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ANNEX - K

IRRIGATION AND DRAINAGE

1. INTRODUCTION

This ANNEX details the development plan on irrigation, drainage, f{lood
protection dike, farm roads along canals, and on-farm works plans which has been
worked out based on the results of the study and analysis on data and information
collected through inventory survey, field inspection, interview with fanmers and the
government agencies concerned, and also the results of ficld measurements executed by
JICA Study Team himself.  Design concept for project facilitics has followed that for the
Lower Moshi Project Arca since these project facilities have functioned well,

Chapter 2 shows the present conditions of irrigation and drainage facilitics, flood
dikes and farm roads including on-farm facilities which have been examined mainly
through inventory survey. The problems envisaged with the existing project factlitics
have been also clarified and mentioned in this chapter.

Chapter 3 presents the study resulis on irrigation water requirement based on the
proposed altractive cropping pattern and irrigation efficiencies, and the required
rehabilitation works which have been planned based this irrigation water requirement and
results of inventory survey.

Chapter 4 relates the development plan of drainage works, which has been
formulated mainly based on the study results on the drainage system provided for the
Existing Lower Moshi Project Area.  The Plan includes not only the drainage system for
the Expanded Area and the New extension Area, but also the rehabilitation plan for the
existing drainage system for the Existing Lower Moshi Project Area.

Chapter 5 discusses the flood protection work for the Mandaka Mnono area in the
Expanded Area. There are two flood protection dikes: One is against the Rau river, and
the other against floods from some small steams flowing from hilly area.  The design
concept for flood protection works has also followed that for the Existing Lower Moshi
Project Area because the existing flood protection work has worked satisfactorily.

Chapter 6 gives the farm road development plan for the Project arca including 2
diversion channel. The rchabilitation of the existing farm roads in the Existing Lower
Moshi Project Area is also included in this chapter.

Chapter 7 mentions the on-farm work development plan for the Expanded Area,
New Extension Area, and also the upland crop area of the Existing Lower Moshi Project
Area which will be changed into paddy field arca.



2. PRESENT CONDITIONS
2.1 General

The Project arca is divided into three areas: the Existing Lower Moshi Project Area,
Expanded Area and New Extension Area.  Out of them, irrigation activitics are executed
only for the Existing Lower Moshi Project Area and Expanded Area. Therefore, a
review on irigation and drainage systems has been concentrated upon these areas.

2.2 Ir'rigalion System
2.2.1 Water Source for Irrigation
(1) Existing Lower Moshi Project Area

A waler source for the Existing Lower Moshi Project ‘Arca is the Njoro-and Rau
rivers.  As mentioned in ANNEX-A,  the river discharge has decreased year by year.
This tendency is remarkably observed on the Rau river.  The average moathly discharge
in the dry season in 1994 became to 0.56 m'/s which is so lower than 1. 13m's of the
authorised water right.  The reason of discharge decrease is due to unplanned water
tapping at upslream area where paddy cultivation has been vigorously conducted by
observing the success of the Existing Lower Moshi Project Area.  The Existing Lower
Moshi Project Area has subsequently envisaged scvere water shorlage and was
consequently involved in the serious water conflictin 1995. . In order to cope with such
severe situation, it is essential lo exploit a new additional waler source urgently. The
Kikuletwa river, a tributary of Pangani river, is expected as a new additional water source
which has a high potential according to a hydrological analysis. 80% dependable flow
of the Kikuletwa river at IDD54 is calculated as follows:

{Unit : m'/s)
Jan. Teb. Mar. Apr. May Jun.  Jul.  Aug. Sept. Oct. Nov. Dec,

(0.4 105 106 132 164 108 i1.1 1.0 107 10.9 104 103

A possibility of the Kikuletwa river as a new additional water source is discussed
in ANNEX-J.

2) Expanded Area

The Expanded Area is divided into two areas: Kaloleni area and Mandaka Mnono
area. The Kaloleni area is further divided into three areas by the Njoro and Mamba
rivers, that is Northern Kaloleni area, Western Kaloleni area, and Southern Kaloleni area.
The existing water sources for these arcas are as follows:

{a) Northern Kaloleni area :  Three springs
{b) Eastern Kaloleni arca : Spring E
(¢)  Southern Kaloleni area :  Goa spring and Njoro river.

