 6.7 1147  11.2)  8.20  7.57 - 6,28  4.8) 6.28
1972 5.1 8,26 634 5,87 B4 230 6.69 641 504 6.15  9.81  10.23
1913 . - . . 7.08 - . ML.67 10.M4 6.36 T.06 6.23 . 5.61 5.08 1.63 7.06
1914 .4 a7 - - 3.76 5,52 5.46 597 5.9 448 448 4,91
1975 513 3.9 4,50 10.3% 85T 4.69 2,75 2.86  3.12  3.3¢4 4.61  5.08
19715 .73 3.62  3.93 - - © - - - - - - -
HEAN 5.75 5.77 6.76  14.40 11.4% B.42 6.24 6.50 5.76 5.40 6.18 7.59
o+ Rivert Eikuletws OCuuging Staiion: } DD )

TEAR “JAN _  FsB MAR _CCAPR MAY JUN . UL AUG Skp ot NOY DEC
1955 - A tae - - f . . - - - %82  11.26
1956 15.38 - 13,36 13,27 22,57 .4 2695 16.09 13.98 13.19 1117 L33 1111,
1557 12.69 - .09 10,52 30,08 91,82 14.0¢ 22,07 16.47 12,88 11.89  21L.39  30.96
1958 . 14,78 - ¥8.92 16,84 © 27.26 58,80 . S1.57. 26.36. 17.94 13.40 11.62 11,77 14.55
1959 12,08 11,88 12,41 28.6) 36.27 16.68 18,39 16.24 12,13 12.06 - -
1560 - 14.94¢ 1215 - 4793 .82 36,33 25.29  19.38 16,39 21,20 10,97  10.63
1961 .. 9.8% 10.04 9.%0 15,56 . 13.72 10,10 13.86 .54 1:,03 18,3 . - .
1962 - - - - - - - - - - 10.08 14,11
1963 12,83 - 10.84 13.26  49.56 £9.89 32.5) 27.17 16,34 12,91 10.79 23,59 27.90
1966 - 2346 12,72 18,84 100,81 99,28 48.90 27.37 20,98 17.06 15.64 14.55 16,30
1965 19,97 - 13.21° 12,90 42,20 35.04 39.53 13,30 12,34 10.89 12.66 19.47 14.12
1965 . 1193 13035 22,79 6179 59,53 42.52 27.28 1457 1.1} 10,40 12.3%4  11.45
19467 10,42 10,61 10,64 21.64 64,38 .39.97 30,01 24,78 24,49 19,77  29.46 22,20
1968 10,74 14,19 ILL56¢  79.31  80.59 - 73.84 38,51 28,04 18,23 13,76  26.44 50.59
1959 20,10 - 25,59 24.00° 20,41 38,34 28.88 2141 . 19.76 - 1613 15.07 15.i9 13.09
1970 16.66 . 14.79 18,99 59.70- 66,34 28,86 19.03 13,76 12,74 11.00 11,08 11.98
1971 14,10 - - - -~ 46,21 31,98  27.30 17.59 - 3218 -
1972 16,62 - - 20,60 16,05 56,02 41,75 26,78 19.30 18,92 - 3218 <
1513 28,37 19,48 1074 44,64 68,16 34,55  29.09 20,08 12,84 12.35 14.09 13,05
1904 12,30 13,27 12,72 74.32° 42,05  31.02 33,75 2502  15.4) 14.57  14.96  14.52
1975 15.59. 17.19 14,84 ° 36.80  45.26 32,22 30.53 20,31 15.56 14.37 14,63 15,52
1976 14.66 14,80 16.70 22.40 34.89 29.46 20,24 12.96 - 14.35 - - -
MEAN 15.43  14.47 16,36 43.25 56.7%  35.31 24,93 18,57  14.79 13.91 16.62 17.79
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Table T-14(5) RECORDED MONTHLY DISCHARGE

River: “Karangs’ Gauging Station: } £D.3

TEAR SN PEB W0 AR A oW gL Ave SEP 00T UNOV_ . pRd

1954 0.44 - 048 026 6,55 BY. 631 170 0.70 0,06

1935 060 .28 0.39. 4.6t 1115 .05 52% L9 0.

