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ANNEX - A
METEOROLOGY AND HYDROLOGY

1 INTRODUCTION

This Annex presenls the studics for the meteorology and hydrology, which provides
necessary basic data for agriculture and irrigation and drainage plan as well as the enginecring
design for the Project.

Chapter 2 oullines the metcorological characteristics in the Study area, such as rainfall,
temperature, relative humidity, and so on.

Chapter 3shows hydrological analysis for the Kikuletwa River and Rau and Njoro rivers,
which will be the water source for the Project. It mentions the estimated available discharge as
well as the probable flood discharges for the rivers.

Chapter 4 presents the result of the water guality tests, mentioning also methodotogy, and
the adopted standards for the assessment of the water.  The tesis were carried out in order (o
assess the suitability for the irrigation and domestic water use for the Praject.

Chapter § outlines the exislihg and newly apptied water rights on the rivers, describing
the total granted discharge by each river system.

A



2 METEOROLOGY
2.1 Data Collection

Since metco-hydrological data in and around the Study Area had been collected at the time
of the Feasibility Study of the Lower Moshi Agricultural Development Project in 1979 and 1980,
the data compitation in the Study was only to supplement those previously collected data.
Rainfall and metcorological data were collected from following meteorological stations:

Station Climale Rainfall
 data avatlable data available
Chekereni 1981 - 1656 1981 - 1996
TPC Langasani 1970 - 1996 1971 - 1996
Moshi 1970 - 1996 1971 - 1997
Lyamungu 1970 - 1996 1935 - 1997
Himo Sisat Estate - _ 1938 - 1996

2.2 Meteorology in the Study Area

The climate records at Chekereni located in the Study Area are summarised below:

Description Unit  Jan. Feb. Mar. Apr. May Jun. Jul. Aug Sep. Oct. Nov. Dec
Temperature

Max T 31 32 34 3w 27 27 28 2w 32 33 1
Mean T 23 23 25 24 2 21 20 20 220 24 25 25
Min. T 17 18 2w 20 19 7 16 16 16 18 26 19
Relative Humnidity % 62 6l 69 74 1 74 12 72 63 66 65 67
Evaporation  mmfday 7 8 7 4 3 3 3 4 5 L 7 6

Source Chekereni, KADP (1981 - {996}

The mean temperature varies from 20 °C to 25 °C throughout the year.  Because of the
altitude over 700 m, the daily minimum temperature falls below 26 *C even in the hottest season.
The daily variation of temperature is over 14 °C in January. The monthly average of relative
humidity varics from 63 to 77 %. Due to the effect of rainfall, the relative humidity increases
from March and reaches the maximum in May, then decreases gradually after the rainy season,
it. Pan evaporation varies widely throughout the year from 3 mm/day in May to & mm in

Fcb{uary. Monthly summary data obtained from other meteorological stations are shown in
Table A.2.1.

2.3 Rainfali
2.3.1 Aonua! Rainfall Characteristics

‘The period from March to May is generally a rainy season and a large amount of rainfall
occurs during the period from Aprif to May. The dry season appears from June to October
followed by a light rainy season from November to February, The annual sainfall in the
Kilimanjaro region varies according to altitude as shown below.

e B  (Unii : mm)
Station  Efevation Jan. Feb. Mar. Apr. May Jun, Jul. Aug. Sep. Oct. Nov. Bec. Annual
Chekereni F25 40 38 68 161 160 18 10 10 6 21 30 60 560
TPC Langasani 701 39 24 90 192 74 5 8 10 12 29 49 36 566
Moshi 813 40 41 106 307 169 27 17 17 {3 32 58 52 880
Lyamungu 1268 47 60 103 500 436 110 59 36 31 40 89 79 139]
Himo Sisal Estate 810 45 53 103 187 108 20 12 15 10 26 99 71 744

Source : Chekereni, KADP (1981 - 1993)



The monthly rainfall data at cach station arc shown in Tables A.2.2 to A28, 'The
recorded maximum and minimum annual rainfalls at the Chekereni station are 792 mm in 1982

and 401 mmin 1987,

2.3.2 Rainfall Intensity

The recorded maximum one-day rainfall is 137 mm in April 1989, The probable daily
maximam rainfall at the representative vainfall stations is catculated by using the Gumbel method.

The results are summarised below.

(Unit ; mm/day)

Station No. of LClevation  Return Period (years)

Data (o 2 5 10 20
Chekereni 15 725 83 142 181 218
TPC Langasani 15 735 63 92 11 130
Moshi 51 813 108 151 185 217
Lyamungu 59 1268 112 152 179 204
‘Himo Sisal Estate 28 310 71 105 128 150

The annual maximum daily rainfall at each station is given in Table A.2.9. The vanaiion

of daily rainfall by altitude is graphed in Figures A.2.1 and A.2.2.



3 HYDROLOGY
3.1 Data Collection

The Regional Water Office (Maji Office) has been observing water levels at established
gauging stations. Besides, the Office also has been carrying out spot discharge measucements
in order to generate raling curves, by which water level at each station are converted to
streamflow discharge data. During the field survey period, the JICA Study Team collected
water level data as well as spot discharge data of gauging stations from the Regional Water
Office in Kilimanjaro, Moshi, because no discharge data generation have been carried out by
usc of water levels and rating curves since 1980. A list of gauging stations with their
observation period is shown in Table A.3.1. The locations of the respective stations are
shown in Figure A.3.1.

River River Station Catchinentarcda  Daily discharge  Daily water level
System (km?)_ data available data available
Kikuleiwa  Kikuletwa DD 3,840 1955 - 1975 1976 1o date
IDD54 2,220 1967 - 1975 1976 to date
Karanga 1DD3 2 1953 - 1939 None
Wennwern  IDDSA 141 1958 - 1963 MNone
Kikafu IDDS 198 1954 - 1963 None
Ruvu Ruwvu IDC2A 1.810 1961 - 1976 1977 to date
1IDCI 2,510 1957 - 1965 None
Rau {DCs 121 1951 - 1959* None
Njoro IDC35 15 1965 - 1982 1983 1o 1986

Note:  * Spot discharge data only

The Study Arca is located in the Pangani river basin which consists of two major rivers,
the Kikuletwa river and Ruvu river. Both rivers flow into the Nyumba Ya Mungu dam
reservoir.  Quiflow from the dam discharges into the Pangani river which flows southwardly
and finally discharges into the Indian Ocean.

3.2 Check Discharge Measurement

Check measurements of discharge of the Rau river system and the Kikuletwa system
were conducted during the field survey period in December 1997 in cooperation with the
Regional Water Office, Kilimanjaro. The main purpose of the measurement was to verifly the
rating curves at IDD! and IDD54 on the Kikuletwa River, and to confirm the hydrological
characteristics of the Rau and Njoro rivers, which were clarified for the period of the detailed
design of the Lower Moshi Agricultural Development Project in 1982.

}.2.1 Rau and Njoro Rivers

Discharge measurements on the Rau and Njoro rivers were carried out in December 1997
as shown below.

Results of measurement are shown in Figure A.3.2.
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their water are ulilised for farmers’ traditional irrigation.
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are shown in the left.

Check discharge measurements for the Kikuletwa river were carried out in May, June and

December 1997, ‘The result of measurement were as follows:
Station Date Water level  Discharge
. my  (m¥s)
IDD34 May 29,1997 1.28 18.1
June 5, 1997 1.27 17.5
December 3, 1997 1.52 20.7
December 17, 1997 1.56 234
IDDI  June 12, 1997 1.50 35.1
December 4, 1997 4.68 420

“The rating curve of IDD54 and IDDI with results of the spot discharge measurement are

shown in Figure A.3.5 and Figure A.3.6, respectively.

The rating curve at {DD54 was
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prepared by the Regional Water Office and it was revised by the JICA Swudy Team based on
spot discharge measurement data since 1981, The measurement result shows that the rating
curve has been generated correctly.  Meanwhile, the Rating curve at IDD{ was prepared by the
Regional Water Office based on previous spot discharge measurement records. It is found that,
the data in IDDI show continuous water level records and their quality is appropriate because
the generated rating curve is considered accurate. _

3.3 Aviailable Discharge
3.3.1 Kikuletwa River System
H General

The Kikuletwa river originates from the Mt. Mc,ru in the Arusha n,glon and flows down
southwcslwardly It dries up from near the regional border with the Kilimanjaro region.  The
flow of the river is fed mainly by water originating from springs in the Kilimanjaro region. It
joins the Sanya river just downstream of the TANESCO power station, and then flowing
westwardly it forms a deep valley before joining the Kikafu river at the TPC pumping station.
The Kikafu river as well as its tributaries, such as Karanga, Weruweru and Kuware, originates
from the Mt. Kilimanjaro. The flow of those rivers, reflecting the rainfall pattem of the
mountainous area, shows considerable annual variation. Meanwhile, water from many
springs located in Rundugai village flows into the Kikuletwariver. Thus, the minimum flow
of the river is regulated by the latter water inflow. There are two gauging stations on the
Kikuletwa river, IDD54 and 1DDL.

(2) Avaifable Data and Verification
(a) IDDI gauging station

The IDDI1 gauging station was installed some 400 m downstream of the contluence
with the Kikafu river, with a catchment arca of 3,840 km’. Daily discharge records are
available from 1955 to 1975 and water levels as well as spot discharges have been
observed afterwards. As for the data after 1976, the JICA Study Team compiled water

level data and converted them to discharge data by using the raling curve (sce Figure
A.3.6).

(b) IDD54 gauging station

The IDD54 gauging station 1s tocated 300 m downstream of the confluence with the
Sanya river, with a 2,220 km’ catchment area.  Discharge data are available from 1967
and 1975 while only water levels as well as spot discharge have been observed since
1976. ‘The JICA Study Team compiled water level data and converted them to

discharge data by using the rating curve as it was carried out for the IDDI1 Station {see
Figure A.3.5).

{c) Discharges of tributaries

The mean monthly discharges of tributaries of the Kikuletwa River, such as the Karanga,
Weruweru and Kikafu rivers, are indicated below.

o B {Unit : m¥s)
Station Jan. Feb. Mar. Apr. May Jun. Jul, Aug. Sep. Oct. Nov. Dec. Annual
iDD3 Karanga 0.64 094 0.48 4.89 1074 6.53 3.17 1.39 042 027 046 072 255
IDDSA Wemuweru 1.95 096 0.68 1.96 354 1.94 1.49 073 0.48 076 0.22 092 1.30
IDBE  Kikafu 2.66 2.31 1.57 1242 18.07 7.4t 4.75 283 1.46 146 1.78 270 495

Source : Regional Water Office, Kilimanjaro




(3)
(@)

(b)

They are perennial rivers having a flow peak during the rainy season from March to July.

Estimated Discharge
Correlation between 1DDI1 and IDD54

In order to interpolate the discharge data of IDD54, an altempt was made to correlate the
data of IDD54 with those of IDD! on a monthly basis by using available records.
Figure A.3.7 shows the relationship of mean monthly discharge records between 1DD34
and IPDI. Based on the results of correlalion, the lacking monthly discharge records
of IDD54 were supplemented.

Mean monthly discharges at IDD1 and 1DD3S4

The mean monthly discharge with a 80 % dependable flow verificd and supplemented

by the JICA Study Team are presented in Tables A.3.2 and A.3.3 and summarised
below:

(Unit : m¥%s)

Station Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec Annual

IDD54 Average 12,1 112 128 24.3 254 196 144 11.7 11.5 114 126 13.0 15.1

DD

80% 104 10.5 10.6 13.2 164 118 11.1 11.0 107 109 104 103 114
Awerage 15.6 142 16,1 40.3 56.4 340 22.6 174 14.6 137 179 188 235
0% 11.2 11.0 115 24.3 381 222 17.2 140 11.6 110 1.3 103 156

()

The runoff of the Kikuletwa river is characterised by base flow from spring water and
scasonal flood water in the rainy season during the period from April to June. A base
flow of some 10 m*/s is observed at IDDS4.  The annual specific discharges at 1DD54
and I1DDI1 are 7.1 Vs/km® and 5.8 Vs/km’, respectively. Meanwhile, in reverse, the
specific discharge in May at IDD1 is higher than that at IDD54 because flood water from
Kikafu, Karanga and Weruweru flow into the Kikuletwa river at a rate of 14.7 Vs/km?® at
DD} and 11.4 VYs/km® at IDD54.

Low water analysis

The estimated annual minimum discharges at JDD! and 1DD54 were subjected to a
statistical frequency analysis using the Gumbel distribution method. The results of
analysis are given below.

Probability Return Discharge  Discharge

Perid  1DDS4 IDDI
#& __ Gean) () (ms)
50 2 0 10
20 s 9 9
10 10 8 8
5 20 8 7
2 50 7 7

The above table indicates that the low flows at both stations are the same values in spile
of the difference of their catchment areas. This could be explained that the base flow
of the Kikuletwa river consists of steady water inflow from springs which are located
mainly in Rundugai, Hai, upstream of the TANESCO power station. The 80 %
dependable water discharge at IDD54 is estimated at 9 m'/s.



3.3.2 Rau and Njoro Rivers
4} General

The water source of the Existing Lower Moshi Project consists of the Rau river and the
Njoro river, a tributary of the Rau river. The Rau river originates from the Mi. Kilimanjaro
and traverses the Study Area until it is joined by the Ruvu river, collecting water from springs in
the mountainous arca. The Mwanangurue spring located in Mandaka Mnono has been acling
as a stable water source of the river. The Njoro river, collecting water {rom such springs as
the Njoro ya Dobi spring and Goa spring, has a relatively stable flow throughout the year. Tt
passes along the Mabogini Intake Weir and flows into the Rau river at a place upstream of the
Rau Ya Kati Intake Weir.

There had been three gauging stations maintaincd by the Regional Water Office: 1DC35
on the Njoro river, and 1DCS and IDC3A on the Rau river, but these are no longer operational.
Further, although KADP had been conducting river discharge measurement at the Mabogini and
Rau Ya Kati Intakes since 1986, and measureinent of water level at intake weirs and measuring
devices on the main canal, the obscrvation was interrupled duc to dispules about waler
distribution in 1995. A schematic model of the Rau river is illustrated below. The
observation of water level were resumed in July 1997 since the staff gauges were re-installed by
the JICA Study Tcam.

1ncs Rau River
6 .
< Mabogini Q7 Rau Ya Kf_m
IDC3S Intake Weir Intake Weir IDC3A
—>» W —»  Njoro River  —» I — 2 Rau River
Q1 Q2 Q4 Q8 Qio
—» \
Q3 Q;9

The Njoro river at the Mabogini Intake Weir has a continuous flow because it originates
from upstream while the flow of the Rau river is featured by a base flow from mountainous
springs as well as flood in the rainy season. The monthly discharges of the Rau and Njoro
rivers are shown in Table A.3.4.

(2) Njoro river
(a) Available data
A gauging staff was installed at 1DC35 by the Regional Water Office. Reading of
waler levels was carried out periodically and the daily discharge was generated by the

rating curve. Monthly discharge data are shown in Table A.3.5.

The monthly discharge of the Njaro river at Mabogini Intake Weir are presented below.



S - _ _ (Unit : m's)

_ Mabogini  Jan. Feb. Mar. Apr. May. Jus. Jul. Aug. Sep. Oct. Nov. Ikec. Average

1986 1.43 1.23

1937 .14 112 L14 152 L16 106 115 1.08 098 101 1.00

1988 085 078 095 207 128 125 134 138 134 130 129 L14 125

1989 126 111 093 125 128 L1F 125 162 180 172 (68 170 139

1990 1.57 138 1.67 181 189 195 224 2235 220 200 t92 172 189

1991 147 152 141 145 177 151 128 129 124 097 043 029 122

1992 098 096 090 1.00 1.58 141 143 147 147 143 154 141 130

1993 140 132 120 114 122

1694 103 1LOL 132 128 172 138 107 115 EI16 Ll6 131 105 120

1995 0.86¢ 0.31 0.50

1996
1997 _ 162 LSS 157 171 174 197
Average 119 1M1 LIS 139 153 140 141 149 148 141 135 128 135

Source : KADP (1986 - i995)

The Njoro river at the Mabogini Intake Weir has a continuous flow because it originates
from upstream springs.