As the results of field inspection of these springs ‘and interview with farmers
concerned, it has been confirmed that these water sources have been enough for
irrigation to these areas. '

On the other hand, a water source for irrigation of the Mandaka Mnene area is
the Mwananguruwe spring.  According (o the discharge meastrement for the spring, its
discharge is approximately 300 /s which is not enough to irrigate all the Mandaka Mnono
area of 360 hain net.  Therefore, supplemental water source is essential.  The Mamba

river is considered as a supplemental water source, whose details are discussed in
ANNEX-J.



(3) New Extension Arca

As mentioned above, no irrigation activities are conducted for this arca.  All
crop cultivation, mostly maize cultivation, is made under rainfed condition.

2.2.2 Irrigation Method

Out of the Project arca, the Existing Lower Moshi Project Area and the
Expanded Atea are covered with the irrigation canal system. The former area is
provided with sophisticated canal system, but the latter arca with a primitive one.  The
both systems are designed to supply irrigation water to each field by gravity. In the
former arca, water continuously flows down to tertiary canals through main and
secondary canals, and then delivers to respective ficld plots by rotation. I the latter area,
water supply is continuousty made to cach field on the farmers’demand basis.  Details of
irrtgation method are discussed in ANNEX-N.

2.2.3 Field Water Requirement

Data for ficld water requirement of paddy is available only for the Existing Lower
Moshi Project Area, where many ficld tests on water requirement for paddy were carried
out by KADC, KADP and KATC. In order to make a cross check for the test results,
JICA Study Team has also made ficld tests using paddy fields in the Existing Lower
Moshi Project Area.  These test resulls have been analysed as follows:

(1 Field Measurement by KADC at Pilot Farm

The pilot farm of 10 ha located in the Chekereni area was completed in 1981.
Outof 10 ha, 2.4 ha was cultivated with paddy. A field test was executed by KADC
in 1982 and 1984 using this paddy field. The results are given in Table K.2.1.  As can
be scen in this table, evapo-transpiration and percolation measured in 1982, say ficld
water requirement ranges from 11.0 mm to 18.0 mm, and its average is 16.3 mm.
These figures are slightly higher to those in Chekereni arca measured by KADP which are
discussed below, due mainly to just reclaimed paddy field.

Measurement data in 1984 is equivalent to about 70% of those by KADP in
Chekereni area.  The reason of lower values in 1984 is deemed to be due to creation of
pan by continuous cultivation.

(2) Field measurement by KADP at Existing Lower Moshi Project Arca

In parallel to commencement of water supply to fields, KADP has started the
measurement of ficld water requirement for the selected field plots in five areas such as
Upper Mabogini, Lower Mabogini, Rau Ya Kati, Chekereni and Oria areas including pilot
arca in 1986, and has substantially continued by 1992.

(a) Yearly variation

Table K.2.2 shows the average ficld waler requirements obscrved from 1986 to
1992. From this table, a yearly tendency for respective arcas is graphed below:
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The graph indicates the different tendency for respective arcas.

t) Upper Mabogini arca

The ficld water requirements observed at the Upper Mabogini area show an
almost constant tendency although those sharply fell in 1990 and 1992,

2) Lower Mabogini area

The field water requirements measured at the Lower Mabogini area range from
23.5 mnv/day to 30.5 mnvday. It would approach to 24 min/day.

3) Rav Ya Kati area

The ficld water requirements measured at the Rau Ya Kati area present a small
change from 12.8 mn/day to 17.6 mm/day in four years from 1987 to 1990,
but those in the remaining two years of 1991 and 1992 show a large increase.

4) Chekereni arca

The field water requirements measured at the Chekereni area present a gradually
increase with small variation, and would come to arcund 19 mm/day.

5) Oria arca

The field water requirements measured at the Oria arca present a gradually
decrease in the first four years from 1987 to 1990, but thereafter a sudden
increase for two years of 1991 and 1992,

As a gencral tendency in all five areas, it was observed that the field water
requirements in the first four years from 1988 to 1990 showed a small fluctuation,
but those in the first year of 1986, and latter two years of 1991 and 1992 a large
fluctuation. It was deemed that such general tendency would be due to
occurrence of cracks in soils which were brought by long fallow period caused by
waler shortage.