195% 0.92  0.72 0,56 4.48 11.65 B33 2,43 1.4 0,49

1951 1.09 1.59 . 0.48 547 17.51 6,80 1.6% 1.61  0.58

1958 049 L322 0.8 242 10.50 8.99 L7z L.B6 058 .2

1959 0.29  0.25  0.30 3.80 4.28 142 22} 077 059 -

MEAN 0.64 0.94  0.48  4.8% 10.74 _6.53 3.7 1.39 . 0.42 0.271 046  0.72
River: Yeyu Wexu Cauging Stationm: ] DD 54

1EAR JAN ZER MAR APR - MAY JUN  JUL  AUG SEP oct NOY, DEG

1956 . 0.8l  0.95. 0,76 1,89 375 322 L4 0.8 058 013 6.7, 6.18°

1959 0.2 630 0,23 © 3.02 251 0,72 0 0.69 043 0,25 004 0,12 -

1960 “ D= R Y E S €.19. “2.67. LTI 0.62 0,21 0,38 0.4 036

1961 - < 0.0 - 0.88 - 1.65 0.16 - 051 054 2,90 7« e

1962 5.22 2,40 1.30  2.06 T- 2,91 1.8t 1,28 0.8 031 0,2 .62

1963 ! _L,Sl — - - - R - = L n = o

BEAN - 1,95 0.96 0,68 L9635 L4 149 0.3 0.8 076 0.3z 0.93
River: Kikafu Gauging Station: _l_m :

TEAR  gMN  PER MR AW KX AN S AUG _SEP 0T KOV pEE ]

1954 - - - Z = - - - = Z 1.56 194

1955 1.03 - . L7 8.15 13.63  9.06° 6,73  3.16 .41 0.97 1.6 1,58

1956 3.06 2,90 - 2,27 15.8F 14.73 1143 .66 2,26 . 1,36 1,14 151 1,66

1957 1.28 2.2 2.45 1 29.22 . 53,77 - 8,87 .5.57 259 LT6 L8 572 772

1938 2.58 2,67 1.75  5.64° 16,75 1339 52100 458 161 0.97  0.78 2,00

1959 0.93 0.0 LI1I 11.42  B.18 2,91 347 2.2 115 0.14, 0,52 2

1960 - - 0.92 17,41 16.6) =00 K96 204 1,030 1,230 h.24 2i30

1961 0.45 0.3% 0.38 - 2.83  0.88 - - 1.65  £.30 - -

1962 - 9.27T  4.85 - - 4,28 .- 5.49 4,61 3.07 1,10 1.15 - -

1963 - - - T 1. - - L. - - - -

HEAN 266 201 L57T 1242 18.07 7.0 475 280 146 146 138 2,00
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Table I-15 . RESULT OF DISCHARGE MFEASUREMENT FOR THE NJORO SPRINGS

NO. NAME OP SPRING DISCHARGE DATE

‘ o (m3/sec)

1 Njoro 0.169 25 Jan. 1980
2 Big Dobi 0.220 "

3 Dobi 0.061 "

4 - 0.091 "

5 Small Dobi 0.106 "

6 - 0.055 24 Jan. 1980
T - 0.091 | n

8 - 0.052 "
9 Lower Tanari 0.084 "

B : ; R ]

10 - 0:038  (sub-total)

11 Forest N.S. 0.160 1.127 "

Gauging Station 1 DC 35

12 - 0.105 24 Jan. 1980
13 - 0.066 0

14 Kaloleni 0.182 23 Jan. 1980
15 ‘Rau Porest 0.136 31 Jan. 1980

“Total 1.616
The ratio of discharget
. _ Dischérge for all springs 1,616 z
falio = T charge al 1 DC 35 = = T3y = 143
o : . = 1.43