{b)} Estimated Discharge

The relation between the discharge at 1DC35 and that at the Mabogini Intake site was
clarified at the detailed design stage of the Lower Moshi Agricultural Development
Project (sec Figure A.3.4), in which the ratio of the discharge at the Mabogini intake site
to the discharge at 1DC3S were expressed by a hyperbolic equation. By using this
relation, both discharges at 1DC35 and the Mabogini intake weir, discharges of Njoro
river at [DC35 and the Mabogini intake weir, were estimated as shown in Tables A3.0
and A.3.7. The results are indicated below.

Estimated Discharee of Njoro River at 1IDC3S (G 1) and Mabogini Intake Weir Site {Q2)

o o __ o __(Unit : m¥s)
o Jan. Feb. Mar. Apt. May. Jun.  Jul. Aug. Sep. Oct. Nov. Dec. Annual
QI  Awverage 0.82 078 077 093 103 1.03 111 104 104 099 093 095 095

20% 052 049 049 066 070 071 076 069 068 056 058 0.65 062
Q2 Average 130 123 1,25 140 144 149 159 152 150 144 138 .39 1.41

80% 097 094 095 1.12 125 116124 135 113 101 103 110 109

As mentioned in the sub-section 3.2.1, the estimated flows from the springs, which are
located along the Njoro River are 30 Vs from northern Kaloleni, 100 Vs from castemn
Kaloleni, and 80 I/s from the Goa Spring.
{3) Raun rive:r
(a) Available Discharge

The monthly discharges of the Rau river at the Rau Ya Kati Intake Weir are presented
below.
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Recorded Mean Monthty Discharges of the Rau River at the Rau Ya Kati Intake Weir Site ((J8)
(Unit : m'fs)

lan feb  Mar Apr May Jun  Jul  Aug Sep Oct  Nov Dec  Annual

1987 064 076 094 257 193 1.2¢ 125 101 086 0388 1.02

1988 097 049 097 945 553 348 2.60 166 139 1.11 15 107 263
1980 113 679 070 4.15 7.36 486 3.88 332 392 152 148 137 303
19900 151 1.21 2.80 1180 11.31 542 327 282 178 140 187 162 4.2
1991 139 174 1.49 219 494 231 106 095 063 050 093 112 1.62

1992 101 084 060 587 586 370 3.00 202 213 096 132 109 249
1993 180 L83 1.23 124 213
1994 052 054 1.00 103 343 182 095 055 0.72 042 052 057 1.05

1995 046 044 0.63

1996
1997 269 148 099 1.61 238 3.8

Average  LI0 095 1.13 458 $39 336 233 176 1.57 105 1.32 146 226

Source : KADP (1986 - 1995)

The Rau river flow of is featured by a base flow from mountainous springs as well
as flood in the rainy season. It should be stressed that the Rau river flow at the
confluence with the Njoro river decrease remarkably since 1994, especially in the dry
season from August to November as shown below.

Recopded Mean Monthly Discharges of the Rau River at the Confluence with the Njoro River (OF)
- (Unit : m%s)
Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec  Annual

1987 009 050 065 172 108 042 049 032 027 02{ 0651

1988 024 026 051 7.84 490 282 180 082 063 040 042 052 176
1989 044 036 035 347 672 473 3.52 244 312 074 066 041 225
1990 067 0.65 187 10.69 1006 429 182 132 066 0.59 088 066 285
1991 165 0.42 011 083 337 180 105 094 060 050 093 112 Ll
1992 040 026 0.4 512 450 289 232 130 157 028 058 048 165
1993 124 147 094 078 155 220 1.35

1994 006 0.10 026 032 221 105 055 006 0.19 003 003 004 04l
1995 003 004 0.10

1996

1997 L 170 066 0.16 0.59 1.2t 2.53
Average 0.59 041 053 37t 438 261 160 §.05 102 040 053 053 145

Source : KADP (1986 - 1995)

(b)

Tank Model Simulation

It is remarked that, in the case of the Rau river, water is abstracted upstream of the
confluence with the Njoro river, at Mandaka Mnono village. However, dala and
information such as abstraction discharge, period as well as actual irrigated area, are not
avaitable yet. Thus, the tank model adopted at the detailed design stage of the Lower
Moshi Agricullural Development Project is used in order to estimate the river flow of the
Rau river with natural condition.  The model is presented in Figure A.3.8, in which the
conversion rate from point rainfall to areal rainfall and areal evapolranspiration on a
monthly basts are also given.

The runoff of the Rau river at the 1DCS station is calculated by use of the model
applying daily rainfall data recorded at the Moshi meteorological station from 1967 to
1992. The estimated monthly runoff is shown in Table A.3.8.

The relation between the discharge at 1DC5 and that at the confluence with the Njoro
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river generated based on the hydrological study on the detailed design of the Lower
Moshi Agricultural Development Project is shown in Figure A.3.3. By using the
relation of both discharges, the monthly discharges of the Rau river at the confluence of
the Njoro River are estimated, The resulls are shown in Table A.3.9.  The simulated
monthly discharges are compared with the measurement carried out in the ficld
investigation from 1987 to 1992 as shown in Figures 3.9 and 3.10. The graph
indicates the both values are correlative with correlation coefficient of 0.63.  The tank
model thus scttled is applicable for estimation of discharge of the Rau River.

(c) Estimated Discharge
Average discharges are shown below.

Estimated Mean Monthly Discharges of the Rau River al 1DCS (O
and the Conlluence with the Njoro River {Q7)

{Unit : m¥s)

_ Jan Feb Mar Apr May Jun  Jul  Aug  Sep Ot Nov_ Doc  Anoual
Q6 Average 0.83 078 125 234 167 108 091 067 057 061 075 127 106
B0% 035 038 042 084 093 064 048 042 036 034 030 041 049
Q7 Average 1.09 1.04 153 276 191 132 118 0692 084 088 101 f§61 134
80% 066 068 071 1.05 1.13 088 075 071 066 065 062 070 077

Estimated discharge records at the bridge in the Rau Forest Reserve are the same as
those at the IDC5 slation from the result of the discharge measurement.  Further, as
indicated in sub-section 3.2.1, the discharge from the Mwanangurue spring is estimated
at 300 Vs throughout the year .

Estimated mean monthly discharge records on the Rau river at the Rau Ya Kati Intake
Weir site are given in Table A.3.10 and summarised below.

Estimated Mean Monthly Discharges of the Rau River at the Rau Ya Kali Intake Weir Sjte (O8)
Unit : mYs)
- Jan Feb Mar  Apr May Jun  Jul Aug Sep Oct Nov Dec Annual
Q3 Average 242 224 286 435 345 288 285 250 238 235 244 313 282
80% 1.86 1.74 191 263 277 218 216 204 193 183 182 202 207

3.3.3 Ruvu River
(1) General

The Ruvu river originates from the Lake Jupe and flows eastwards, joining such
tributaries as the Himo, Mue and Rau rivers.  The tributaries originate from the skirts of the Mt.
Kilimanjaro where some springs discharge their base flow into the rivers. The Miwaleni
spring, one of major springs, is a waler source of the Mue river.  The Ruvu river flows into
the Nyamba Ya Mungu reservoir at a place near the railway bridge. Two gauging stations
were operated on the siver: IDC1 and IDC2A.

(2)  Available Data
(a) IDC2A gauging station
The IDC2A gau'gi:ng station is located near the Moshi - Tanga road bridge at Kifaru
Village with a 2,510 km® catchment area.. Discharge data are available from 1955 to
1975 and water levels as well as spot discharge have been observed afterwards. By

using the rating curve generated by the Regional Water Office, water level records were
converted to discharge records by the JICA Study Team. ‘The rating curve is shown in
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Figure A.3. 11, Table A3 11 indicates miean monthly records at IDC2A.
(b) 1DC! gauging station

‘The IDCE gauging station has been established at the railway bridge on the Ruvu river.
It has a catchment arca of 2,510 km’. However, monthly records are avaitable only for
the period of 8 years from 1958 10 1965 and the statien is no longer operative at present.
Table A.3.12 shows mean monthly records at 1DCH.

{3) Estimated Discharge

Since it i8 essential to estimate the monmthly discharges at IDCI to conduct the water
balance study, they would be generated based on the relationship between discharge records of
IDC1 and HDC2A.  Alhough records of both stations have been observed simultancously for
only five years (1961 - 1965), a correlation analysis for both records was carried out.  The
results of analysis are graphed in Figure A.3.12.  The estimated monthly discharges recorded
at IDCI for the last ten years are presented in Table A.3.13.

3.4 Flood Analysis
3.4.1 Flood Analysis of the Kikuletwa River

Probable flood discharges are estimated on the basis of annual maximum discharges.
Number of available annual maxinum discharge records at 1DD54 and IDDI are 29 and 39,
respectively.  The following table shows the flood discharges according to their probabikity.

Pfob'lbllll; "~ Return Discharge Discharge

Period IDD34 IDD1
AR o) (s ()
10 10 136 235
5 20 166 275
2 50 205 327
[ 100 234 366
0.5 200 263 404

‘The discharge of a probable flood with a 100-years re-occurrence period at 1IDD54 is
estimated at some 240 m'/s, that is extremely low considering its catchment area.  This might
be relaled to the rainfall intensity, vegetation or topography in the upstrcam area.  There exists

a swampy area upstream of the Kikuletwa river in the Arusha region and it could act as a buffer
to climinate peak flood discharge.

3.4.2 Flood Analysis of the Rau River
(n Basic approach

In the detailed design of the Lower Moshi Agricultural Development Project, flood
discharge of the Rau river and its tributaries was estimated by use of the Rational formula as
shown below.

[
NI RY
O c

where, Q, = peak flood discharge (m'/s)
r, = effective cainfall intensity (mm)
A = Catchment arca (km?)

A- 12



The retation between effective rainfall intensily and the flood concentration time was
generated based on runoff analysis of the Kikafu River and the hourly rainfall records at the
Lyamungu metcorological station for a period of 1978 to 1982.  Consequenily, the peak flood
discharge for cach catchment was calculated based on the relation mentioned above and arcal
rainfall intensity.  Since no flood pattern of the Rau and the Njoro Rivers as well as the Kikafu
River are collected additionally, the flood discharge are estimated by use of the same procedure
as thal adopted in the detailed design period, updating only arcal rainfall intensily for cach
catchment. The procedure adopted in the previous study is outlined below.,

(2) Analysis of records of the Kikafu river

The following empirical formula is prepared a based on the flood records of the Kikafu
River and the hourly rainfall data at the Lyamungu meteorological station.

Tp= 166 * A®22 % 0% (1)

where, Tp = time from start of risc to peak {min)
r, = effective rainfall intensity {mm/hr)
A = catchment arca (km?)

3 Procedure of Estimation of peak flood discharge
The procedurc of estimation of peak flood is as follows:
{a) Estimation of probable daily rainfalt (R,,)
Probable daily rainfall for respective catchment area is determined by Figure A.2.2.
(b) Estimation of effective rainfall intensity
Rainfall intensity is calculated using the following formula.
Ruf Y
B
where,  rt = rainfall intensity during t hours (mm/hr)

R24 = probable daily rainfall (mm)
t = time (hours)

Effective rainfall intensity (re) can be calculated as follows:
,=fp*ri=025n ---(3)

where, 7, = cffective rainfall intensity {(mm/hr}
fp = peak runoff coefticient

(4) Estimation of peak flood discharge

For each river basin, the re-Tp relation is observed by the equation (1) and then, the re-t
relation is estimated by the equation {2) and (3).  The equation (2) and (3) give also the r, value.
peak flood discharge can be calculated by the rational formula.  The sample of analysis is given
in Tables A.3.14 10 A.3.21 and the results are suminarised below.



{Unit : m¥s)

River Catchment Arca Return Period
(km?) 5 10 20 50
Rau 122 180 237 288 441
Njoro 15 28 34 33 54
Scasonal Rivers
Kisiringo 14 32 41 51 63
Misaranga 17 40 57 66 90
Msangaji 10 24 33 40 51
Mola 7 18 25 30 39
Mialo 9 21 29 36 44
Nanga 21 49 67 88 17

Considering the time lag of flood due to the different characteristics of rivers the peak,
which were indicated in the hydrological study report of the detailed design of the Lower Moshi
Agriculturat Development Project, the estimated flood discharge around the Study Area are as
follows:

(Unit : a'fs)

River Catchment Area Return Period

(km?) 5 10 20

Rau 122 180 2317 288

Njoro 15 24 29 32
Scasonal Rivers

Kisiringo 14 25 32 39

Msaranga 17 32 46 33

Msangaji 10 17 23 28

Mola 7 it 16 19

Mlalo 9 15 21 26

Nanga 21 42 57 75

The estimated peak flood discharge for each catchment is increased by 7% in an average
compared o those estimated at the detailed design of the Lower Moshi Agricultural
Development Project in 1983 because of the increase of the rainfall intensity within the
catchment areas.
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4 WATER QUALITY
4.1 Methodology

The water quality survey was carried out so as to verify if the available water is suitable
for irrigation and domestic water uses.  Eight locations, four on the Kikulelwa river system,
and four on the Rau river system including the Existing Lower Moshi Project Arca, were
selected and water was sampled in each location;.  Sampling and field tests were conducted by
the JICA Study Team while the laboratory test was entrusted to alocal consultant.  The water
sampling and field tests, such as measurement of pH, temperature, and electeic conductivity
(EC), were carried out by the JICA Study Team on May 10 and 1t in the Phase § study, and
December 8 and 9 in the Phase I study.  The water sampling locations are presented in Figure
A.4.1 and listed below.

.No. . _locaion .. No. o lLocaten
Kikuletwa River System Rau River System

I Proposed headworks on the Kikuletwa river 5 Existing Mabogini Intake Weir

2 Chenmuka Spring 6 Existing Rau Ya Kati Intake Weir

3 TPC Pump Station on the Kikuletwa river 7 Mabogini Main Canal at Turnout MS-5

4 Railway Bridge over the Kikafu river £ Rau Ya Kati Main Canal ot No. 1 Bifurcation

Meanwhile, the laboratory tests on such clements as Sodivm, Calcium, Magnesium,
Chloride, Fluoride, Total Nitrogen, Bacteria (Coliform), and so on, were carricd out by the
Chemistry Depariment of University of Dar Es Salaam.  In addition, some tests were executed
by the Kenya Burcau of Standards for cross check.

4.2 Assessment for Irrigation
{H Methodology

In order 1o assess water quality, the “Guideline for Interpretations of Water Quality for
[rrigation”, which is derived from the FAO Irrigation and Drainage Paper No. 29 Rev. 1, was
adopted. The guideline specifies the indexes which alfect irrigation as follows:

Potential Irrigation Problem Indexes to evaluate
Salinity affecting crop water availability Electric conductivity
Infiltration affecting infiltration rate into soit SAR and Electric Conductivity
Specific Ion Toxicity affecting sensitive crop Sodivm, Chloride and Boron
Miscellaneous effects affecting susceptible crops Nitrogen, Bicarbonate and pH

Source : FAQ Irrigation and Drainage Paper No. 29 Rev., |
Remarks : The Sodium Absorplion Ratio (SAR) affecting infiltration rateinto soil is expressed as
follows:

Na

SAR = — =
{Ea_fM%
2

where:  Na = sodium in me/i
Ca = Calcium in meAl
Mg = Magoesium in me/l

A analysis of the water quality was conducted based on the aforementioned guideline,
which classifies the degrees of restriction on use into “None”, “Slight to Moderate”, and
“Severe”. .



(2) Summary of Analysis

The results of analysis in the Phase - T and the Phase - 1 study are shown in Table A.4.1,
and Table A.4.2, respectively.  Evaluation of each location per the FAG standard i3
summarised below.