Scasonal variation

As can be seen in Table K.2.2,  there are no remarkable difference in the average
field water requirements in three seasonal paddy cultivation.
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(d)

Ave. Field Water Requirement

- st season paddy from Jan. 10 Jun. : 8.9 mm/day to 24.5 mm/day
- 2nd scason paddy from May to Oct. : 8.2 mnwday to 30.7 mm/day
- 3rd season paddy from Sept. to Feb, : 9.1 mm/day to 25.6 mm/day

Arcal variation

On the other hand, some difference have been found in the average ficld
requirements among five areas:

- Upper Mabogini : 8.2 mm/day to 19.5 mm/day

- Lower Mabogini : 16,6 mmvday to 30.7 mm/day
- Ran Ya Kati : 11.2 mnvday to 21.4 mnv/day
- Chekereni ‘ : 13.1 mnv/day o 20.9 mm/day
~ Orta : 12,0 mm/day to 20.0 mmv/day

The Lower Mabogini presents the highest field water requirement among them,
whereas the Upper Mabogini shows the lowest one. The Rau Ya Kati, Chekereni
and Oria, which are covered by the Rau canal system, show the similar field water
requirement.  The reason of the lowest field water requirement in the Upper
Mabogini would be considered to be mainly due to the high ground water table.
Other factor would be soil texture in difference of ficld water requirement because
the Rau Ya Kati, Chekereni and Oria areas are covered with finer soil texture than
the Lower Mabogini.

Relation beiween cropped area and field water requirement

Of the 7-years observation data recorded by KADP for the 5 areas, those of the 4
years from 1987 to 1990 show a tendency of smaller fluctuation than in 1986,
1991, and 1992. On the other hand, the cropped arca was 94 ha in 1985. " It
has increased year by year and reached the maximum area of 1,508 ha in 1990.
Thereafter, it has decreased until 1994 due to water shortage.  The graph below

shows the relation between average ficld water requirement and cropped area from
1986 to 1992.
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From this graph, it is likely, as a gencral tendency, that the larger the cropped arca
becomes, the smaller the Tield water requirement becomes.  In 1991 and 1992,
one, crop ‘scason was totally in fallow as shown in Table K.2.3. This might
bring about larger percolation due to the dry condition of paddy fields. In
particular, a large percolation was observed in 1991, because a fallow period was
due in the dry scason so that paddy cultivation was started in completely dry
condition. Such phenomenon can also be explained from another side where

KATC’s field measurement under continuous cultivation presents lower values as
mentioned above. Thus, it is proposed that the ficld data for 4 years from 1987
to 1990 shall be used for estimating the well-fitted field water requirements for
paddy.



(3) Ficld Measurement by KATC at Experimental Farm

KATC has also measured the ficld water requirement for paddy using the
experimental farm for the 1st season paddy in 1997 by an automatic and a manual
apparatus.  The results are tabulated as follows:

{Unit : mm/day)

Instruinents Feb. Mar. Apr. - May
Aulomatic 144 17.2 14.7 14.4
Manual 10.0 8.2 6.0 6.8

The ficld water requirements measured by the automatic apparalus are in a lower
position as compared with those of the Ist season paddy for all areas. A differcace
between those at the experimental farm and the Chekereni area would be mainly due to
cultivation condition because the experimental farm is presently cultivated- with paddy
twice a year without any long fallow period.  Meanwhile, other areas dre cultivated by
rotation of thrce crop scasons in a year, which would lead to a high posmbﬂtly on crack
occurrence.  In fact, the field water requirements at all areas in 1989 and 1990, arc
within a similar range with those at the experimental farms, because cultivation arcas in
these two years, attained at 1,434 ha and 1,508 harespectively.  On the other hand, the
reason why the observed field water requirements at the Upper Mabogini is lower than the
experimental farm, is due to high ground water table mentioned above.

4) Field Measucement by JICA Study Team in 1997

A field water requirement of paddy has been measured for the following four plots
from June to October, 1997, using one automatic and three manual instruments:

{a) Mcasurement by automatic instrument

An amtomatic instrument was installed at Plot No.202 of RS 4-1 tertiary block at
Chekereni arca. The results of measurement are given in Table K.2.4.
Average field water requirements except unreasonable high values, are calculated
at 8.3 mm/day for June, 11.0 mnvday for July, 12.3 mmv/day for August, 14.1
mm/day for Seplember and 15.9 mm/day for October. These values are about
30% lower than those by KADP.

(b} Moeasurcment by manual instrument

A ficld water requirement of paddy has also been measured for Plol No.317 of
MS 5-1 tertiary block at Lower Mabogini arca, Plot No.215 of RS 1-2 tertiary
block at Rau Ya Kati area, and Plot No.214 of tertiary block at Oria arca using a
manual instrument. It is composed of three tanks such as a bottomless tank with
paddy, a bottomless tank without paddy and a bottom fank without paddy, so as
to be able to calculate evapotranspiration (ET) and percolation (P) separately.