Nofé:_ Sﬁrings in the list are in order from upstrean

downstream of the Njoro river.
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Table 1-16 ESTIMATED DISCHARGE FOR THE NJORO RIVER
o (Units mesl
YEAR JAN FEB MAR APR MAY JUN QUL AVG  SEP 0GR MOV DEG
1965 2,06 1.84 1,74 2.06 1.74 1. 70"1,69 1.69 1.69 1.60 1.57 1.53
1966 1.46. 1.39 1.42 1.49 1,42 147 1.66 '1.77 L84 LT3 15T 1,49
1967  1.30 1,09 0.99 1.13 1.33 1,32 L.47 1.72 1,96 2,19 12,15 2,06
1969 2.19 2,06 1.97 1.80 1.96 1.76 1.70 1.72 1.64 1.67 1.60 1,50
1970 1.43,,1.40, .52, 1,66 ,1.56 1.82 1,96 1.97 1.79 1.63 1.34 1.19
71 1.43¥1.3 3281 preiapearis 1.63) /1,96 2,47 2.47 2.25 2,277 L.371.72Y
A972 1,74 L3174 1,74 L7772,09 0 2.17 2,100 1,947 1,60 1,66 1,49
1973 1,43 1.42 1.43 1.39 1L.67 1.44 1.3% 1.37 1.33 0.89 1.16 1,26
1974 1.16 1.13 0.93 1.43 1.29 1.26 1,29 1.29 1.33 1.33 1,30 1,27
1975 1.17 1.07 1.09 1,49 1.39 1.26 1.12° 1,17 1.27 1.29 1.;4 1.16
1976  0.97 0.96 0.87 1. 10, /1. 09 0.93 0.90,,0,89,,0,94, 0. 93, ,0.90, ,0.89
1977 0,87 0.90 '0‘931/1 23Y ijl 17, 1. 133167171 6621 501 492120V
1978 1.17 1,19 1.13 2—/1 141243/ 1.39 1.40 1.52 1.62 1.53 1.63
1979 1.52 1.32 1.44 1.82 1.79 - = - - - =
Average 1.45 1.37 1.36. 1.55 1.53 1.56 1.66 1.71 1.70 1.63 1.51 1.50
Note. 1/: discharge estimated by exclusion of short perlod hlgh flow:
in daily records. _ _ '
lg/:V'dlscharge obtained by spot dlscharge measurements. ‘
' 3/: discharge ad]usted to the ground vater recharge pattern
" ‘obtained by means of Sugawara's reserv011 model.,
Table I-17 RECORDED DISCHARGE POR THE MIWALENI SPRINGS
YEAR JAN FEB MAR APR. MAY JUN JUL, AUG SEP OCT NOV  DEC
1966 4.22 4,18 4.12 4,37 4.96 3.83 3,50 3.54 3.51 3.60 3.60 3.6l
1967 3.57 3,54 3.59 3.72 4.11 4.23 3,70 3.72 3.70 3.65 3.68 3.65
1568  3.62 3.58 3.72 4.93 4.91 4.74 3,94 3.72 3.53 3.59 3.62 3.70
1969 3.73 3.79 3.86 3.97 3.97 3.91 3.92 3.91 3.94 4.01 4.02 4.31
1970 417 3.93 4.14 572 5.30 4.41 4.05 3.88 3.86 4,10 4.01 3,96
Average 3.86 3.80 3.89 4.54 4.65 4.22 3.84 3.75 3.71 3.79 3.79 3.85
Monthly oy . - : . PNy
Lowest -S+2¢ 3:54 3.59 3.72 3.97 3.83 3.59 3.54 3.51 3.59 3.60 3.61

Note: Monthly lowest values are used for irrigation planning,
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Table I-18