Result of fhase - [ study

Location S.\hnny Infiltration Specitic lon Miscellancous Effects
_ Toxicity (Na/CD)  (NG;N/HCO)

Kikuh‘l\va Ri\'(‘[ S\"Slcﬂ‘_l ____________ ‘
oo g oM SM SM /N N/SM

1

2 Chemuka Spring SM N SM /N N/S

3 TPC Pump Strion N SM SM/N N/SM
4 Kikafu River N S N/N N/N

Rau River System

5 Mabogini Intake Weir N SM NfN NIN
6 Rau Ya Kali Intake Weir N S N/N N/N
7 Mabogini Main Canal N s N/N N/N
8§  Rau Ya Kati Main Canal N S NIN N/N

Note : N : Nonge, SM : Stight o 'ﬂodmtn S Scxm for restriction of water for i nrlg"tlson use

Result of Phase - I study

Location  Salinity Infiftration prcmc lon Miscellancous Effects
Toxicity (Na/Cl) - (NGyN/HCO)

I\:!\uluma Rng r S\ slcm

I Proposed headworks N SM SM/N N/SM
2 Chemuka Spring N SM SM/N N/S
3 TPC Pump Station N SM N/N N/SM
4 Kikafu River N 5 NIN N/N
Rau River System
5  Mabogini Intake Weir N S N/N N/N
6 Ravu Ya Kati Intake Weic N S N/N NI/N
7 Mabogini Main Canal N S N/N N/N
8 Rau Ya Kati Main Canal N S N/N N/N

Note : N : None, SM : Slight o Moderate, 8§ @ Severe for restriction of water for rvigation use

The test results by the Kenya Bureau of Standards also presents the “Slight to Moderate

(0.94 dSfm)" for salinity and "None (2.37 me/l)" for infiltration at the proposed intake site in
the Kikuletwa river.

(3 Water Quality Assessment for the Kikuletwa River System

The result of the water quality tests indicates that the sampled waters at the proposed
intake site on the Kikuletwa river arc classified into the category of “No restriction” for

irrigation water use in terms of salinity, :md “Sllghl to Moderate” for irrigation use in terms of
infiltration.

Since water of the Kikuletwa river is featured by a high concentration of sodium and
bicarbonates and is slightly acid, the EC as well as SAR values of the river water are relatively
high. The water of the Chemuka Spring indicates high contents of bicarbonate as well as
sodium.  On the other hand, the values of these elements in the water at the  proposed
headwork sile located downstream are lower than those in the upstream area.  This is due to
the reason that excessive flood water during the rainy season, which flows into the Kikuletwa
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river from such tributarics as the Sanya and Kikalu rivers, dilutes the concentration.  In this
connection, it could be predicled (hat the sodium conceatration in the Kikuletwa river water in
the dry scason would be higher than that in rainy scason because the spring water with high
sodium contents is dominant in the river in the dry season.  Thus, the water quality tests in the
Phasc - il study were proposed by the JICA Study Team.

In succession with the Phase - 1 study, the water quality analysis were carried out in the
Phase - If study to confirm suitability of water in the dry scason for irrigation and domestic
water uses.  Although the period of the Phase - Il Study is generally regarded as the dry
season, more rainfall than usual were recorded in this year. The above tables indicate the
similar results to thosc in the Phase - I study in terms of salinity , infiltration, and other indexes.
The water quatity for the proposed Kikuletwa intake site was re-cxamined in January 1998 since
the water level on the river was lower than in December 1997, The results also showed the
samples are in the same categories as that in the Phasc - [ study.

Water of the Kikuletwa river contents sodinm bicarbonates, calcium bicarbonates as well
as magnesium bicarbonates. The irrigation by such water that contains such cations results in
sedimentation of calcium bicarbonates and magnesium bicarbonates in the soils because the
sodium bicarbonates is more solvent than other bicarbonates.  The sodium bicarbonates in the
water will be discharged in the case that the soil is permeable. It should be pointed out that soil
with low permeability may cause stagnation of the sodium bicarbonates and accumulation of the
sodium in the soil.  Therefore, such measures to sustain soil permeability should be taken, that

would includes introduction of fodder crops in the proposed cropping pattern, provision of
organic residues.

@ Water Quality Assessment for the Rau River System

The result of the water quality tests indicates that the sampled waters on the Rau and
Njoro rivers are classified into the category of no restriction for irrigation water use in terms of
salinity.  As for the infiltration problem, which is evaluated by a combination of SAR and EC,
the waters sampled at Rau Ya Kati Intake Weir and the Rau Ya Kati Intake Weir are judged to
have “Severe” and “Slight to Moderate” restriciion.

Water of the Rau and Njoro rivers are characterised by low salinity and low SAR.
According to the FAO paper, low salinity water is corrosive and tends to leach surface soils free
of soluble minerals and salts, especially calcium, reducing their strong stabilising influence on
soil aggregates and soil structure.  Without salts and without calcium, the soil disperses and
the dispersed finer soil particles fill many of the smaller pore spaces, sealing the surface and
greatly reducing the rate at which water infiltrates the soil surface.  Soil crusting and crop
emergence problems often result, in addition to a reduction in the amount of water that will enter

the soil in a given amount of time and which may ultimately causes water stress between
irrigations.

The infiltration problem above mentioned could also be overcome through proper farming
practice, such as provision of organic matters as described in sub-section (3).

5) Assessment by use of USDA Standard

Figure A.4.2 indicates the classification of irrigation water by United States Department
of Agriculture, which calegorises the water according to salinity hazard and sodium hazard.
The sampled waters are categorised as low/low (C1-S1) to mediuvm-high/medium (C3-52) and,
accordingly, it is concluded that they do not preseat a high hazard for irrigation use.
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4.3 Assessment for Domestic Water Use
{1}  Result of analysis

The suitability for the domestic water was examined by use of the “Tanzanian Temporary
Standards of Quality of Domestic Water.,” The test results in the Phase - I and Phase - 1[ are
shown in Table A.4.3 and 4.4, respectively. Except the ammonium contents at the Mabogini
Intake Weir, which may be caused by the sewerage water from the Moshi DC, the samples meet
the standards. The water analysis study also showed the higher BOD than the standard value
at the Mabogini and Rau Ya Kati intake weir sites.  In addition, the BOD values in the existing
main canals were much higher than those at the intake sites.  This might be due to washing and
bathing in the canals.

{(2) Assessment

It is observed the water samples are free from substances affecting human health, such as
Fluoride, and Nitrate.  Although the BOD values of water sampled in the Existing Lower
Moshi Project Area exceed the Tanzanian slandard, it is concluded that assessment should be
made excluding the BOD considering the following reasons:

- BOD is the index related to environment and not direct impact for human health,
- Inhabitants in the Existing Lower Moshi Project Area actually utilise the canal water,
- No BOD description is indicated in WHO drinking water standard.

Taking into consideration organic pollution of water represented by BOD, some measure
to prevent pollution of the canal water should be taken to improve the environment of human life.
First, it should be stressed that, in the Study Area, the inhabitants are strongly instructed to
follow the by law, that prohibits direct water use for bathing and washing in canals. Secondly,
to make up for the prohibition, some water supply facilities, such as wash and drinking places,
would be proposed in the Project so that the inhabitants can use the canal water.



5 WATER RIGHT
() Existing Water Rights

With regard to existing waler rights, data were obtained from the Regional Water Office
in Kilimanjaro, Moshi.

The Water Utitisation (Control and Regulation) Act was enacted in 1974 and then
supplemented by the subsequent fegislation of the Government Notice No. 242 in October,
1975. The Notice designated the major waler sources in the country as national water supply
sources. Granted water rights in major river basin are summarised as follows:

River Number of Granted Discharge Annual Consumption
System  Granted Water Rights ~ (m¥s)  (million 01’}
Rau 36 3.00 95
Mue 4 3.19 181
Himo i6 2.15 68
Kikuletwa 4 0.20 6
Karanga 70 1.24 29
Weruwens 43 394 124
Kikafu 10 0.581 26
Lengoi 1 0.05 2
Kware 1 0.00 0
_Sanya 20 0.66 2] ~
Total 210 15.25 481

Source : Regional Waier Office, Kilimanjaro

Some 200 water rights have been granted in the Kilimanjaro Region, among which 176
are for irrigation use with a total granted discharge of 12 m*/s.  Granted water rights in the Raun
river system total 3.00 m'/s for 36 users including the Existing Lower Moshi Project, which is
authorised to abstract 804 I/s of water at the Mabogini Intake Weir and 1,135 Vs at the Rau Ya
Kati Intake. Those water rights were granted on May 16, 1990, with registration No. 4807
and No.4808 for the Mabogini and Rau Ya Kati Intakes, respectively.  As for the Kikuletwa
river system, 4 water users have been allowed to abstract 200 ¥s of water in total. The
existing water rights in the Kikuletwa river and Rau river system are given in Tables A.5.1 and
A.5.2, respectively.

However, there is a necessity to verify whether the granted waiter rights are presently
implemented or not because some of them were registered some decades ago. At present, a
review study is being conducted under the Water Basin Management and Smallholder Trrigation
Improvement Project financed by IBRD and the Regional Water Office to clarify the status of
water rights including the abstraction volume and location. In this Study, it is assumed from
the present river flow condition that all existing water rights are performed.

{2) Additional data collection
With regard (0 water rights, additional data collection was carried out at the Regional

Water Office in Kilimanjaro, Moshi.  The provisional water right applicd recently is described
as follows:
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__Deseription

{. Waier right No. 140005

2. Region Arusha

3. District Simanjiro

4. Village Msitu wa Tembo

5. Name of holder Mwenyekiti _

6. Particulars of Water Right To abstract 100 litres of waler por sccond by pump,

The village is located on the right bank of the Kikuletwa River, by the bridge crossing the
friver near the TPC compounds. The application was received by the water officer of the
Pangani Basin Water Office on 5th may, 1997,  Afterwards, the letter was sent to the applicant,
commenting that the pump irrigation should be substituted by the gravity irrigation system.
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Table A.2.1 Summary of Meteorological Records

TPC Langasani

Unit Jan Feb Mar Apr May Jun Jul Aug Scp Oct Nov Dec
Temperature
Max. C 325 33.1 329 304 283 270 26,7 27.8 293 312 31.7 318
Min C 195 19.5 20.0 20.1 188 165 15.7 159 167 182 193 194
Relative Humidity
9 AM Go 80 78 82 8 8 &1 8 81 79 79 19 30
3IPM % 48 46 SO 60 64 60 57 S4 52 49 50 50
Evaporation mm/day 69 7.1 66 49 42 41 42 47 58 64 67 68
Wind Speed nvs 156 146 132 1.04 086 0.80 0.84 0.95 L.1t 1.26 145 1.6]
Sunshine Hours  hrs 85 86 79 68 57 53 54 60 76 8% 81 &I
Radiation calfem2/day 576 598 583 S13 467 403 425 461 548 584 585 5607
Moshi

Jan Feb Mar Apr May Jun Jul  Aug Scp Oct Nov Dec

Temperature
Max. Temp T 32,1 329 324 29.1 268 25.6 255 262 285 307 314 314
Min. Temp C 18.0 184 188 195 187 17.1 163 160 164 175 182 8.1
Relative Humidity
9 AM % 73 72 715 85 8% 80 81 & 78 12 73 12
3PM V2 43 41 42 57 62 58 S3 49 43 38 40 47
Evaporation mm/day 74 86 81 57 40 36 38 49 66 81 30 72

Wind Speed mfs
Sunshine Hours  hrs

2,18 222 271 1.69 1,13 097 L09 149 235 3.i1 2.84 202
89 84 77 63 47 46 47 53 71 79 80 84

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov_[Ixc

Lyamungu

Temperature

Max. Temp c

Min. Temp C
Relative Humidity

9 AM o
3PM %
Evaporation mm/day
Wind Speed m/s

Sunshine Hours  hrs

27.5 282 21.5 24.7 223 211 207 214 23.6 258 263 268
140 140 146 157 153 137 129 126 127 13.1 140 142

77 15 8 9 91 88 88 8 84 80 B0 79
57 56 59 71 75 7t 67 63 57 55 59 6l
35 39 32 {6 12 16 1.8 22 29 35 32 30
092 0.94 090 (.80 0.84 0.81 0.83 0.87 099 1.17 098 091
78 80 68 45 34 35 37 43 56 69 62 68

Radiation calflcm2/day 468 460 439 292 240 226 249 302 385 451 416 447
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Table A.2.3 Monthly Rainfall Data at TPC Langasani Station

Station Name:  TPC Langasani Station No: 93.37/028

Jan Feb May Apr May Jun jul Aug Sep Oct Nov I2e¢ Annual

1971 - - - - - - 28 0 1 2 16 59 -
1972 28 29 %4 133 HS 2 1 1 27 it 239 50 748
1973 153 56 3 67 40 5 0 ! 2 20 45 3 396
1974 7 0 35 KEY 129 6 n 1 0 0 8 5 558
1975 17 6 45 st 53 3 9 { 23 3 1 36 251
1976 35 12 1 102 32 10 1 0 69 3 22 4 362
19717 KX 21 49 183 40 5 1 13 9 65 50 32 501
1978 12 108 154 213 56 1 i ¢ 0 6 38 80 B0
19719 12 16 102 29 197 6 8 2 4 4 2 9 714
1980 23 1 15 166 22 0 4 22 7 33 62 G0 415
1981 34 7 232 231 17 2 0 15 12 112 29 41 8§32
1982 4 6 38 199 126 10 15 6 n 159 137 109 840
1983 0 13 s 131 112 13 1 0 0 5 10 34 354
1984 16 0 70 114 9 17 16 0 0 9 72 42 315
1985 3 60 13 219 76 o 3 0 36 46 81 20 61
1986 70 3 84 93 128 9 0 35 0 1 18 M 546
1987 35 ! 163 153 62 1 14 56 o 4 24 0 513
1988 43 0 149 233 5 7 0 10 24 20 28 53 512
1989 56 6 63 243 35 3 0 2 4 32 45 24 513
1990 12 37 303 611 - 0 - - 0 30 61 51 -
1991 23 0 45 36 57 4 50 3 0 0 28 54 36
1992 0 36 9 149 135 0 3 - 8 [V} 15 16 -
1993 99 56 19 - 25 0 0 4 0 42 7 4 -
1994 2 kL) 7 116 40 0 3 - 0 17 17 48 -
1995 12 31 103 368 56 0 2 to 31 62 - 7 -
1996 87 50 185 173 40 0 0 0 0 12 21 0 568
1997 0 0 13 - - - - - - - - - -
Average 37 23 £8 192 71 4 3 9 11 29 49 36 556

Source ; Regional Water Office, Moshi
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Table A.2.4 Menthly Rainfall Data at Moshi Slation