Table K. 2.5 presents the measurement results for respective plots from June 1997
to October 1997.  These results also show very low values as compared with
those measured from 1986 to 1992 by KADP. In particutar, such a remarkable
tendency is scen in Lower Mabogini area where the highest fiecld water
requiremnent is observed among five areas according to the said KADP data,
because ficld water requirement observed at Lower Mabog:m area gives the lowest
among three measurenment plots.

(5) Comparison of Measured and Estimated Consumptive Usc of Paddy (ETc)

A consumptive use of paddy (ET¢) for dry scason paddy was meastired by KADC
in 1982 and 1984 as shown in Table K.2.1. - These values except largely deviated ones,
have been compared with the estimated ones by the modificd Penman method. The
estimated consumptive use of dry scason paddy is given in Table K. 3.1. The
comparison graph is drawn below:
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A consumptive use measured in 1997 which ranges from 4.1 t0 9.2 nmw/day for
two months of Scptember and October, is not largely deviated from this cstimated
consumptive usc curve although the crop growing stage is slightly different,  From
this comparison study result, it was judged that the estimated consumplive use curve by
the modified Penman method was applicable for the Project.

2.2.4 Irrigation Efficiency

The itrigation efficiency consists of conveyance and operation cfficiencies in
canals and structures, and application efficiency in ficlds. In design of irrigation canals
provided in the Existing Lower Moshi Project Area, the overall irrigation efficiency
applied are 72% for paddy and 53% for upland crops, breakdown of which are as
follows:

Efficiencies Paddy field Upland crops held
Application efficiency 95% 0%
Operation efticiency B5% 853%
Convayance efficiency 90% 90%
Overall efficiency 1% $3%

Out of these efficiencies, conveyance efficiencies for secondary canal, tertiary
canal and watercourse have been measurcd by a ponding method. As a result, a
conveyance efficiency for lined canals has been measured at 97% to 98%, and that for
unlined canal, say watercourse al 90%.  The details of measurerent are given in Section
2.8. The conveyance efficiency for the lined canals was still in good range, but that for
watercourse was low due to much leakage. Therefore, the same watercourse was tested
again after certain repairing, which was regarded as one of maintenance work to be
conducted by farmers. The test result which details later too, showed 94% of
conveyance efficiency.

2.2.5 Irrigation Canal Network

(1)  Existing Lower Moshi Project Area

Two irrigation canal systems commanding 2,300 ha of the Existing Lower Moshi
Project Arca including 150 ha of pilot farm and sugar estate, werc constructed in 1987
under the financial assistance of the Government of Japan (OECF).  One is the Mabogim
canal system and the other is the Rau Ya Kati canal system.  The Mabogini canal system
serves irrigation water to 155 ha of the upper Mabogini arca and 800 ha of the Mabogini
arca. Irrigation water is tapped from the Njoro river by the Mabogini intake structure,
and is delivered to Ticld plots by gravity through a main canal, secondary canals, tertiary
canals and watercourses. The Rau Ya Kati canal system supplies irrigation water to 600
ha of Rau Ya Kati arca and 745 ha of Chekerent area in the same manner with the
Mabogini canal system. = A concrete block lining was provided for the main, secondary
and tertiary canals, but watercourses are unlined although those in Chekereni area are
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partially given a concrete block lining by the beneficial farmers at their own finance.  The
constructed irrigation canals and structures are tabulated below:

Irrigation Canals Mabogini Rau Ya Kati Total
S Canal System __ Canalgystem
Main canals 4.8 km 53 km 10.1 km
Secondary canals 6.5 km 18.0 km 24.6 km
Tertiary canals 27.8 km 37.8 km 65.6 kim

At present, these canals are generally in good conditions so thal minor repairs
such as small-scaled embankment and replacement of damaged concrete blocks and filling
of joints between concrete blocks will be only required as shown in Tables K.2.6 and K
2.7.

(2) Expanded Arca

The Expanded Area is located upstream of the Existing Lower Moshi Project Arca,
and is mostly cultivated with paddy by making reference with farming practice executed in
the Existing Lower Moshi Project Area.  The Expanded Area is irrigated by illegally
tapping water from the Njore and Rau rivers flowing nearby.

In the Expanded Area, there are three existing irrigation systems namely; the Njoro
Kwa Goa irrigation system in the upper stteam of Njoro, administratively located in
Kaloleni ward, Moshi urban district, 9 farmers’ built irrigation systems in the same ward,
and the Mandaka irrigation system located in Mandaka Mnono village.