ITEM

Gauging Station

 COMPARLSON OF DISCHARGE RECORDS

RAU  KARANGA VWERU WERU  KIKAFU HIMO

1DC5 1DP3 1DDSA  1BD8 1 DC 11

Catchmont Avea (kn®) 122 211 141 198 194
. DLScharge (m?'/sec)
 Date |
8 Jan. 1955 0.09 0.2 - .27 12.04
25 Mar. 1955 - 0.33 0.9 - - 2.97 0.72
© 29'hig. 1955 - 0.76 0.60 - 1.91 2.14
9Nov. 1955 0.20 o.19 - 150 0.9
30 Jon. 1956 0.49  1.28 - 2.58 0.74
.29 Mar. 1956 0.31  0.66 - 2,40 0.83
30°July 1956 . 166 1.86 - 2.58 . -
26 Nov. 1956~ - - 0.19 . 0.28 - '1.38 ,
3 Jan. 1957 S0l oy - 2.07 -
21 Peb. 1957 - 0.16  0.51 - 1.91 -
9 Apr, 1957 0.17 0.51 - 2.97 7.39
25 June 1957 (334 5.06 - 7.27 1.91
11 Sep. 1957 L 0.47 0.71. - 1.77 -
9 Oct. 1957 0.21  0.42 - 1.16 -
9 Dec. 1957 0.59  3.20 ~ 11.21 6.94
12 Mar. 1958 0.40 0.7} 0.65 1.63 0.98
1 Apr. 1958 0.72  1.28 0.91 2.58 1.28
17 Oct. 1958 0.17 0.28 0.13 0.97 1.17
14 Mar. 1959 0.04  0.28 0 0.73 0.55
3 Apr. 1959 0.08  0.28 0.22 1.50 0.66
Avérage Specif‘i.c o
Runoff (m3/so¢/km2)' .4.4:{163 4.5x10° 5.2x10° 12.6x10° 13.9x10°
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FOR THE RAU RIVER

Table I-19 ESTIMATED DISCHARGE
| L3,
(Unit: mn/s)
YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP  OCT  NOV  DEC
1960 1.15 0.66 0.59 7.54 4.52 2,98 0.98 0.33 0.18 0.24 0.21 0,12
1961 0.10 0.08 0.08 0,55 0.77 0,19 0.72 0,49:1,33 1.4011.16:5.92
1962 - 4.91 1.88 0,87 2,28 2,22 1.23 0,99 0.61 0.25 0.20 0.18 0.47.
1965 1,56 0.23 0.38 3.32 2.08 0.85 0,23 0.22 0,16 0.32 1.32 0,69
1966  0.15 0,13 4,54 4.53 3,37 2.46 1,1 .0.40 0.18° 0.16 0.15 0.13
1967 0,10 1.52 0,22 1.22 4.25 3.26 2.34 1.38 4.09° 2,26 2,15 0.91
1968 -~ 0.19 ©0.73-2.16 5.20 3.78 3,12 1.90.1.46 0,54 0.30 0.84 2.44
1970 1.51 1.07 1.58 5.03 3,32 1,43 0,65 0.24 0.21 0,19 0:.16 0.13
1971 0.13 0.46 0.71 4.72 4.76° 2,60 1,75 0.82 0,22 0.16 0.13 0.42
1972 0,33 1.34 2,14 2,85 3,91 ©2,34 - 1.04. 0,56 1,08 ~2.55%: 5.36 2,16
1973 3.20 2,70 1,52 1.72 3.87 1.70 0.9 0.34 0,23 0,22 0.20 0,21
1974 0.14 0,12 0.17 5.89 4,12 2.44 2,06 0,67 .0.19 0.16 0.14 0,20
1975 0.21 0,10 6.02 7,04 3.75 2.02 1.58 0.89 1.25 0.27 0.17 0,15
1976 . 0,13 2,02 0.87. 1,36 2.68 2,47 1.14- 0.54¢ 0,19 0,13 .0/13 0.17
1977°  0.21 0.45 1.87 5.91 4.24 1.67 0,68 1.26 0.42 1,42 2,68 1.33
1978  1.61 1.01 2,63 3.60 3.69 3,16 1195 0.92 0.33 '0.,22 1.44 3.88
1979 1.79 2.69 1.74 5.41 4.29 4,07 1,57 1.15 0.99 0,54 :0.28 0.23
Average 1.01 0.96 1.81 4.03 3,62 2.23 1.22 0.76 0.65 '0.62 1.48 1.2
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Table I-20 - ESTIMATED DISCHARGE POR THE HIMO RIVER
(Unit: m3/s)