Station Name: ~ Moshi Meteo Statton Station Not 933000 '

i Jan Teb Mar Apr May  Jun Jul Aug  Sep Oct Nov D¢ Annval
1930 i 32 47 434 124 7 4 9 12 45 102 i 108
1931 22 52 46 152 305 8 5 1? 13 7 16 62 1,320
1932 o n 74 92 220 71 6 2 4 13 9 27 906
1933 165 57 75 49 44 25 13 28 0 0 27 i9 L2}
1934 48 53 ! 68 231 62 28 8 ] 4 ] 37 6738
1935 1 Hl i 05 245 38 3 37 22 7 22 52 928
1936 1t 53 D 458 132 88 1 62 44 4 i9 % LM
19237 6 H 128 703 348 9 1 15 ¢ i 58 49 1.0
1938 5 9% s 240 130 13 4 ? i 149 53 231,257
1939 1 ] s 40l 126 W 4 13 1t 8 3! 27 949
1940 103 105 113 240 £38 10 3 25 0 3 73 0 8is
1944 26 i8 68 181 28 M 0 2 i ¢ 46 213 627
1942 13 0 e 39 331 2 a iy ¢ o 41 34 LI
1943 7 91 &2 70 315 6 64 0 I3 1 RES 28 776
1944 48 27 128 387 136 5 5 8 417 n 98 107 1062
1943 18 ] 106 105 m g 24 16 2 0 4“4 20 516
1946 l tl 14 23 b 7 7 53 147 757 824
1947 %0 33 88 39 248 HO 3 267 I6 23 4 23 331D
1948 0 2 Lt 197 154 20 8 3 l 24 5 i27 657
1949 25 65 12 277 60 0 16 o 3 4 7 is 506
1950 9 35 219 180 254 17 18 16 16 2 12 62 840
1951 75 48 97 388 211 W0 i5 3 2 W0 101 52 L7
1652 44 2 o 29 7% 11 0 2 8 3 ] 17 525
1953 9 o &6 176 ¥F 5 6 K} 2l 4 78 20 648
1954 25 65 8 M4 263 8 40 l 3 13 33 12 820
1955 4 103 153 n 103 68 8 i3 0 0 i8 14 98
1956 107 4] 56 260 54 12 i 14 3 3 i9 0 536
1957 166 17 21 261 198 6 9 5 5 104 69 i 941
1958 4 12 139 176 168 57 2 i 0 0 4 52 s
1959 19 45 38 186 44 il 3 17 0 6 20 21 458
1960 115 H 1 663 82 42 5 0 { 15 10 4 LI
1961 I 3 18 140 104 3 93 0 47 259 425 MO 1,272
1962 6l 5 13 128 56 i8 i5 28 { i2 1 h1.3 308
1963 14 136 268 246 62 59 6 a 8 0 173 3% 1,068
1564 3 65 77 286 12 7 3 6 16 43 23 33 682
1965 59 9 48 54 62 o 3 5 6 32 48 22 389
1966 21 M 156 165 105 43 9 0 ! 3 6 46 588
1967 3 i i6 139 4 25 6l 40 57 156 62 0 1,001
19638 0 134 136 ° 33 207 91 20 2 52 29 o+ 170 1,293
196% 6 &4 28 58 189 49 i 56 2 78 66 6 612
1970 93 45 257 396 16 10 5 26 1 6 6 LY 937
1971 43 2 58 531 152 47 22 2 o 0 I3 144 1,023
1972 15 57 132 244 214 5 23 6 Y 57 145 22 976
1973 93 M 3 187 73 2 2 5 0 8 44 37 314
1974 34 9 H 724 50 82 5 7 1 1 40 15 1011
1935 24 4 .62 345 63 6 37 i 65 2 16 §: 657
1976 8 is 28 228 93 32 4 2 2 0 1o 52 617
1977 u 79 8 456 166 1 8 28 1 69 H 16 1,007
1978 12 62 295 216 g 26 15 0 0 4 135 58 LOs!
1979 107 40 1217 e 8 48 ] 1 24 1 44 37 1456
1980 14 12 50 M6 2015 5 ] &0 4 33 82 0 8719
1981 16 I 120 556 245 10 } 14 5 76 31 38 1125
1982 14 19 14 9l 217 81 45 4 23 52 264 121,047
1983 12 R 4217 217 35 21 1 3 g 35 68 110
1934 39 2 (X 554 59 72 77 | 4 3 95 58 1004
1935 14 » 147 201 173 28 12 15 3 40 116 61 953
1586 83 5 67 393 209 kY] 2 7 { 44 58 &8 1L
1987 40 9 25 t16 a7 0 3% 61 3 i 3 I3 439
1988 6i 9 180 535 129 22 7 3 33 i 28 71,09
1989 6 I 103 299 i57 16 k! I8 H 14 6 107 %0
1990 52 414 245 632 50 6 9 6 4 40 174 43 1,305
1991 126 18 8 169 284 6 7 0 27 17 38 106 903
1952 3 i? ag 435 26 1 14 24 ! 0 92 52 875
1993 331 55 Lk} 47 101 6 8 13 0 i3 45 2 528
1994 3 42 H 174 178 9 14 3 3 71 28 68 666
1995 it 19 72 503 211 4 8 18 2 M 10 55 910
1996 13 7 42 219 i94 7 B 2 3 6 19 0 390
1997 0 13 128 315 182 26 14 i [ 126 107 65 1038

Average 40 41 106 307 (69 27 17 i7 13 a2 58 51" 8%

Source : Regional Water Office, Moshi
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‘Table A.2.5 Moathly Rainfall Data at Lyamungu Station

Station Name:  Lyamungu Station No: 93.37/021
Jan Fzb Mae Apr May Jun Jol Aug Sep [N Nov Dec Annual

1931 - - - - - - - - -

1932 - - - . - - - - - - - -
1933 - - - . - - - - - - - -
1934 - - - - - - - - - - - - -
1935 k] 244 12 n 690 156 40 41 2 25 70 102 1,866
1936 82 144 57 921 206 199 102 68 46 10 38 131 2710
1937 5 3 258 972 559 171 42 59 19 108 102 48 2,185
1938 4 15 350 294 550 6 49 16 6 66 18 3t 1605
1939 7 12 115 669 585 247 25 13 44 2 16 13 1748
1940 82 2 i07 575 234 88 60 5 G 34 22 32 1438
1941 30 52 63 450 92 137 24 67 80 2 122 256 1,513
1942 3% 2 ML 1,020 520 103 60 30 5 10 &3 47 2,270
1943 1 66 36 196 521 16 110 12 11 S 52 6 1,13
1944 28 41 154 5 33 98 104 39 57 9 9 1L LE36
1945 33 36 ! 424 337 109 63 35 6 i 122 10 1451
1916 0 30 15 431 351 &6 ¥ 29 166 138 15 63 Ls2
1947 7 £} 39 983 638 290 42 39 33 27 20 42 2,254
1948 8 2% i3 382 404 98 31 4 9 59 47 170 1,346
1949 40 99 4 04 314 48 34 28 9 22 6 40 967
1950 43 80 187 437 660 141 59 46 54 15 22 W 1,767
1951 118 12 104 540 509 20 65 46 8 82 143 189 2,091
1952 27 40 &4 329 351 95 &4 13 86 12 66 IR W17
1933 19 215 169 402 466 166 59 18 y - 94 33 -
1954 42 63 4 629 423 37 12 45 11 1l 13 3T 1,341
1935 . - - - . - - - - - - - -
1956 202 25 112 413 218 88 45 34 16 5 44 4 1L,214
1952 90 19 S0 678 620 108 76 6 22 41 268 127 2,105
1958 12 186 127 345 380 i716 65 4 4 0 10 66 1,375
1959 19 28 60 446 m 47 135 53 0 10 53 60 1023
1960 125 6 {15 845 3060 Il 27 5 0 39 28 6 1638
1961 6 23 25 133 142 t4 135 16 i1 125 666 245 1642
1962 174 33 41 160 13 50 32 30 12 il 41 123 1,229
1963 19 40 168 361 316 133 45 34 5 2 246 257 1,655
1964 8 13 271 923 478 k¥ 40 24 5 23 30 36 1,925
1965 103 17 42 512 135 9 28 20 n 19 160 56 1,153
1966 24 3 265 433 282 19 21 8 5 13 35 32 1,273
1967 3 99 10 146 614 164 151 50 151 131 148 6 L7
1968 2 78 158 660 316 148 100 62 22 9 152 142 1,868
1969 5 96 78 161 3 139 45 103 12 | 102 11 L8l
1970 160 20 164 485 m 47 22 20 4 18 9 1 L8
1971 37 44 87 685 401 106 b4 9 11 } 4 101 1,587
1972 i9 06 128 364 561 37 T 36 66 168 KRY| 33 1922
1973 I76 147 17 412 343 92 8 22 3 19 15 32 1306
1974 3 1 30 966 234 180 53 14 19 5 22 67 1,594
1975 n 9 317 524 289 74 124 16 7 5 21 4 1528
1976 9 122 52 260 364 135 32 i9 23 10 40 sI Lide
1977 43 57 116 818 249 B 18 102 8 151 105 108 1,832
1978 166 56 178 388 358 214 62 28 t0 G 193 210 1863
1979 77 i34 65 592 588 139 60 638 70 ? 31 41 18N
1980 40 43 67 348 156 24 85 83 2 79 114 173 1,821
1981 37 17 83 31t 568 84 22 48 11 75 7 60 1,33
1582 9 45 13 385 526 166 {12 40 33 135 171 73 1L705
1983 | 23 84 a4 443 259 9 18 25 50 20 63 1,383
1984 23 37 64 783 305 161 37 21 24 27 N 101 1,781
1985 2 245 100 376 322 kY 56 5 16 n 50 106 1,344
1986 188 ¢ 25 553 527 139 35 10 9 0 67 178 1,753
1987 42 1o 53 135 344 46 76 140 1! 2 49 1o 924
1988 60 7 106 684 226 147 17 8 23 3 58 85 1423
1989 95 12 29 302 819 140 61 65 22 25 13 73 L6I8
1930 4] 0 0 725 509 87 2 43 6 56 175 s 1,740
1991 73 0 140 174 549 43 9 70 9 7 83 069 1,275
1992 0 67 25 516 415 45 16 35 4 2 59 30 L305
1993 177 59 29 151 298 7% 51 19 2 29 15 79 938
1994 4 46 119 199 182 36 1 2 6 42 50 M1 L6
1995 10 39 118 369 574 sl 41 46 10 22 5 61 1,316
1996 29 169 147 811 458 104 38 19 14 16 33 31839
1997 4 34 147 628 197 115 61 9 297 149 214 ALY

Average 4760103300 436 110 59 36 31 40 89 79 1,591

Sougce : Regional Water Office, Moshi
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Table A.2.6 Monthiy Rainfall Data at Hlimo Sisal Estate Station

Station Name:  Himo Sisal Bstate Station No: 93.37/04)

Jan teb Mar Apr May Jun Jul Aug Sep Oct Nov Doc  Annual

1938 )] 88 35% 185 329 [} 13 4 0 5 153 107 1,250
1939 O 0 93 198 202 12 9 30 26 5 16 40 631
19430 135 150 141 275 113 10 0 29 10 0 44 25 932
1941 40 40 26 94 96 36 0 64 o 21 421 331 Li169
1942 52 5 280 256 103 13 0 10 0 36 57 142 9354
1943 19 177 &4 102 71 27 17 0 0 1 57 4 539
1944 70 k) 88 153 87 31 0 24 8 a7 216 166 8§73
1945 51 13 24 82 172 13 24 16 0 0 110 15 514
1946 0 7 1l 210 i3 62 24 (i g1 104 50 48 121
1947 KY) 18 118 283 148 119 9 5 11] 6 106 28 887
1948 31 1 4 100 116 12 10 6 0 & 42 79 519
1949 42 82 0 105 82 O 0 ) 0 13 3 150 487
1950 42 13 33t 179 62 13 5 15 1t 0 S8 12 741
1951 37 41 59 360 186 48 19 0 2 58 114 95 1019
1952 50 141 181 242 45 0 12 3 9 50 27 ? 767
1953 30 2 182 110 127 3 24 32 21 LY 75 11 654
1954 47 3 46 348 408 7 )] 7 17 169 34 42 1,128
1955 20 63 103 127 69 30 16 0 v 37 154 26 705
1956 122 123 94 141 49 0 4 26 7 1 88 15 670
1957 181 36 85 173 254 0 4 0 2 10 145 ix 968
1958 17 171 192 78 102 69 3 0 Q i 34 54 721
1959 54 86 134 204 94 i 44 1 0 6 131 1l 776
1960 48 23 125 259 65 4 4 0 0 30 17 0 375
1951 7 82 117 193 56 10 o0 7 42 118 369 199 1,260
1962 146 10 25 78 72 16 12 i1 2 46 81 108 627
1563 116 56 179 87 29 47 15 4 4 2 190 61 860
1964 5 22 139 415 50 4 1 4 i 20 57 i24 842
1963 39 41 33 0 58 0 7 5 13 106 129 68 569
1966 4 94 185 181 32 48 7 13 0 3 15 46 628
1967 0 67 31 272 135 0 34 5 76 8 272 66 1,037
1968 0 0 239 290 88 5 0 58 0 4 85 18 787
1969 5 183 3z 69 8 4 2 kY 0 KX) 38 6 423
1970 60 36 243 415 63 0 8 10 15 2 82 109 1,044
1971 138 0 61 27 218 73 25 17 ] 27 39 113 989
1972 77 95 21l 100 233 58 22 24 45 35 212 64 1,14
1973 9% 40 0 84 73 28 0 1) 0 0 39 8 69
1974 0 K 9 406 80 43 44 ¢ 0 20 1 0 605
1975 10 8 22 54 7 26 18 52 36 17 61 43 353
1976 90 261 146 348 81 20 9 0 21 26 138 41 1,181
1977 16 65 127 353 58 23 a 45 5 n 177 88 1093
1978 144 83 - - - - 7 ] 0 7 101 68 -
1979 46 130 1o 204 172 17 13 47 i4 3 12 185 955
1980 EX] 1t 54 123 36 0 10 22 0 g 142 49 537
1981 22 a5 148 146 139 ¢ 1 6 33 34 40 66 668
1982 0 0 24 108 159 47 58 5 32 69 40 104 646
1983 0 52 3 52 52 14 5 [ Lo 4 18 99 309
1984 21 4 45 178 48 49 3 0 0 15 §53 25 542
1985 4 90 16 155 68 10 19 0 G 69 94 70 655
1986 69 3 67 179 153 9 6 3 18 22 £9 81 797
1987 21 3 45 77 72 5 10 35 10 3 30 8 318
1988 112 13 3i9 17 45 40 2 5 16 0 272 0 1,056
1989 50 49 17 207 81 3 t] 25 4 53 81 133 803
1990 24 28 i2 123 57 1 15 6 ¢ 17 24 76 551
1991 18 7 31 270 142 11 51 0 10 ¢ 14 63 768
1992 0 20 50 149 48 k) 0 3 0 0 105 68 447
1993 102 1] 2 168 48 6 2 1 1 7 147 87 589
1994 i4 143 56 69 H7 20 5 7 3l il a9 170 652
1995 5 Rl 45 2Lt 114 0 1 37 0 12 45 92 593
1996 30 130 12 264 158 0 ! 6 2 0 11 0 680
1997 0 0 13 243 - - - - - - - - -
Average 46 53 03 187 108 20 12 15 10 26 99 7l 751

Source : Regional Water Office, Moshi
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Table A.2.7 Monthly Rainfall Data at Kilema Mission Station