(a) Njoro Kwa Goa Irrigation System

The irrigation facilities of Njoro Kwa Goa irrigation system were constructed by

farmiers themselves voluntarily without any governmental financial assistance.

At the beginning time of 1980s, about 180 ha of paddy fields have been already

developed in Kaloleni ward with water sources of Njoro Ya Dobi and Goa springs,
and after that the irrigation area expanded gradually in particutar shortly after the
development of the Existing Lower Moshi Project Area.  The area is obtaining

irrigation water from Njoro Ya Dobi spring and Goa spring, respectively. There
are three major irrigation canals,  These are of excavated canals, and a few poor
conciele structures only are provided.

(b) Ninc Farmers’ built Irrigation Systems

Out of 9 farmers’ built irrigation systems, 7 systems are located between the
Goa spring and the Mabogini weir, and 2 systems are located downstream of the
Dobi spring.  The former 7 systems have been made by farmers themselves due
to successful paddy cultivation in the Existing Lower Moshi Project Area, which
has resulted in the present constant water shortage in the Existing Lower Moshi
Project Area.  All canals are unlined, and 2 simple concrete structures scrve as
intake structures.  The remaining 2 systems have also been constructed by
farmers for vegelable cultivation in the dry scason.  The canals are of excavated
type and no permancit structures are provided. '

(¢) Mandaka lrrigation System
As well, about 330 ha of paddy ficlds in the M:andaka Mnono village were

developed by the farmers concerned in the beginning of 1980s, with water
sources of the Mwananguruwe spring and the Rau river, and then the irrigation
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area expanded gradually in particular shortly after the development of the Existing
Lowcr Moshi Project Area.

The Mandaka Mnono village has 3 paddy blocks, namely the Makarare,
Mwananguruwe and Uswahilini blocks. Thesc blocks are irrigated by 2 major
canals; Saningho and Cenema canals.  The Saningho canal is supplying waler to
the Uswahilini block which is further divided into 2 sub-blocks of the Upper
Uswahilini and the Lower Uswahilini. The Cenemna canal is supplying water to
the Makarare and Mwananguruwe blocks.

&) New Extension Area
The potential area is located at western side of the Existing Lower Moshi Project
Arca. Since therc are no water sources, only upland crops such as maize, beans and

sunflowers are cultivated under rainfed condition, and no crop cultivation is executed in
the dry season.  Any irrigation canals and struclures are not provided in this Area.

2.2.6 Canal Capacity

(1 Existing Lower Moshi Project Area

Main and secondary irrigation canals are designed using the unit design discharges
of 1.34 lit/s/ha and 1.85 lit./s/ha, respectively, and tertiary irrigation canals for the
following design capacities, aiming to cnsure flexible operation of canal systems:

Main irrigation canal : 1.34 lit./s/ha
Secondary irrigation canal : 1.85 lit./s/ha
Tertiary irmigation canal : 46 lit/s forupto 25 ha

92 hit./s for 25 hato 50 ha
138 ht./s for 50 hato 75 ha
184 Hit./s for 75 ha to 100 ha

On the other hand, watercourses commanding about 10 ha are designed and
constructed for 46 lit./s.  These canals have a frecboard ranging from 0. 17m to 0.35m
mostly depending on flow discharge.

2) Expanded Area

There are no data for the flow capacity of the existing canals.  According to the
field investigation, the flow capacity of existing canals in the Kaloleni ranges from 10
lit/s to 40 livss, and that for the Mandaka Mnono from 10 li/s to 200 lit/s.

2.2.7 Structures

(H Existing Lower Moshi Project Arca

In order to operate these canal systems, NUMCIOUS structures are also provided
in the Existing Lower Moshi Project Area.  These are headworks, turnouts, check drops,
drops, culverts, spillways, siphons and division boxes which are made of reinforced
concrete.  Number of canal structores provided is given in Table K.2.8. As a
measuring device, a Parshali flume was constructed at the headworks, and a rectangular
weir at respective (urnout gates.

. According to an inventory survey, these as well as the canals arc mostly in
working conditions. However, there have found damages in gates installed at turnouts
especially in the upland crop arca, and missing of covering soils for concrete pipes on
culverts.  In addition, it has been found that both Parshall flumes installed at the
Mabogini and Rau Ya Kati intakes have been sensitive to backwater effect caused by
control of a check gate at No. 1 turnout. Measurement of intake discharge shall be
therefore conducted paying care upon the check gate control.  Some foot bridges would
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be required on major canals running around village area.