AUG SEP OCT NOV  DEC

YEAR JAN EEB MAR APR  MAY

g
)

1968 . 0.41 0.42 0.97 2.46 3.56 5.46 . 1,66 0.98 0.65 1.06 2.46

2.32
1969 0.84 2,56 2.59 1.56 [1.53 1.07 1.27 1.06 0.76 1.28 1.23 0.94
1970  0.85 1.20 3.15 7.43 4,77 3.65 2.82 1,57 1.13 0.73 0.59 0.47
1971 © 0.94 0,88 0.45 7.69 3.58 3,67 2.36 1.83 1.07 0.57 0.48 0.46
1972 . 0.52 0.75 0.77° 1.68 2.51 3.28 2,05 1.38 1.37 1.38 2.05 1.51
1974 0,29 0.26 0.24 4,78 3.57 3.43 3.92 1.94 1.10 0.51 0.58 0.35
1975 © 0.42 0.36 0.95 2.19 1.73 1.19 1.94 1.22 2.07 1.08 0.43 0.33
1976 - 0.56 0.64 1.48 2,82 2.04 1.76:1.1C 0.59 0.81 0.73 0.35 0.29
1977 0.29 0.30 0.65 4.40 2.61' 1.35 1.18 0.88 0.52 0.43 1.01 1.03
1978 0.99 0.71 1.34 3.10 2.54 2,30 1.64 0.80 0.40 0.38 0.36 0.61

0.45 2.26

1979 1.76 1.81 1.46 0.88 0.61

.

2,83 2.20 4.70 3.96 3,43

Average 0.71 1.02 1.32 3.69 3,02 2.66 1.98 1.29 1.09 0.80 0.79 0.79
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Table 1-21 . CAICULATION OF DISCHARGE AT FLOOD MARKS
The Magnitude of floods at. the flood marks aré'Calculated as follows.,

i) Calculatlon of velogitly: The Mannlng formula is used to determlne‘
| _ _. the veloclty '
1 5'2/3f i1/2_'

velocxty in m/sec,.

0

v
'ﬁhérei_‘v
' R

= hydraullc rad1us in m,

[
1l

slope of the drazn in m/m, and:
n = coefflc1ent of roughness,

river sectlon.¢\n = 0 04
culvert -  : =n = 0.015

"ii) Caleulation of d1scharge'

a) River sectidn," Q=A-.7
b) Flow area over thb_rdad;
- 3/2

Q=C.B.h

vhere: = discharge in mjfsec, A = flow aroajiﬁ‘mzr
C = coefficient of dlscharge,

KlSlTlngD river, C = 1.560

Msaranga river, C = 1.564
B = overflow width in m,
h =-overflow depth in m,
iii) Results of calculation:
Item 3 A N 0 o
_ {m/m) (m%) {n/see)  (m3/sec)
(1) Rau river o 0.01 43,2 3.8 168
(2) Kisiringo river 0.02 _ _ .
1) Culvert | 2.62 4.58 12
2)  Overflow : (h=1.1) ' 10
Total : : 22
(3) Msaranga river 0.02 : o
1) Culvert 3.93 4,33 17
2) Overflow (h = 1.5) 29
Total o ' 46
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fable 1-22 . ANNUAL RUNOFP COEFFICIENT
' : (at Moshi-Himo road)