Sestion Narme:  Kilerna Mission Station No: 93371015
Jan Feb Mac Apr May Jun Jul Aug Sep Oct Nov Doc Annual
1930 &3 66 320 520 187 86 49 70 0 84 - 53 -
-] I K] - 26 b Y3 290 63 56 5 47 74 k3| 12 -
9% 53 114 180 631l 419 194 44 116 84 PA) 142 127 2,152
1913 200 87 166 118 iy 45 162 178 45 a2 145 90 1,443
1534 29 160 105 252 415 264 88 126 {s 99 159 284 2,054
1935 2 156 390 200 515 48 12 93 67 a0 m 163 2018
1915 129 126 134 512 524 0 56 118 %6 84 10 245 2.1
1937 9 54 53 959 743 287 26 178 12 366 193 179 3,561
1938 % 100 492 361 407 Kh 9 48 10 42 258 9% 1946
1939 20 30 397 515 37 153 23 5 15 4 158 5 1,843
1940 194 193 218 637 264 72 52 84 I8 11 95 51 1,888
1941 43 19 173 431 262 163 35 92 0 0 250 47 1935
1942 153 318 346 667 288 87 44 50 k) 66 121 81 2424
1943 4 159 412 226 207 1t 95 4 19 3 16 26 1,383
1944 {63 5 241 328 202 107 74 o? 6l 146 215 e 1750
1945 140 50 229 156 116 65 80 n 22 0 265 1 1520
1946 2 67 9 497 325 53 19 93 276 102 65 141 1,647
1947 4 43 65 466 sy 419 23 33 63 30 124 0 1,665
1948 LY is 22 288 199 64 46 21 22 15 53 115 1040
1949 28 46 0 546 &0 0 B3 45 5 20 3 0 045
1950 125 13 664 61} 213 97 40 30 87 0 100 15 2,039
1951 &0 ) 199 677 555 177 46 PN I 212 13 138 2512
1952 29 136 100 349 202 69 58 i a8 pat 135 2 1484
1953 13 17 170 223 328 44 ™ 156 72 142 30 20 1,595
1954 26 34 161 203 328 40 0 41 {9 109 38 74 1,961
1955 84 149 153 233 214 121 61 17 9 41 123 133 1,34
1956 342 103 227 455 322 94 22 161 41 28 164 3 1553
1957 95 119 103 A5 543 11 61 47 K] 201 193 324 2166
1958 H 922 253 525 584 11D 96 52 25 1o 102 731952
1959 106 iz 2710 341 167 16 181 9 16 28 47 26 1,388
1960 136 g8 313 527 - 148 in 17 13 1O 168 ] -
1961 9 173 24 380 - 21 171 142 - 408 - 466
1962 208 25 80 - 413 - - 268 £l 78 12)] 108 -
1963 i74 163 - - - - 44 » 29 - 437 - -
1964 5 152 265 N9 298 63 13 35 13 76 176 127 2167
1965 72 33 I 466 - s 107 2 51 215 243 216 -
1966 125 85 541 543 - 93 25 0 0 33 17 37 -
1967 o 0 107 501 542 217 167 ¢ 130 328 319 38 2348
1968 ] € 201 411 412 252 34 102 40 71 353 227 2.203
1969 51 153 245 181 180 51 7l 73 53 197 265 23 1,548
1570 182 43 540 905 {.2] 152 §8 67 29 26 97 42 234
1971 160 17 106 102 190 111y 18 68 2t 37 kL 32 222
1972 63 108 134 33 334 ] 91 68 &3 208 73 119 2076
1973 148 109 122 286 152 g0 28 a1 4 12 o0 36 1,076
1974 19 i35 21 1 282 228 126 40 35 17 144 4 1127
1975 59 67 233 385 115 56 129 18 V7 46 kl} 83 1400
1976 100 148 185 415 171 8% 22 22 90 41 65 32 L83
1977 75 49 207 683 {15 31 58 53 39 HO 271 6l 1,856
1978 106 55 297 453 259 141 8 25 3 78 130 48 1,707
1979 109 32 22 602 408 92 88 118 145 67 92 61 2,303
1930 67 41 156 217 527 12 69 122 12 20 156 129 1,547
1981 28 61 19} 494 217 79 » 68 56 87 35 176  1,5%0
1932 - - - ~ - - - - - . - - -
1983 44 78 250 329 176 80 75 I 103 42 59 53 19
1984 21 37 152 KLY 259 17 97 27 s 205 445 87 1766
1983 0 20% 230 151 254 57 57 56 27 104 345 106 1,837
1986 - - - - - - - - - - - - -
1987 91 21 60 514 321 29 93 - - - - - -
1983 62 G 8 720 38l 119 4 27 {02 15 137 - -
1989 104 150 102 - 4 99 87 77 28 141 106 63 -
1990 52 59 04 b 5 i3 0 53 0 3 5 Ll 7
1991 - - o] 232 405 41 12 98 7 4 276 116 -
1992 0 49 48 437 213 kXl 55 43 M 3 290 206 bA3
1993 206 59 105 252 (14 84 67 28 15 9 253 0 L34
1994 25 G6 172 0 215 39 30 56 102 18 iz 237 1,438
1995 0 0 0 0 0 0 o 0 0 0 0 ) ¢
1996 0 0 0 0 0 0 0 o 0 0 0 0 0
1997 0 0 6 0 ] a 1] 0 0 0 0 G 0
Average 74 84 piix] 439 295 93 60 61 45 82 164 106 1,707

Source : Regionat Water Office, Moshi
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Table A.2.8 Monthly Rainfall Data at Old Moshi Nusery Station

_Station Name:  Old Moshi Nursery Station No: 93.377064

Jan Feb Mar Apr May Jua Jul Aug Sep Cct Nov Dec  Annual
1941 - - - - - - - - - - - -
1942 - - - - - - - - - -
1943 - - - - - - - - - - - -
1944 - - - - - - - - - - - -
1945 - - - - - - - - - - - -
1946 - - - - - - - - - - - - -
1947 60 10 108 662 434 225 84 76 43 6 72 28 1,829
1948 i5 10 12 306 ). 123 106 33 33 107 69 191 1,356
1949 65 73 6 533 22 45 i05 70 24 25 20 159 1,348
1950 103 67 193 395 453 159 87 3 124 - 88 95 -
1951 72 162 348 597 668 193 128 82 24 225 294 158 2951
1952 3 1S g2 487 164 134 83 52 53 28 87 40 §i.564
1953 34 16 212 520 537 101 79 124 47 - - - -

1954 - - - - - - - - - - - -
1955 - - - - - - - . - 26 54 178 .
1956 212 117 326 441 355 152 61 22 8 22 72 31 1,892
1957 189 94 510 86 680 138 100 55 35 216 180 259 2,541
1958 41 170 192 745 618 205 119 5 23 - 61 100 -
1959 40 47 19 482 242 87 234 79 14 17 44 63 1468
1960 Ho 52 30 565 212 201 61 15 14 90 27 31 1,688
1961 22 37 [ 650 230 14 73 26 18 144 192 83 1,570
1962 225 45 16 378 365 53 156 9% 14 7 330 144 1,910
1963 ¥} 115 358 523 41 229 58 43 20 26 526 320 2,803
1964 17 81 24 1,005 591 66 51 72 17 153 338 189 2,805
19635 54 95 180 1,594 584 36 183 68 43 262 489 151 3,741
1966 150 126 1,013 1,221 602 3is 127 87 12 - - - -
1967 - - - - - - - - - - - - -
1963 - - - - - - - - - - - - -
1969 - - - - - - - - - - - -
1970 - - - - - - - - - - - - -
1971 79 20 134 1,035 354 74 139 126 59 16 40 113 2,207
1972 6 100 182 721 205 - - - - - - - -
1973 146 102 41 404 - - - - - - - - -
1974 45 - 24 537 95 50 - 4 - - 26 14 -
1975 68 57 514 474 284 136 183 35 52 34 19 113 19N
1976 76 4 179 345 306 53 65 25 43 8 47 5 1301
1977 97 7 120 940 301 62 53 7 29 63 65 93 1976
1978 K1 BY 53 - 519 262 241 136 35 - 39 125 143 -
1979 - - 138 - 413 126 S0 n K| - - - -
1980 49 81 128 244 651 42 156 107 6 37 96 22 1,617
1981 53 43 123 418 832 245 &9 67 45 146 91 220 2426
1982 41 67 10t 398 o 225 0 129 100 225 118 106 1,510
1983 135 42 45 247 206 5 38 7 20 13 14 122 845
1984 73 17 72 786 774 498 298 80 70 481 989 219 4417
1985 43 541 1,085 1,262 919 218 316 105 88 180 339 170 5267
1986 0 22 122 811 461 176 62 17 22 72 132 0 1,897
1987 - - - - - - - - - - - - -
i988 37 0 325 - - - - - - - -
1989 - - . - - - - - - - - -
1931 - - - - - - - - - - - - -
1962 - - - - - - - - - - - -
1993 - - - - - - - - - - -
1994 - - - - - - - - - - - -
1995 - - - - - - - - - - - -
19%6 - - - - - - - - -
1997 - - - - - . - - - - - - -
Average 93 83 233 619 424 149 114 6l 40 100 168 123 2,206

Source : Regional Water Offtce, Moshi
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Table A. 2.9 Annual Maximum Daily Rainflall

Old T°C  TPC

Himo ...
Lyamungu Moshi  Langasan 1angasan NAFCO Chekeren

Moshi  Jilema RECO  sisal

Misssion

_ Nurscry i it Noirth Estate
1930 950

1931 0.1

1932 150.6

1933 955

1934 109.2

1935 1022 1232

1936 1159

1937 1722 181.6

1938 170.2 1104

1939 2138 1045

1940 102.1 103.2

1941 20813 1.0

1942 s 2518

{943 121.0 109

1944 932 965

1945 134 1006

1946 1318 188.2

1947 2540 2807 2024 381

1948 86.9 126 87.6 99.1

1949 61.1 127.5 913 87.1

1930 610 107.2 2057 818

1951 69.6 150.2 828 121.0

1952 834 106.7 965 1374

1933 129 98.0 1030 98.6

1954 716 1532

1955 1232 69.1 40.4

1936 178.3 1016 752 940

1957 102.1 2037 341 165.1

1958 62.0 77.0 932 160.0

1959 538 136.3 909 1513

1960 158.2 1321 1245 922

1961 102.7 1537 i280 131.3

1962 049 918 897 1930

1963 1300 12140 1074 1331

1964 13 1735 1457 194

1965 35 1626 94 3330

1966 790 2088 86.4 i83.9

1961 6.3 1148 1153 44.7

1968 1305 833 156.5 108.0

1969 68.2 131.0 ELY 203

1970 176.8 923 786 o 144
1971 137.8 180.3 1213 1224 480 80
1972 783 783 1019 109.2 980 785 72
1973 83.0 208 1147 8.9 825 65.t - 43
1974 1043 115.5 1304 143 1105 1140 548 107.5
1975 930 752 984 2396 2590 357 309 54
1976 712 1342 105.0 744 37.4 46.1 360 1484
1977 18 1280 1803 1n7i 165 615 ° 560 78
1978 53.1 882 612 440 66.2 76.8 546

1919 147.0 1260 2333 559 56.0 733 0.0 1013
1980 £50.1 010 1133 610 634 631 5715 517

1981 143.7 802 98.4 1227 840 20.0 928 828

1982 818 1260 121.9 147.1 58.0 398 62.7
1983 1109 1760 86.4 787 525 430 486 31 534
1984 2820 744 159.3 2548 554 60.5 510 65 265
1985 86.1 970 1470 3586 63.1 592 2712 67 465
1936 1747 : 196.0 1239 68.0 54.0 515 132 110
1982 482 160.0 499 844 49.8 116 19.2 43.5
1988 1441 168.0 950 330 66.8 56.3 516 125.4 1981
1989 165.2 1054 16338 847 96.8 800 615 137
1990 1942 1000 1291 1069 18390 531 58 2027
1991 1050 150.4 83 45.8 1300 500 140 1334
1992 1076 105.5 1028 4388 2012 746 633 432
1993 594 1321 76.7 312 527 1600 119.6 63.8
1994 490 0.5 918 340 140.5 354 92 45
1995 226.0 110.1 126.2 835 59.3 61.2
1996 49.6 L1690 835 44.6 585 727

Soucce : Regional Water Office, Moshi
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Table A.3.2 Mean Monthly Discharge at IDDI1

(Unit : m3/s)
Year Jan Feb Mar Apr  May  Jun Jul Aug  Sep Oct Nov Dec Average
1955 : 981 11.27

1956 1538 13.63 1346 2258 3594 2697 1609 1356 11.19 1117 11.24 1112 1686
1957 13.52 1405 1053 30.10 9137 3406 2208 1650 1289 11.89 21.61 2998 2572
1958 14.78 18.93 1682 27.27 59.84 5160 2637 1795 1340 11.61 1130 1456 23.74
1959 1208 11.87 1242 2865 3029 1669 1840 1625 29.14 1206 1220 1507 1793
1960 14.93 1214 *** 4793 7789 3658 2529 19.58 16.28 21.19 10.26 10.63

1961 9.89 10.04 990 1556 1372 10.10 13.86 11.54 1113 1833 9847 6094  23.62
1962 S1.04 2386 1608 2524 6165 2403 2025 1634 1271 9.60 1007 14.11 2375
1963 12.87 10.84 13.25 4065 69.88 3253 2717 1633 1284 1078 23.60 27.89 2564
1964 2345 12,74 18.84 10080 99.27 4889 2737 2098 17.05 15.59 14.54 16.20 34.64
1965 19.97 1321 1290 4220 3504 1958 1331 1234 1089 12,66 1947 1412 183l
1966 11.93 1335 2279 61.79 5953 4252 27.28 1457 11.13 1040 1234 (145 2492
1967 1042 1061 1064 21.64 6458 3997 3001 2478 2449 1977 2946 2220 2571
1968 1074 14.19 31.54 7931 8059 73.84 3851 - 28.04 1823 13.76 2644 50.59 . 38.82
1969  20.10 25.59 24.00 20.61 3834 2888 2141 1974 1413 1507 1519 1309 2135
1970 1666 1479 1899 59.70 6634 2886 1908 1376 1274 11.00 11.08 11.98 2375
1971 838 941 964 4497 7966 4526 3240 27.60 17.67 13.76 13.17 1740 2661
1972 16.61 19.52 20.60 3650 5602 41775 2678 19.30 1892 1548 32.18 2580 27.46
1973 2812 1991 1381 439% 67.07 3576 28.15 2037 1471 1253 1423 13.12 2598
1974 13.15 12.92 12.85 6635 4207 3197 3370 24.62 1522 1466 1539 14.64 24.80
1975 15.59 17.21 15.06 3841 4528 3222 2971 2039 1547 1641 1573 1572 23.10
1976 10.67 1074 1112 1572 1846 2026 1318 1007 10.29 1008 989 879 1244
1977 9.83 10.23 10.96 (35.85) (18.39) (16.69) (11.33) (23.63) *++ *+%  x&x  k4x

1978 18.37 1365 2433 4460 4730 2827 2606 17.25 12.19 1028 1358 2769 2363
1979 15.90 2206 23.74 61.14 90.51 8593 3498 2273 1591 13.31 1451 11.66  34.37
1980 10.67 1067 13.02 2289 10326 3082 1775 1527 1244 1147 1442 1620 2324
1981 1252 1817 1651 31.57 50.56 3147 1825 13.77 1227 13.74 1248 1393 19.85
1982 10.81 1044 1518 2828 4797 2745 2420 1874 14.64 27.33 2651 32.10 2330
1983 14.99 1338 1323 1906 47.33 3561 2031 1577 1301 1233 (270 **+

1984 12.87 1198 1194 3458 4522 2795 2634 1925 1492 13.51 22.13 2088  21.80
1985 14.04 17.07 1584 4894 4674 2659 19.64 1507 13.08 13.75 1674 17.78  22.11
1986 1899 13.71 14.11 40.23 5972 (45.54) 21.94 1457 13.83 12.83 13.78 2284 24.34
1987 15.60 12.80 18.84 2203 4662 2375 1421 1533 1349 1288 1255 1229 18.37
1988 1228 1218 1637 5594 4183 28.10 2001 14.66 1499 14.10 1549 1527 2177
1989 1649 1559 1376 44.60 7502 4176 2532 1839 1597 13.60 1640 20.07 26.41
1950 18.6¢ 14.25 3515 68.01 90.18 4150 21.17 1630 1410 13.68 2094 17.02 3091
1991 1347 1323 1575 2146 5524 2872 1644 1436 14.80 1404 15.15 1939 2021
1992 13.52 1348 1226 4193 S1.85 3439 2041 16.63 13.97 1266 1373 1398 21.57
1993  24.17 22.14 1481 1692 2106 1501 1532 1339 1160 12,12 12,17 1222 1591
1994 12.10 1241 1842 2158 4924 21.76 1590 1321 1273 13.29 1405 22.15 1890
1995 1375 12.37 14.12 4634 6070 4025 2000 14.78 1356 1340 1284 13.08 2293
1996 12.62 1331 1456 6676 69.89 3890 2343 1664 1454 1249 1359 1238 2576
1997 11.36 11.92 14.13

Average 15.55 14.23 1606 4028 5638 3397 2255 1742 1457 1372 1785 1880 23.45
Source : Regional Water Office, Kilimanjaro

Data from 1955 to 1975 : Daily discharge records are collected from the Regional Water Office.
Data from 1976 to date : Daily water level records are collected from the Regional Water Office
they are converted to the discharge record by use of the rating curve prepared by the Regional Water O

Remarks : Value in parenthesis is supplemented by correlation
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Table A.3.3 Mean Monthly Discharge at 1DD54 .
; . (Unit : m3/s)

Year Jan Feb Mar  Apr May Jun Jul Auzg  Sep O Nov  Dec  Total
1967 ¥ 1041 1043 1097 1379 1220 1066 1065 1080 1065 1194 1235 1135