) Expandcd Area

There are a few permanent structures in both Kaloleni and Mandaka Mnono arcas.
Quality of them is also poor.  These structures shall be replaced totally.

2.3 Drainage System
2.3.1 Drainage Condition in Each Area

(n Existing Lower Moshi Project Area

In the Project area, the Existing Lower Moshi Project Area only were prowdcd
with well-planned drainage system consisting of main, secondary , tertiary and ficld
drains, and related structures, to eliminate the excess water from the PIOJect are 1o rivers
flowmg nearby.  In addition, flood protection dikes were constructed along the Njoro
angd Rau rivers, to protect the Project area and facilitics from floods. The dikes were
provided with flap gates so as to drain the internal excess water to the rivers when water
level in the rivers are lower.

(2) Expanded Area

There are no drainage system in the Expanded Area. Some areas becomc
swampy in the rainy season every year. In particular, such swampy condition is
remarkably observed in the Kaloleni arca.  In order to improve the swampy condition,
it is indispensable to construct the proper drainage neiwork in the Kaloleni arca. The
proper drainage network can be also expected to produce certain return flow.

(3 New Extension Arca

In the New Extension Arca, any drainage network as well as the irrigation canal
network has not been established. The southern part of the New Extension Area is

suffering from poor drainage condition and salinity accumulation is observed as discussed
in ANNEX-D.

2.3.2 Drainage Method

In the Existing Lower Moshi Project Area, excess waler is drained by gravity,

any mechanical drain is not applied. This drainage method has not envisaged with any
problem so far.

2.3.3 Drainage Requirement

There are two drainage requirements: one is for upland crop field and the other for
paddy field. The former is so estimated as to remove the excess runoff from 5-year, one
hour storm rainfall, say 30 mmwvh. The latter is estimated at 5 ¥s/ha on the conditions
that 5-ycar, 24-hour storm rainfall is to be evacuated from paddy field within 48 hours.

As mentioned above, the drainage system designed and constructed using these
drainage requirements, has not presented any drainage problems on its network and
capacity since its construction in 1986.  From this fact, it is deemed that the applied
drainage requirement is quite satisfactory. ‘

2.3.4 Drainage Canal Nefwork

Drainage canal neiwork in the Existing Lower Moshi Project Area was provided
considering the irrigation canal network.  Drainage canals provided are of unlined type
and are classified into main drains, sccondary drains, terliary drains and field drains.

K-10



Length of respective drains are tabulated below:

Drainage Canals Mabogini Rau Ya Kati Total

i B Drainage System Drainage system o
Main drains 12.2 km 4.4 km 16.2 km
Secondary drains 14.7 km 17.3 km 3120 km
Teiliary drains 17.1 km 238 km 40.9 km

The drainage network provided has technically functioned well and any severe
drainage problem has not been observed.  But regular removal of grasses and sediments
in drains should be made as a routine of maintenance work, in order to keep smooth
climination of cxcess water from ficlds to the parent drain and also to prevent salinity
problem.

2.3.5 Structures

The drainage system constructed were also provided with many structures.
These structures are 319 pipe culverts, 12 box culverts, 71 junction structures and 3
drainage shiices.  The inventory survey results show that these structures are in working
condition and any major repairs will not be required accordingly.

2.4 Problems in Irrigation and Drainage Systems

Irrigation and drainage activitics by KADP and farmers’ organisation have been
examined through inventory survey, discussion with government agencies, and interview
with farmers. From the results of examination, the following problems have been
clarificd:

(1) Existing Lower Moshi Project Area

(a) Shortage of irrigation water

{b) Damage of intake and turnouts

(¢} Much leakage from watercourses

(d) Water stagnant due to enclosure by RS5-4 and MR-3
(2) Expanded Area

(a) Poor canalization system

{b) No drains

{¢) Poor access roads

{d) Damage by floods
{3) New Extension Area

Construction of irrigation and drainage facilities is highly expected by farmers.

These problems will be sufficiently reflected upon the formulation of irrigation
and drainage development plan.

2.5  Flood Profection Dike

" Before completion of the Lower Moshi Agriculiure Development Project,  the
Existing Lower Moshi Project Area had been periodically inundated duc to seasonal
floods from the Rau river and its tributaries, and 430 ha or about 20% of the Existing
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Lawer Moshi Project Arca had been suffered from inundation every year.  In order to
protect the Area from such inundation, flood protection dikes were constructed on the
right bank of Njoro and Rau rivers. The dikes were designed against the 20 years
probable flood discharge. The construcled dikes are of earthen embankment with
trapezoidal section.  The crest width is 2.5m and side slopes are 1:2.0 for outside and
1:1.5 for inside. s total length is 15.4 km,

After completion of the dikes, a part of the dikes between the railway and No. |
aqueduct was once damaged by the flood occurced in April 1995, Except this, the
dikes have not faced any problem and have well protected the Area from floods so far.