' RUNOFF
S " DEPTH COERRICIENT
oo CATCGH- . - Evapo- 2/ ‘ 3 ~ against
NAME OF MENT - _/ transpi- Effectiv : W, against Effective
RIVER - AREA Ralnfall ration  Rainfall  Runoff Rainfall Rainfall
. (k) R Ama) " {om) (o)
Himo river . i 194 - 1,288 444 844 - 260 .  0.20  0.31
Mue river -~ . . 85 . 1,181 446 735 177 0.15 0.24
Seasonal rlvers 143 1,320 700 620 198 0.15 0.32
Rau rxver f-- 122 1,498 580 98 422 0.28 0.46
Karanga river 211 1,430 439 991 416 0.29 0.42
Weri Weru river 141 - 1,201 491 ‘710_ . 352 0.29 0,50

Kikafu river:  '198 - = 1,385 - 522 863 762 0.55 0.88

Note: 1/i réfer to Table I-10.

L

refer to Table I 12

: hffectlve ralnfall = Ralnfall - Evapotransplratlon.

aw

" Runoff is estlmated as follows.

1§ }g.ﬁ @

' 1. Rau river 1 Result of Tank Model Slmulatlon
(1965 - 1979 average) is used

2. Mimo river :  Result of Tank Model simulation
' IR o (1968 - 1979) average) is used

3. Mue and S
. ‘seasonal rivers t ‘Runoff coefflclént is caleulated using
‘ S . . spot discharge data available at the
7. Cholo and the Uchira rlvers.
_ (1953 ~ 1958)
4, Kéfanga river 1 Recorded data are used. (1953 - 1959)
5. 'Weru Weru river : " (1957 - 1963)

6. Kikafu river :’ - z (1954 - 1963)
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Table I-23 SAMPLE CALCULATION OF PEAK FLOOD DISCHARGE.

Name of river . : Rau river

Gauging station 1 D¢ 1DC5
Catehment aroa (A): 122 kma

(1) Calculat1on of Dally Max1mum Ralnfall

i) Elevation of middle point for catchwent area
) {from Pigure 1-15;& 16y - -El. 1,140 m
ii) Daily maximum rainfall (R24)'(fr0m Rigure I-11)
'Returﬁ Period (years) - 5 10 20 50
Ry (mm/day) 155 185 213 249

. (2) Calculatlon of Ralnfall Inten31ty

8 1/3

Equation:"rt = g% . (24) N ie = 0.25°, rt.
"t _ Yo
X 5 10 20 50 5 10 | 20, _50
r, 33.8 40,3 46.4 54.3 8.5 10.1 11.6 13.6
rg 18,4 22,0 25.4 29.6 4,6° 5.5 6,3 T.4
o _ 11.6 13,9 16.0 18.7 2.9 3.5 4.0 4.7

(3) Piotting

1000»r T T ey T 1 ..
R G E T
T, EER R ey il
B3 LR NE Yl i3
B - l- ‘.%PE‘ %3' i i ! :l S
5004 RN R G R
1Itﬁ‘ S I T Eli?::E sebil g T ER IR
P 11 il NN PR HIN ]
(min) Pt B L RS :‘ll 4 Ratiis I'ﬂﬁiﬁ‘w 71
20014 ARG IR 1 gAREERRRY
| H ﬁ:“ ,& ’ MG EH T f% il
gt ligeh :}Qﬁkw? B ”'.};s IfLI,Q;
1 3 5 _ 1 30 50
' Ty (mmfhr)
(4) Calculatzon of Peak Plood Discharge. (Qp)
1
| Equatlon. Op = 7.6 " Y ¢ A
Return Period r Tp Op :
' {mm) : (min.) " {m3/sec)
5 years 3.7 420 125.4
10 4.7 380 159
2 5.7 350 193
50 _ 7.0 ' 32 237
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Table I-24
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METEOROLOGY OF THE LOWER-MOSHI AREA(l)
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4 METEOROLOGY OF THE LOWER-MOSHI AREA)

Fig. 1 -
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Fig.1-7 COMPARISON oF ANNUAL RAINFALL
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