1968 1143 1175 1384 2430 2433 2553 1482 1261 1125 1143 1443 1754 1611
1969 12,15 1342 1321 §257 1390 1237 1228 1191 1081 1133 1223 12101 1245
1970 1258 1251 1296 1963 1931 1266 1153 1129 1060 1144 1056 1120 1302
1971 e eer 148 2059 2665 1092 1035 996 1022 995 990 937 1294
1972 1060 1010 1321 1598 1894 1486 1891 [1LI13 1217 1244 1316 3226 1306
1973 1241 1237 1164 1438 1870 1220 1239 1180 1154 1136 1034 1145 1263
1974 12.17 1301 1144 3566 1550 1079 1163 1125 1144 1156 1114 1138 1400
1975 115 1125 1105 1247 1407 1290 1143 1128 (144 1133 & 1036 1179
1976 1032 1071 1079 1147 1117 1031 1064 1051 1062 1036 1057 1047 10.66
1977 1060 (1032) 1160 2538 1552 1258 1105 1250 #++  xse  xar  ix

1978 1362 1447 1701 2900 3307 2370 1644 (11.91) (10.99) (31.28) ({1.87) 20.16 17.79
1979 1444 1640 1903 4233 (d145) (53.12) (2247) (1242) (1242) (11.46) 1367 1131 2255
1980 10.80 1117 1203 1191 3894 3149 1641 1152 (1169 (11.35) (12.43) (12.83) 16.00
1981 1057 1166 1064 1548 2303 1389 1101 1001 (11.02) 1107 1079 1089 1271
1982 1026 1042 1087 1758 1940 1436 t1.64 1118 1075 214 1811 2241 14.09
1983 (173 1085 1063 1106 2153 1848 1079 1068 1077 11.24 1071 ***

1984 (11.35) (11.13) (10.86) (24.35) (25.48) (19.17) (18.30) {12.09) (12.04) (11.47) (17.54) (14.91) 1570
1985 1155 1227 (12.98) (35.96) 3572 2866 2017 1350 1194 1173 1353 1937 19.07
1986  (35.13) 1194 (12.04) (2892) 5766 2047 1596 1216 (11.62) 1097 1249 11.99 1920
1987 1260 1164 1457 1796 1893 1424 1258 1205 1239 1248 1146 1167 1356
1988 1245 (1122) (1327) 2532 1696 1423 1371 1163 1047 1065 1344 1330 1389
1989 1323 1230 1279 3963 4299 3335 2526 (12.01) (1249) (1148) 1270  11.86 20.00
1990 1278 1372 (23.50) S1.63 3334 2587 1919 (J1.82) 1388 1248 2212 (13.19) 21.13
1991 (11.72) (1171 (1293) (1375) (2878) 2359 17.84 1219 (1199) (11.51) 1149 1229 14.98
1992 1126 1109 1070 4529 3146 2663 1582 1131 1094 1094 1155 (11.84) 17.40
1993 2085 1587 1265 1092 1168 1081 1021 1064 960 1119 (10.94) (11.06) 1220
1994 10,14 1071 (14.39) (13.84) (2662) 1589 1274 1155 1072 1139 1071 1165 1336
1995 1102 1165 1175 2750 3452 20.56 1596 1342 1193 1226 1145 1096 1608
1996 1016 998 1062 6251 2821 2297 1424 (11.85) 1318 1208 1117 1122 1818
1997 1149 9.88 (12.05)

Average 1201 1186 12.84 2428 2538 1963 1435 1166 1145 1141 1262 1296 1505
Source : Regional Water Office, Kilimanjaro

Data from 1967 to 1975 : Daily discharge records are collected from the Regional Water Office.
Data from 976 to date : Daily water level records are cotlected from the Regional Water Office
they are converted to the discharge records by use of the raling curve prepared by the JICA Study Team.

Renarks : Valug in parenthesis is supplemented by correlation
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Table A.3.4 Monthly Discharge of Rau River System (1/2)

o (Unit : mVs)

Year Month  Mabogini Intake Weir Tnflow Rau Ya Kati Intake Weir
Flow Intake Cverflow  NjoroR Rau R Total Intake Oveclow
Q@ Q@ o LI . Q2 Qi

1987 Teb 1.136 0593 06543 0543 0094 0617 0.637 0.000
1937 Mar 1.124 0858 0265 0266 0496 0762 Q.59 omn
1987 Ape 1.t41 0857 0284 0284 0654 0938 0.631 0.307
1987 May 1523 0676 0847 0847 1323 2570 0502 2.068
1987 Jun LI59 0315 O844 0834 1082 1926 0.7% 1136
1957 Jul 1058 0277 078t 0731 0424 1205 09M 02
1957 Aug 1145 0381 0764 0364 0489 1253 1033 0020
1987 Sep 1077 033 063) 0633 0322 1005 0958 0.007
1987 Dt 0981 0387 05% - 0594 0285 080 - 0360 0.000
1987 Nov 1014 D.3M6 0663 0668 0210 0878 ¢.798 0.030
1987 Dec 1060 0172 0328 0828 0509 1337 033 1.024
1988 Jaa 095t 0228 0723 072} 0244 0967 0215 0742
1958 Feb 01718 055t 0211 0221 0264 0485 0479 0.006
1988 Mar 0545 0485 0400 0460 0507 0.567 0542 04125
1988 Apr 2069 0450 1619 1613 7835 9454 0.453 8.959
1988 May 1.275 0641 0.634 0634 4900 S55H T0667 4.867
1988 Jun 1.2148 03593 0655 0655 2823 3413 1.236 22
1988 Jub 1.341 0541 0500 0800 1.80F 2.601 1.147 1454
i988 Aug 13713 0339 0.840 0840 082) 1.66) 1.093 0570
1938 Sep 1339 057% 0760 0.760 0626 1.386 1110 0276
1988 Oct 1296 0581 0.5 0715 0397 LIR2 C1076 0036
1988 Nov 1252 0564 0.728 0728 0419 1147 Rty 0100
1988 Dec 1140 0584 ° 03556 0556 0516 1012 0945 oy
1989 Jan 1.283 0590 0893 059y 041 LIEX 0875 ° 0259
1989 Feb 1.106 0.617 0429 0429 0363 0392 0.784 0.008
1989 Mar 0921 0569 0.358 0358 O0H5 0703 ‘ 0.703 0.000
1989 Agc 1.247 0564 06383 0683 34653 4148 0.757 33
1989 May 1277 063} 0645 0645 6715 130 0344 6516
1989 Jun 113 0987 0.126 0126 4332 43858 1.33 3522
1989 Jul 1254 0891 036} 0363 3519 1882 LG 2272
1989 Aug 1619 0740 0819 08719 2438 13317 0962 2.155
1989 Sep 1800 1006 07 0794 3124 3918 0.985 2933
1939 Ot 1724 0944 0.780 0780 0739 13519 1178 0341
1989 Nov 1684 G861 0823 0823 0656 1479 1.018 0461
989 Dec 170} 0735 0.966 0965 0405 1374 0.842 0.529
199G Jan 1.567 0813 0.754 0754 0669 1413 08N 0529
1990 Feb 1.376 08i5 0561 - 0561 0650 L2 0971 . 0.240
1990 Mar 1614 0751 0923 - 0923 1874 29 ot 2025
1990 Apr L3811 0698 1.113 1013 10636 11799 : 0.566 11.233
1990 May 1.888 0633 1250 1250 0061 11314 0738 10.553
1990 Jun 1.946 ORI8 1128 1128 4288 5416 0.950 4436
1990 Jol 2.240 0.750 1.450 1450 1820 3270 0970 2.300
1990 Aug 2350 0.848 1.502 1502 1315 2817 0.998 1.319
1990 Sep 2.158 1082 b116 LI6 0662 1778 1.256 05
1990 Ot 1.999 1.161 0338 D838 0566 1404 1.340 0.064
1990 Nov 1931 0936 0995 0995 0879 18 1.149 G125
1990 Dec 1323 0759 0964 - 0564 0658 1621 0901 o
1991 Jan 1470 0731 07133 0733 1654 2387 1070 1.3§7
1991 Feb 1515 0202 1343 1313 0424 1737 1.353 384
1991 Mar 1405 0.031 L34 1374 0111 54385 ) 1.254 0.231
1991 Apc 1452 0085 1.363 1363 0827 2190 116t 1.029
199§ May 177 0207 1.563 1.563 3373 4936 0.760 4.176
1991 Jun 1510 1003 0.507 0507 1.800 237 0430 18377
991 Jul 02382 0212 0010 0010 1048 1058 © . 0000 - LSS
1991 Aug £285 1217 0008 D008 0941 0949 Q000 0949
1991 Sep 1242 1219 0023 0023 Q64 Q6217 0231 0370
1991 Ot 0970 0970 0000 . 00X 0495 (495 0495 0.000
199§ Nov 0432 0432 0000 0000 0928 0928 0.928 0.0
1991 bec 0.186 0186 0000 0000 L6 L6 LIé 0.000
1592 Jan 0977 03710 0607 0607 0403 1010 1010 0.00)
1992 Feb 0.960 0.330 0530 0580 0260 0840 0840 6.000
L1992 Mar 0896 0442 0454 0454 0.143 0597 4501 0050
1992 Ape 0955 024G 0355 0753 SIS 3870 0310 5.460
1992 May 1.578 0.220 1.358 [.358 4502 35.360 0.440 5420
1992 hin 1.4£0 0.600 03810 0810 28% 3700 [RET 1560
1992 Jut 1.430 0750 0.680 0680 2320 3000 5250 1.750
1992 Aug 1.470 0.750 0720 0720 1300 2020 8070 0950
1992 Sep 1.467 0913 0554 0554 1574 2123 1039 1079
1992 Cct 1.430 0.15¢ G630 0680 0280 0500 0.960) 0.000
1992 Nov 1.530 0.8OQ 0.740 0740 058D 1320 1010 0310
1992 Pec 1413 0803 0610 0610 0480 10%0 1020 GO0

Source : KADP
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Table A.3.4 Monthly Discharge of Rau River Syslel_n (2/2)

{Unit : m3s)
Year Month __ Mabogini latake Weir T atow. ‘Raw Ya Kati Intake Weir
Flow  Intake Ovecdlow  NjoroR Rae R Total Intake  Overflow
Q@2 Qo QL Q1 G Q9 Qu
993 Tan 1400 0840 0560 0560 21 1501 1101 06.700
1993 Feb 1.320 090 0360 0350 1470 1830 1.170 0.660
1993 May 1.200 0950 02% 0290 0943 1231 1.041 0.192
1993 Apc 1140 0630 0460 0460 0.782 122 0922 0.1
1993 May 1.21% 0640 0579 0579 1550 2330 1060 1070
1593 Jun 1.235 0835 0.400 0400 2202 2002 0,569 1633
1533 1t 120 0R3 0.291 0291 1350 1641 12563 03713
1993 Avg
§923 Sep
1983 Out
1993 Nov
1993 Dec
1924 Jan 1.025 0565 0460 0460 0064 0524 0524 0000
1994 Feb 1607 (0510 LERY 0431 01 054 0527 0.014
1993 Mar 1321 0580 0.4 041 0362 1003 0.739 0164
1994 Apc 1276 0565 G711 01 0323 1034 0641 0393
1994 May 1724 0512 1212 1202 2213 3425 0658 2.767
1594 Jun §.382 0612 0.770 037} 1050 1820 0.895 0.925
1994 Jul 1065 0670 0.195 0395 0551 0N 0915 0034
1999 Aug Li46 0656 0490 04350 0043 0553 0553 0000
1994 Sep 1160 632 0528 0528 0193 071 a.721 0.000
1954 Oct 1185 0767 0388 0388 0027 0415 Q4is 0.000
19 Nov 1103 0612 0453 0493 0030 0523 03523 0.003
1994 Dec 1050 0524 0526 0526 0039 0565 0565 0.000
1995 Jan 0855 0419 0436 0436 0028 0464 0.464 0.000
1995 Feb 0809 0409 0400 0400 0040 0430 0440 0000
1995 Mar 0.899 0363 0531 0531 0.100 08631 0463 0163
1595 Apr
1995 May
1995 Jun
1995 Jut
1995 Aug
1955 Sep
1995 Oct
1995 Nov
1995 Dec
1996 Jan
1996 Feb
1996 Mar
1996 Aps
15956 May
1996 Jun
k996 !
1996 Aug
996 Sep
1996 Oct
1996 Nov
996 Dec
1997 Jan
1997 Febr
1997 Mar
1997 Ape
1997 May
1997 Jun
1997 Jul 1623 0629 099 0993 L6 2690 1132 1558
1997 Acg 1548 0102 0816 0816 0664 1480 1021 0459
1997 Sep 1572 0748 0.824 0824 ©.162 0986 0.936 0.000
1997 Cxt 1717 0.0% LQ2d PO2E 0592 1613 0.952 0.661
1997 Nov §.800 0670 130 L3 1254 22384 0.690 1.694
1997 Dec 1L97F 068D 1.291 1.291 23523 1816 0.662 3154
Source : KADP .

Remarks: Only monthly summory records are avaitable in 1994 and 2995,
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Table A, 3.5 Mean Monthly Bischarge at IDC3S

{Unit : m3fs)

Year Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec

1965 143 128 121 143 121 118 L7 117 L17 L11 1.0% 106
1966 101 096 098 1.03 098 1.02 1145 1.25 128 120 1.09 103
1967 090 074 067 077 092 091 1.02 L.19 136 153 150 143
1968 1.33 122 124 139 136 165 183 194 1385 174 168 180
1969 153 143 137 125 136 122 118 119 Li4 L6 1.11 104
1970 099 097 105 1.15 1.08 126 136 137 124 113 093 0381
1971 025 056 066 130 113 135 173 1713 .57 150 095 1.57
1972 1.21 1.88 1.21 1.21 242 146 152 147 135 L1l 115 103
1973 099 098 099 096 16 1.00 194 095 092 060 079 087
1974 079 0.77 0.63 089 0.89 0387 08% 089 092 092 09 088
1975 0380 073 074 103 096 087 076 080 088 089 0.78 0.76
1976 048 047 044 059 058 048 048 045 049 049 046 045
1977 047 049 050 073 070 066 056 0.60 #¥+ k¥ kEk kxR
1978 066 066 071 0.7t 067 073 080 081 087 094 083 093
1979 0.88 0.74 0.83 107 105 189 19 170 178 170 136 1.21
1980 129 1.16 *x¥ ®xx |36 143 |72 ***x x&x 136 [.27 **
1981 1,02 #¥x (04 *&x kxx %% (09 086 *** 083 0.80 0.4
1982 0.67 063 057 052 083 082 081 078 070 0.81 0.8] ***
1983  ##%  ¥xx ddkx wkk (67 *F+ (050 055 0.52 051 047 050
1984 048 048 052 055 096 1.18 1.20 066 0.56 056 058 0.57
1985 052 046 048 0.66 0.61 *¥* *Fx  Hkk oexE Fxx owEE Ak
1986  **% =k kxx kxx kxx (71 07t 071 0.68 0.62 065 065

1987 0.64 061 *++ sk  Fkx ckkk Sk kEk kkEk gk dokk REE

1988 HEkk  kdkEk kg% Exk EEE FkEk  kkx kkk  kEkk  EEx kkk  FkE

1989 EX XS w ok Kok EE £ 3 Hkk kEk&k 050 053 k¥ k % A&k # ok * %k ¥k
Average 0.87 0.86 083 096 1.04 1.09 113 103 107 1.04 096 096
Source : Regional Water Office, Kilirnanjaro
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Table A.3.6 Estimaled Mean Monthly Discharge at IDC3S

(Unit : m3/s)