2.6 Farm Roads

In the Existing Lower Moshi Project Area, four types of f{anmn roads are
provided for execution of operation and maintenance of project facilities and carry of
agriculture inputs and outputs. These are trunk road, main farm road, secondary farm
road and tertiary farm road of which features are tabulated below:

Class Effective width (m) ~ Number Length (km) Pavemcnt
Trunk road 9 | 16.1 Gravel
Main fanin rood 6 3 17.7 Laterite
Sccondary farm rond 5 12 186 Unpaved
Tertiary farm woad 3 76 35.6 Unpaved

The conditions of the roads cited have been also surveyed, and the results are
sumimarised as follows:

(a) Trunk road:

{) Very rough surface with decp s and holes with standing water,
2) Zigzag traffic course,

3) Muddy and slipping condition after rainfall,

4} Poor drainage condition,

5) Partially gravel pavement

(b} Main and sccondary farm roads:
1) Narrow road width due to grass growing which obstruct smooth traffic,
2) Rainfalls draining into irrigation canals at several places due (o reverse gradient

of road surface caused by less maintenance,

(¢) Teruary farm road:

1) Road surface covered with many grass which bring about a difficulty in
passing of vehicles and tractors,

(d) Others:

1) exposure of pipes in culvert duc to crosion of road surface by rainfalls

2.7 On-farm Works

The on-farmu irrigation block size is about 40 ha.  The size and shape of a ficld plot
is 0.3 ha (100m x 30m). The on-farm works compriscs watercourses, field drains, freld
roads, ,their related structures and land levelling works.  The constructed on-farm works
are watercourses of 72.9 km, field drains of 64.4 km, field drains of 77.8 km, and related
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structures of 10,142 nos. The levelling works were executed with a tolerance of £ 7.5
cm. At present, these on-farm works function well, and sizc of a field plot has not
offered any problem on on-farm activitics such as land preparation by a tractor and water
distribution.  And also, land levelling has not indicated any crop yicld reduction so far.

2.8 Field Measurements

{H General

In addition to the measurement of ficld water requirernent of paddy smentioned in
Sub-section 2.2.3, canal scepage loss and return flow have been measured in the
Existing Lower Moshi Project Arca, to confirm the exiting irrigation efficiencies and also
whether water distribution is properly executed or not.

(2) Canal Seepage

Canal scepage loss is one of important factors for determination of proper diversion
requirement.  Peeviously, canal secpage loss for watercourse (lined and unlined) has
been measured using a current meter by KADP. At this time, the measurement has been
made for the secondary canal (RS-4), tertiary canal (RS-4-2), and watercourse (RS-4-17,
No.1), by a ponding method. As a resuli, conveyance loss for secondary canal,
tertiary canal and walercourse is measured to be 3%, 2% and 10% respectively. In
addition, the same watercourse has been tesied again in the same manner, but after repairs
which have been regarded as one of routine maintenance work by farmers.  The lest
result shows the scepage loss of 6%. The details of measurement and calculation are
shown in Tables K.2.9 to K.2.12.

(3 Return Flow

In order to know whether water supply is effectively executed, and also to grasp
approximate water supply discharge, areturn flow measurement was cartied out using the
RS 4-3 tertiary block. The RS 4-3 tertiary arca has 41ha, and its drainage system serves
within its area only. Water supply discharge has been measured using a tectiary (urnout
with a measuring device. Outflow from the fertiary arca has been measured using a
triangular weir installed at the end of tertiary drain.

A measurcment was carried out for one cropping season from June 1997 to
October 1997 when water supply was discontinued.  Table K.2.13 shows the results of
return flow measured. As can be seen in this table, about 4% of supplicd water has
been released into drain throughout one cropping season. It was deemed that this water
management was satisfactorily executed if judging from this value. A peak water supply
was 2.6 Us/ha in June when a puddling time occurred, and followed by 2.4 Vs/ha in
August when no rain was observed.