Year Jan Feb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec
1967 090 074 067 077 092 051 1.02 119 136 153 150 143
1908 133 122 124 139 136 165 183 194 185 174 1.68 1.80
1969 153 143 137 125 136 122 118 119 114 116 L1l 104
1970 099 097 105 1.15 1.08 1.26 136 137 124 113 093 0.3}
1971 025 056 066 130 113 135 L73 173 157 L350 095 1.57
1972 121 188 121 121 242 146 152 147 135 111 LI5S L03
1973 099 098 099 096 116 100 194 095 092 060 079 087
1974 079 077 063 089 089 087 089 0.89 092 092 0690 088
1975 080 073 074 103 096 087 0676 0.80 0838 089 078 0.76
1976 048 047 044 059 058 048 048 045 049 049 046 045
1977 047 049 050 073 070 066 0.56 060 1.i6 1.07 104 090
1978 066 066 071 0.7F 067 073 080 08! 087 094 038 093
1979 088 074 083 107 105 189 196 170 178 170 136 121
1980 129 116 1.19 136 136 143 172 149 144 136 127 1.28
1981 1.02 075 094 0.87 087 091 099 086 093 083 030 0.1
1982 067 063 0.57 052 083 082 081 078 070 08l 081 1.4
1983 0.67 067 067 067 067 059 050 055 052 051 0647 050
1984 048 048 0.52 055 096 1.18 120 066 056 056 058 0.57
1985 052 046 048 066 061 118 120 0.66 056 056 0.58 0.57
1986 052 046 048 066 061 071 071 071 068 062 065 0.65
1987 0.84 068 067 069 1.07 071 061 0.69 062 053 056 055
1988 0.50 0.33 049 1.50 0.82 0.80 0.89 093 (.89 0384 034 0.69
1989 0.83 0.65 048 080 083 0.66 080 1.17 135 1.27 123 125
1950 1.IL 092 122 136 144 149 150 1.50 1.50 150 148 1.27
1991 1.02 106 095 100 1.32 106 083 0383 079 052 025 093
1992 053 051 044 054 113 096 098 1.02 102 098 109 096

Average  0.82 078 0.77 093 1.03 103 1.11 1.04 1.04 099 093 095

AT -

i)



Table A.3.7 Estimated Mean Monthly Discharge at Mabogini Intake Weir Site

(Unil 1 m3/s)

Year Jan Fcb Mar Apr May Jun  Jul  Aug Sep Oct Nov Dec
1967 134 1,19 1.12 122 136 135 146 1.64 1.81 197 194 18§
1968 178 167 169 184 1.81 210 228 238 230 2.19 213 225
1969 197 183 182 170 181 1.67 163 164 159 161 LS55 148
1970 143 141 149 160 152 1717 1.81 182 1.69 158 137 126
1971 145 137 145 168 158 180 218 218 201 194 139 1.65
1972 166 166 166 166 1.68 150 196 191 L80 155 1.60 147
1973 143 142 143 140 161 144 238 139 136 105 1.24 (31
1974 124 (.22 1.08 133 133 131 133 133 136 136 134 132
1975 125 118 1.19 147 140 131 121 125 132 133 123 121
1976 093 092 089 1.04 103 093 093 09 094 094 091 090
1977 092 094 095 131 125 LiIY 145 161 161 152 149 135
1978 111 11 1.24 130 124 131 124 125 131 138 132 L37
1979 1.32 119 127 152 1.50 233 240 240 223 215 1.80 1.66
1980 1.74 161 164 181 180 187 217 194 189 180 172 173
1981 147 120 138 132 132 136 144 130 138 1.27 124 L19
1982 .19 Ll16 116 127 130 131 145 108 1.5 126 1.37 1.59
1983 112 112 112 112 L12 103 095 1.00 097 056 092 095
1984 093 093 097 100 141 163 165 111 101 101 103 1.02
1985 097 091 093 111 106 163 165 L11 101 101 103 102
1986 097 091 093 L1l 106 116 1i6 Ll16 113 1.07 L10 1.10
1987 129 114 112 L14 152 116 1.06 115 108 098 1.01 1.00
1988 095 078 095 207 128 125 134 138 134 130 129 114
1989 128 111 093 125 1.28 111 125 1.62 1.80 172 168 1.70
1990 1.57 1.38 167 181 1.8% 195 224 235 220 200 193 172
1991 1.47 1.52 141 145 177 L5101 128 129 124 097 070 1.38
1992 098 096 090 1.00 158 141 143 147 147 143 154 141
Average 130 123 1.25 140 144 149 159 1.52 156 144 138 1.39

AT- 17



Table A.3.8 Lstimated Mean Monthly Discharge at IDCS

(Unit : m3/s)

Yoar  Jan  Feb Mar Apr May Jun  Jul Aug Scp Oct Nov Dec
1967 0.13 048 0.3 030 136 tI15 144 1.04 151 209 155 082
1968 049 208 242 290 209 294 155 116 127 096 107 664
1969 121 099 105 064 116 095 067 094 047 151 075 043
1970 081 090 3.13 469 206 096 071 065 057 043 042 049
1971 046 031 054 305 220 144 092 060 048 042 036 248
1972 1.43 106 196 1.66 1.58 087 073 050 074 068 1.58 0.73
1973 147 0.60 042 066 082 044 030 026 022 019 024 0.60
1974 029 0.14 035 380 1.89 190 092 052 045 0639 043 031
1975 031 027 044 171 092 036 0.54 046 1.19 034 025 022
1976 0.19 033 105 170 093 0.66 034 028 032 022 G.18 0338
1977 024 100 092 248 218 086 054 050 038 056 120 039
1978 1.00 093 389 340 208 131 096 069 060 053 10§ 162
1979 1.31 181 240 570 281 254 325 164 1.10 089 0385 1.09
1980 066 057 083 243 190 103 0.60 1.05 052 051 076 041
1981 035 029 194 353 322 128 067 058 051 112 053 0.77
1982 039 038 093 084 097 137 1.64 103 053 083 185 582
1983 127 0.83% 098 132 176 125 084 070 050 043 047 0.72
1984 0.67 040 030 296 198 144 365 093 057 057 129 131
1985 062 1.70 1.60 251 1.72 098 074 058 048 0464 1.14 120
1986 1.86 057 175 355 192 161 078 064 056 090 065 221
1987 095 048 044 048 034 029 1.19 138 052 033 029 025
1988 058 022 190 485 2001 L11 067 056 079 045 041 LIS
1989 158 051 140 194 130 064 048 042 036 032 027 14}
1990 162 054 339 531 263 125 083 073 0.63 064 2.12 151
1991 190 1.69 107 134 203 096 058 067 063 044 040 220
1992 - 095 038 032 152 216 088 055 047 036 031 094 095
1993 1.37 1.62 1.37 043 043 034 031 025 022 038 031 058
1994 0.17 053 041 048 080 029 026 018 0.15 050 0.70 0.71
1995 0.37 055 080 285 194 098 045 039 034 039 030 0.66
1996 038 1.30 031 L4 085 046 029 025 021 018 0.15 0.13
Average 0.83 0.78 125 234 167 1.08 091 067 0.57 061 075 1.27
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Table A.3.9 Estimated Mean Monthly Discharge of Rau River
at conlluence with Njoro River

{Unit : m3/s)
Year Jan Feb Mar  Apr  May Jun Jul  Aug  Sep Oct Nov Dec

1967 052 075 052 062 155 134 163 124 170 233 14 14
1968 076 232 270 328 233 333 L7 135 146 L16 126 844
1969 t40 319 125 088 135 115 091 .14 075 170 097 072
1970 103 LIl 356 562 229 116 094 089 082 075 071 076
1971 074 063 080 346 245 163 113 085 075 07 - 066 277
1972 162 126 218 18 177 108 096 097 097 092 177 096
1973 .66 085 07F 090 104 072 062 060 057 055 058 0385
1974 062 052 066 442 210 212 Li3 078 073 069 072 063
1975 063 060 072 191 113 066 0830 074 138 065 - 059 057
1976 055 064 125 19 113 090 065 O61 064 057 055 068
1977 058 120 143 277 243 107 080 077 068 082 139 069
1978 120 113 454 390 232 150 L6 092 085 079 121 182
1979 1.50 202 268 705 317 285 37l 1.8¢ 129 Li0 106 1.28
1980 090 082 104 272 212 123 085 125 078 078 098 070
1981 066 062 1.33 407 367 147 091 083 0678 131 079 099
1932 069 068 113 105 LI7 156 184 123 079 104 206 722
1983 146 109 118 151 196 144 105 093 077 072 075 095
1984 091 069 062 335 220 163 422 113 0382 (0382 148 130
1985 887 19 179 231 192 1.18 097 083 075 088 133 139
1986 207 082 195 409 214 180 100 038 082 Ll - 089 246
1987 LIS 075 072 075 065 062 138 157 - 078 064 062 059
1988 083 057 242 58 224 130 09t 082 L0 073 07 1.2
1989 177 078 159 216 149 088 075 071 066 064 060 160
1990 182 080 389 649 295 144 104 096 087 088 236 L70
1991 212 189 126 153 226 L16 083 091 087 072 069 245
1992 .15 068 064 1.7% 241 109 081 075 066 063 114 LIS
1993 1.56 182 156 072 072 065 063 059 057 068 063 083
1994 054 079 070 075 102 062 060 055 053 077 093 094
1995 067 08F 1062 322 216 LI8 073 069 065 069 062 090
1996 068 149 063 133 106 074 062 059 056 055 053 052

Average 109 104 153 296 191 132 118 092 084 038 1.01 1.61
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Table A.3.10 Estimated Mean Monthly Discharge of Rau River
at Ran Ya Kati Intake Site

: (Unit : m3/s)
Year  Jan Feb Mar Apr May Jun Jul Aug  Sep Oct  Nov  Dec

1967 1836 194 164 1.84 291 269 309 288 351 430 368 292
1968 254 399 43% 512 414 543 402 373 376 335 339 1069
1969 337 307 307 258 306 282 254 278 234 331 252 220
19710 246 252 505 722 381 287 275 271 251 233 208 202
1971 219 200 225 514 403 343 331 303 276 265 205 442
1972 328 292 384 352 345 298 292 268 277 247 337 243
1973 309 227 214 230 265 216 300 199 193 160 1.82 216
1974 186 174 114 575 343 343 246 211 209 205 206 195
1975 1.88 178 191 338 253 197 201 199 270 198 182 118
1976 148 156 214 294 216 183 158 151 158 151 146 158
1977 1.0 214 208 408 368 218 225 238 229 234 288 204
1978 231 224 5778 520 35 28F 240 217 216 217 253 319
1979 282 321 395 8357 4467 518 611 424 352 325 286 294
1980 264 243 268 453 392 310 3062 319 267 238 270 243
1981 213 182 271 539 49% 283 235 213 2106 258 203 218
1582 1.88 1.84¢ 220 232 247 287 329 23% 0 194 230 343 88l
1983 258 221 230 263 308 247 200 193 174 168 167 190
1984 184 162 159 435 361 326 587 224 183 183 251 252
1985 184 281 272 392 298 281 262 194 176 139 236 241
1986 304 173 288 520 320 29 246 204 195 218 199 356
1987 244 189 134 1BO 2197 178 244 272 186 162 163 1359
1988 128 435 307 791 352 255 225 220 235 203 199 248
1989 305 189 252 341 277 199 200 233 246 236 228 330
1990 339 218 556 830 484 339 328 331 3907 288 429 342
1591 359  34F 267 298 403 267 211 220 211 169 139 3383
1992 213 164 154 271 399 250 224 222 213 206 268 256

Average 242 224 286 435 345 288 285 250 238 235 244 113
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Table A.3.11 Mean Monthly Discharge at IDC2A

{Unit : m3/s)
Year Jan Feb  Mar  Apr May Jun  Jul Aug Sep Oc Nov Dec
1960 34 321 285
1961 239 243 230 252 311 284 295 309 324 3350 1027 10.22
1962 1931 950 603 605 542 441 460 455 392 352 318 476
1963 781 525 636 855 803 680 655 548 491 444 687 11.62
1964 7.57 4.89 574 845 1035 8.17 680 69 636 569 523 649
1965 935 6.17 515 759 669 6069 641 681 597 636 658 793
1966  6.18 6.19 8.66 1388 1028 871 695 600 027 072 449 439
1967 395 359 342 802 1289 939 115 7.1 747 3590 5.68 7.63
1968  4.83 394 1388 4976 2925 17.16 1112 8382 6382 574 796 1544
1969 684 660 818 1003 1031 745 678 7.6t 591 598 671 803
1970 6.10 840 676 1996 1258 B8.14 678 628 562 431 518 652

1971 6.87 127 678 1147 11.23 820 17.57 628 483 628
1972 511 826 634 587 844 731 66% 641 594 675 981 1022
1973 7.08 1167 10.14 636 7.06 623 561 508 763 706
1974 514 447 576 552 546 571 591 448 448 491

1975 513 399 450 1039 857 469 275 286 3.12 334 461 503
i976 306 2385 4001 1141 827 522 365 377 398 425 523 5.0l
1977 : : : 19.39
1978  13.18 1351 13.64 2480 1306 7.19 531 4796 375 356 5795 1020
1979 736 9.08 828 1461 1772 1643 872 657 525 437 573 6.56
1980 542 5.72 643 973 1009 760 744 764 608 472 719 904
1981 655 4.82 472 2486 2259 1257 753 630 489 420 397 4.1
1982 4.t4 3.01 266 436 752 621 571 568 488 576 6.33 13.17

1983 492 3.19 363 502 606 550 4384 405 400 344 4.01
1984 607 354 270 5N 521 472 493 439 11.09 10.60
1985 517 3549 425 569 797 525 490 422 377

1986 9.60 2714 493 4.49 312 415 734
1987 6.57 4.67 3.06 216 555 564 537 383 1.90
1988 1.23 1.12

1989

199G

1991 3.04 464 652 775 654 73% 6.00 406 191 620
1992 520 276 221 476 775 522 4793 436 241 3.39

1993 870 844 528 338 346 342 346 3.6 275 275 479
19%4 259 270 388 657 529 420 383 3.62 3147 3.22 1011

1995 562 263 329 429 632 604 462 455 372 284 253 308
1896 231 294 3.14 765 7.27 620 452 355 298 249 238 276
1997 1.38 0.86 033 1.89

Mean 591 541 513 1004 979 748 591 555 465 430 536 145
Source : Regional Water Office, Kilimanjaro

Data from 1967 to 1976 : Daily discharge records are collected from the Regional Water Office.
Data from 1977 1o date : Daily water level records are collected from the Regtonal Water Office
they are converted 1o the discharge records by use of the rating curve prepared by the JICA Study Teamn.

Remarks : Value in parenthesis is supplemented by correlation
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Table A.3.12 Mean Monthly Discharge at 1IDC1

_ (Unit : m3/s) -
Year Jan Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
1957 10.28 16.34
1958 973 1122 11.56 14.67 3445 3045 20.10 1449 1113 1007 955 940
1959 888 9.00 946 12.18 14.54 1093 12.35 1241 1151 10.05 798 8.04
1960 .16 8.00 7.69 29.17 2661 1624 1192 1032 884 861 854 7.49
1961 657 633 612 753 1788 630 136 724 129 894 3224 41.62
1962  39.35 22.64 1391 1386 20.38 14,18 11.10 1062 980 875 8.04 995
1963  13.79 10.79 11.51 19.64 34.08 21.36 18.77 14.52 12.03 10.60 14.49 22.20
1964 14.89 1048 11.06 30,66 39.53 2582 16.77 14.85 1294 11.77 10.78 12.30
1965  15.53 10917 957 1436 1341 1264 1196 1245 11.10 12.14
Mean 14.61 11.17 10.11 17.76 23.86 17.30 13.79 12,11 10.58 10.12 12.74 15.92
Source : Regional Water Office, Kilimanjaro

Table A.3.13 Estimated Mean Monthly Discharge at IDC1 (1987 - 1996)
: (Unit : m3/s)

Year Jan " Feb Mar Apr May Jun  Jul Aug Sep Oct Nov Dec
1987  12.81 10.10 7.23 13.12 36.35 17.02 14.67 1255 9.13 842 515 526
1988 2.17 858 411 13.12 2543 1862 1233 1102 885 842 5.5 10.22
1989 850 858 7.6 13.12 2543 18.62 1233 11.02 8385 842 5.15 10.22
1990 8.50 8.58 7.16 13.12 2543 18.62 12.33 11.02 885 842 5.15 10.22
1991 577 858 716 1273 24.54 24.68 17.20 16.79 1294 974 233 12.59
1992 10.08 5.63 586 13.09 30.04 1587 12.11 1043 6.64 842 876 10.22
1993 1705 1893 10.79 897 1086 18.62 842 854 795 80! 506 10.19
1994 4.88 548 7.16 1046 2476 16.12 1061 932 876 857 658 19.26
1995 1091 532 7.60 11.69 23.65 1873 11.80 1083 894 8.13 434 72.27
1996 432 6.05 735 21.73 27.89 1928 1152 873 764 7.67 385 6.73
Mean 850 8.58 7.16 13.11 2544 1862 1233 11.03 886 843 5.15 10.22
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River:

Table A.3.14 Flood Discharge on the Rau River

Rau River Gauging Station  IDC3
Catchment area : 122 km2
(1) Calculation of daily maximum rainfall
i) Elevation of middle point for catchment arca 1L140 m
ii} Daily maximum rainfall {R24)
Retum period 2 5 103 20 50
R4 (mmv/day) 106 { 148 ] 178 | 204 | 260
(2) Calculation of rainfall intensity ~ ri=Ratiix  (124) P re=0,25 t
it e
T hrs 2 5 10 20 50 2 S 10 20 50
2 234 326 392 448 571 59 81 98 112 143
15 127 176 21.2 243 309 32 44 53 61 17
rl0 80 111 133 153 194 20 28 33 38 49

1,000

100

e

(4) Calculation of peak flood discharge (Qp)

Return period
2
5
10
20
50

@
3.4
5.3
7.0
85

13.0

p
275
226
199
182
151

Qp
115

180
237
288
441
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Table A.3.15 Flood Discharge on the Njoro River

River: Njoro River Gauging Station  1DC35
Catchment area : 15 kin2
(1) Calculation of daily maximum rainfall
1} Elevation of middle point for catchment area S0 m
it} Daily maximum rainfall (R24)
Retum period 2 5 10§ 20 | 50
R24 (mmv/day) 96 1 127 | 145 | 157 | 187
(2) Calculation of rainfall intensity t=R2aft x (U/24) 13 e=025n
¢l e
T hrs 2 s 10 20 50 2 5 10 20 S0
7] 21.2 280 320 347 412 53 70 80 87 103
5 iL.s 151 173 188 223 29 38 43 47 56
el 72 905 109 118 140 1.8 24 27 29 35
() Plotting . I -
1,000 i
— —T=5 | T=20" - Rl CE -
T - o
RN VAN N B B I
SN N RN N S RPN S _ B O I
A IRNN
\ SN
NI VAN SR S S _ -
\ AR
\ VRN
IR SN RN AU AR - - Y PR - - -
\
\ \ NN I
\ \ \
5 \
o "’”"’7'\"_"“\ TN NN N - - -
\ AN
‘ 5 RN A 0.45
| RN RN Tp= 301 re
| A \\, A
| S
L 100 M
1 10 100

]
P

{4) Calculation of peak flood discharge (Qp)

Return period
2
5
10
20
50

e
4.5
6.8
8.1
9.4

13.0

i
153
127
117
112

95

Qp
19

23
34
38
54

Qp=136xrex A
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Table A.3.16 Flood Discharge on the Kisiringo River

River: Kisiringo River Gauging Station
Catchment area : 14 k2
(1) Calculation of daily maximum rainfall
i) Elevation of middle point for catchment area 1,100 m
i) Daily maximum rainfall (R24)
Return period 2 5 10 1 20 § 50
R4 (mm/day) 105 | 145 ] 74 ] 198 | 251
(2) Calculation of rainfall intensity i=Rathx (U24) 3 re=0.25
i re
T hes 2 5 10 20 50 2 5 10 20 50
rl 326 451 539 614 711 3.1 113 135 153 194
rs 125 17.3 207 236 299 31 43 52 59 15
110 79 109 130 148 188 20 27 33 37 4.1
{3) Piotting ) i - B B
1,000 T T S P ~ —
TTTITTT=2 4TS TR0 T=20 T=50 [ O] T - o B N
B N e T ] _ I EE
[N MO W N IS T O O OISO SVDUUIOS RIS S 8
~ ~ SN -1
RN S T . _ I
) NN 3
R e
\\ \\\\ RS ™
e T TR O e AR S - .
|
100 | - R R S B
10
1 0

(4) Calculation of peak flood discharge (Qp)
Retum period

16
20
50

15

5.2
82
10.5
13.0
17.5

lp Qp

141 20
15 32
103 41
93.5 St
81.8 68
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Table A.3.17 Flood Discharge on the Msaranga River

River : Msaranga River Gauging Station
Catchment area : 17 km2
(1) Calculation of daily maximum rainfall
i) Elevation of middle point for catchment area 1,200 m
it) Daily maximum rainfall (R24)
Return period 2 5 10 | 20 { 50
R24 (mm/day) 108 | 152 ] 184 | 212 ) 273
(2) Calculation of rainfall intensity 1t =Rasftx 24y re=0.25 rt
it <
T hes 2 5 10 20 50 2 5 10 20 50
ri 336 470 570 657 8446 84 118 142 164 211
5 129 18.1 219 253 325 32 435 55 63 8.1
rl0 81 14 138 159 204 20 28 34 40 5.4
G)Plotting o
1,000 — T T T T T R S S —
777777777 =2 7|~ T=5 T=10 T=20 T=50 ||| 1 . I I s
I PO U NN N N 0 O R b L
~ ~ ~ N
,,,,,, N N N e N S ANNNRY DRI NN N g
~ N ~
T TNTINTINYTIN T T T
™~
b ™
IR _
\‘1-;__.._‘-‘-
i R RO ot Sun) RS I O
10
] 10
(4) Calculation of peak flood discharge (Qp) Qp=1136xrex A

Return period
2

5
10
20
50

e

50

3.5

120
4.0
19.0

p
150

118
101
944
823

Qp
24

40
57
66
90
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River :

Table A.3.18 Flood Discharge on the Msangaji River

Msangaji River

(1) Calculation of daily maximum rainfall
i) Elevation of middle point for catchment area

i1} Daily maximum rainfall (R24)

Gauging Station
Catchment area :

Return period

2

S

10

20

50

R24 (mm/day)

104

[43

171

194

244

(2) Calculation of rainfall intensity

=Rt x (/24)

1/3

1,070 m

10 km?2

re=025nt

1t {c

T hrs 2 5 1) 20 50 2 5 10 20 50

rt 323 445 530 60.1 75.7 2.1 11.1 133 150 189

S 124 171 204 231 291 3.1 43 51 58 13

rl0 7.8 107 128 145 183 20 271 32 36 46

(3 Ploting _ N

1,000 [P SN J M S =" Y P —
T2 TS =10 T=20 PS50 |y T Ty T T 1

100 |-

10

S

~

]

Retu el

{3

3.5
86
12.0
4.5
185

(4) Calculation of peak flood discharge (Qp)

lp
i28

105
%0
82.7
74.1

Qp
is

24
33
40
51

10
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Table A.3.19 Flood Discharge on the Mola River

River: Mola River Gauging Station

Catchment area : 7T hkm2
(1) Calculation of daily maximum gainfall
i) Elevation of middle point for catchment area 1,100 m

i1) Daily maximnum rainfail (R21)

Return period 2 5 0] 20| 50
Rza Gmm/day) 05| 145 | 174 | 198 | 251

(2) Calculation of rainfall intensity i = Raaftx {v24) 1° 1e=0.25 1t
1 [ (]
T hrs 7 5 10 20 30 2 5 10 20 S0
il 336 45.1 539 614 71.7 81 113 135 153 194
(s 125 173 207 236 299 31 43 52 59 15
c10 79 109 130 148 1838 20 27 33 37 47
{_3_) leting
]'Om - . - N - - . - - N — e . - - - - - .
LT=2 T T=0 T=0 TS0 LG TS IR
U TURP SR EURR S - e S
B T S N L e e e A a I
l . \\. \\|\§I\\‘\t} l L | g - L|_1
5 TR ' o
T \.. NN . AN .
ol - ARy _ Lo
o o Tg4s T R . : S
Tp=255 ¢ 0 P T AR
,[ e e e E . ; . : - ._:l : i,,, ? t_. ; - i,,, ' N i,,? i 3
; A ;"""I R { SR Sl R Py
i ; ' ! i H : ! . 1 i -l f :
x f i . - E R SR : N } — ~}k , ,. 1
. ; i ‘ E : i !
SRR R R R
.10 ‘ L ! . L ! .
: 1 10 ' 100

(4) Calculation of peak flood discharge (Qp) Qp=136xrex A
Return period e o Qp
2 60 14 12
5 95 925 18
10 130 803 25

20 155 742 30
50 200 662 39
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Table A.3.20 Flood Discharge on the Mlalo River

River: Mialo River Gauging Station

Catchment arca : 9 km?2
(1) Calculation of daily maximum rainfall
i) Elevation of middle point for catchment area 1,020 m

i1} Daity maximum rainfall (R24)

Return period 2 5 10 | 20 | 50
R24 (mm/day) | 103 | 140§ 166 | 187 | 233

113

(2) Calculation of rainfalt intensity it =Rutx (t/24) re=0.25r
I3 re
T hrs 2 5 10 20 50 2 5 10 20 50
rl 3.8 435 515 579 123 80 109 129 145 18.1
(S 122 167 198 223 278 31 42 49 56 69
i 7.7 105 124 140 175 19 26 31 315 44
G)Plotting e _
L0 ——— U S Y R i i) A S — E— A P B —
=2 TS TR0 =20 SO T N T T b '
ARSI AR TN S 1 L ; _
[ N i U D N N O O L N _
N S SR N S NS B ) S A _ SR N S S _
= R R
> o _ _
~

10
1 10

(4) Calculation of peak flood discharge (Qp) Qp=16xrex A
Rewmperiod e fp QQ
2 55 125 14
S 85 103 21
10 1L5 897 29

20 145 808 36
50 175 742 44
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Table A.3.21 Flood Discharge on the Nanga River

River : Nanga River Gauging Station

Catchment area : 2% km2
(1) Calcutation of daily maximum rainfall
i) Elevation of middle point for catchment area 1,250 m

i1} Daily maximun rainfall (R24)

Return period 2 5 10 | 20 | 50

R24 (mnvday) 110 | 1551 1891 219 | 284

(2) Catculation of rainfall intensity = Ratitx  (w24) '? re=0.25 it
n e
T hrs 3 5 10 20 30 2 5 10 20 50
it 340 480 585 670 880 85 120 146 17.0 220
(5 131 184 225 261 338 33 46 56 65 85
rl0 82 116 141 164 213 21 29 35 41 53
(3) Plotting _ e
e —E— T 7 I I =1 g St o
TTTTTUT=2 ] T=8 P=10 T=20 0TS0 | |\ O T T )
et DO W I P S I (o It
N~ ~
PR _ RN
T\“" =r =1
\\\\
— ‘\_ \_\_
N '
2
~
—I~|- i
J—1 I~ _ -
10
! 10 | 100

(4) Catculation of peak flood discharge (Qp) Qp=1136xrex A
Retumperiod re tp Qp
2 50 137 29
S 84 124 49
10 115 108 67
20 15.0 959 88
50 200 842 117
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Table A.5.1 Existing Water Rights at Kikuletwa River System

Water Right . .

Rtgis'l‘:a!iin Placename River System River Name of holder Purpose l):lsic&r;;ge ATBUC:S :3;: i“c
2475 Kikuletwa £, Srarion Kikulbetwa Kisuletwa Tancseo Power 1130} o]
1117 Kikuleswa £, Station Kelwlelwa Kikuletwa Tancsco Power Q.00 4]
3068 Kikuletws P, Sration Kiekuletwa Kilutetua Tanesco Power Q.00 aQ
1781 Samanga Kikuletws  Kikuletwa  Japgedy Barate decdom 19688 6209

Totad 196 8§ 6.209

Table A.5.2 Existing Watcr Rights at Rau River System

Watee Right .

Re gihs':;ati%n Placename River System River Name of holder Purpose Dlﬂ::ge A“]“c';::.; :9&:?“
2522 Moshi Njoro Njoroya Dobi  Sefu Msuya HR Mot Specificd oos Y
2271 Moshi Riy Njoro Njoro sprigs Ktlimanjare Distiict Coundil Irvigation 5.21 164
2230 Rau Forest tjoro Njoro sprigs District Forest Office Moshi I/dom R 11] 3
2221 Moshi Njoro Njoro Tanaseo frrigation 2813 837

25 Moshi Railway Njoro Njoco stream E.AR. & H. Moshi Railway Resenve Domestic w.s 1.56 49
4811 Moshi Njoro Njoro spring R.G.DXilimanjaro Domfindust 110.00 3,469
4847 Kaloleni Njoro Njoro spring Kalesa Marthin Almas Domestic w.s 006 2
4162 Mabogini-kahe Njoro Njore spring D.D.D. Moshi Dom/Livestock 18§ 246

10 Kahe Raitway Station  Rau Rau E.AR. & H Kahe Railway St2tion Domestic w.s 026 8
1332 Msanga Estate-Uru Rau Rau Matongwe S E. Irc/dom 0.26 8

&47 Okasend Ray Raa Zambetwa Xinos, Mrs. Ierfdom 5625 .74
654 Ohaseni Rau Rau Elefihesions C.(farm no 156} Irrfdom 56.46 1.78L
3071 Moshi (Farns 181/182) Rau Rau Pael V.U, {rrfdom 005 2
2379 Kahe Ran Soko Sammwel John Meen irjdom 103 222
1442 Uru Rav Rau Malongwe S.E. {refdom 28.13 887
656 Kahe Railway Station Raw Rau E.A R & 5. Kzhe Railway Station Bomfindust 13 66
4166 Lru-Materuni Ran Musungz-Mic'e  D.D.D Moshi Domestic w.s 969 306
2232 Rav R. Sugar Estate  Rae Chekeceni furr Kilimanjare Distret Coungil In/dom 8438 2661
970 Kifumba Esta’e Uru Rau Rau e Ceatral Co-op, Socicly Tafdom 0.42 13
97§ Shimbwe, Uru Rau Rau Ueru Central Co-op, Society tofdom 9844 3
426 Kahe Rau Soko Kahe & Scko Sisal Estate Mixtuse o.12 4
427 Chekerend Village Rau Rau Kahe & 5Cko Sisal estate Dom/findust 596 188
4808 Chekereni Village Fay Rau R.D.O Kitimanjaro lerigation 1.135.00 35,793
3321 Moshi Rag Rao Bulwant Singh Errfdom 0.26 B
1733 Kahe Ray Deto Mangi of Kahe lir/dom 140.63 4435
3026 Maini Rau Rau Diocese of Moshi Irr/dom 052 16
4703 Wjoro/Msaranga bridge Rau Rau Joeph Philip Tesha Irrigation 0.28 9
4307 Lower Moski Jrrigation Rau Njoro spring R.D.D, Kilimanjsro Trrigation £04.00 25,155
189 Moshi Rau Njoro Swamp Gupta S1egh fre/dom 5625 1,774
&8S Njun Rau Rau Mangi Sabbas Laizeri trr/dom 000 0
573 Kahe Rau Scko Kahe & SOko Sisal Estare Mixwre E41 2]
574 Chekereni Village Rau Rau Kahe & S0ko Sisal Estate lerigation 161.72 5,100
648 Ray Reu Kings Z.Mos. Mixture 56.8% 1,794
Uru Kifungu Estate Raw Rau Uru Cenirel Co-op Sociely krfdom 4265 1,345

2(63 Kahe Sisal Extate Riw Rau Kitimanjao Dhstrict Council Frrigation 912 3,126
3349 Ray R Rau Kibosho eatral Co-opSociety DonyListockAry. 0.00 Q
Tout . AL AU

Sourve © Regionat Water Office, Kdimanjaro
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