2.9 Review on Relevant Projects
{Hn Traditional Irrigation Projects

There is a rehabilitation project of traditional irrigation projects in the Kilimanjaro
region which is financed by UNDP, NORAD and GOT. The project aims at
contribution to achicvement of food security and increase in self-sufficiency of food
through increase and stabilisation of crop production.  This project covers the traditional
projects of Musa, Kikafu Chini, Mougini and Shango.  Outof them, Musa and Kikafu
Chini are located in Hai district which is included in the Stedy Area.  The Kikafu river is
a water source for the Musa and Kikafu Chini rehabilitation projects.  An irrigation water
is lapped by an intake weir and is supplicd to the field by gravity.

‘The Musa rehabilitation project commands 676 ha, and crops to be irrigated ase
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paddy, maize, beans and onions.  The project facilitics to be rehabilitated are an intake
weir, main canal of 2.07 km and canal structures consisting of 8 drops, 5 turnouls, and 2
culverts. Construction ¢ost for the weir, main canal and structures are US$ 100,000, and
construction is on-going. On the other hand, design of drainage canals and roads has
not yet becn made so far.

The Kikafu Chini rehabilitation project covers 641 ha of Irrigable area for
cultivation of paddy, maize, beans and onions. The Kikafu Chini project has been
originally irrigated by pump system, but has been failed due to lack of proper maintenance
of pumps. Under the rehabilitation project, rehabilitation andfor construction is made for
one intake weir, main canal of 1.35 km, secondary canal of 0.8 km, and {5 canal
structures such as 2 culveris, S drops, 4 offtakes, 3 cross-drains, and one bifurcation
structure.  Construction of 270 m pipeline is also included in the project.  Construction
cost is USS$ 223,000, and these facilities are under construction,

The site inspection has clarified that construction work including quality control has
not been made well duc to lack of construction equipment although it has been in due
course of the rainy season. In the Kikafu Chini rchabilitation project, a weir is
constructed by combination of concrete weir and gabion weir. At present, it is functioning
well, but careful observation is required whether smooth water intake can be ensured or
not in the dry season when river discharge extremely decreases.  Judging from the river
condition and the required scale of the weir, it is difficult to apply such combination
system to the Project.

(2)  Ndungu Agricolture Development Project

A site visit has been made for the Ndungu Agriculture Development Project
{NADP) located in Ndungu division, Same district, Kilimanjaro region, NADP was
comipleted in February 1990 as a Japanesc grant aird project.  The irrigable area
developed are G80ha. At present,  a double cropping pattern is introduced into NADP,
that is, 1stseason paddy from January to May, and 2nd season paddy from September to
January.

The irrigation and drainage canal system is just the same with the Existing Lower
Moshi Project . The different points are that flood protection facilities such as floodway,
intercepting drains and gated flood dikes were constructed in a large scale, to protect
NADP area from flood. .

An irrigation water supply has been made since 1990, and is presently executed
well.  Major problems encountered are choking of intercepling drain, siltation of
floodway and internal drain.  Especially, flap gates installed at the flood dikes, do not
function because the downstream area which is out of NADP area, is cultivated with
paddy using drainage water dammed up in downstream reach of floodway.  As a result,
there occurs water stagnant in the lower portion of NADP area.

NADP is administiatively under KADP. NADP has three seclions under a
project manager: Water Management and Facility Maintenance Section, Tractor Hire
Service Section and Extension Service Section, which has  Project staff under a project

manager are six in total, consisting of onc O & M staff, three tractor services staff and
two extension staff.



3.

3.1

IRRIGATION WORKS

Basic Approach to Establishment of Irrigation Plan

An i'rrigatio_n developmbm plan for the Project will be formulated taking into

cdnsidcralion the lessons learnt from the Existing Lower Moshi Project and the currently
envisaged problems and constraints to the Study Area, aiming to establish a sustainable
irrigation system.  In the plan formulation, a special focus shall be given to the following
matters:

(a)

(b)

(<)

(D

3.2

3.2.1

(D
(@)

(b)

Application of irrigation water requircment estimated based on the actual
measurements, soil conditions, and irigation method.

Design of irrigation canal system, paying attention to the introduction of
administrative boundary into canal layout for casy establishment of farmers’
organisation.

Design of canal system which conveys irrigation water from main canal to
respective field plots through secondary canal, tertiary canal and watercourse i
turn as much as possible, for casy water distribution.

Provision of simple irrigation facilities including measuring device, considering
casy operation, maintenance and water management.

Basic Figures for Irrigation Plan
Field Water Requirements
Paddy

Study results on field water requitements measured by KADC, KADP, KATC
and JICA Study Team

The ficld water requirements measured by KADC, KADP, KATC and JICA
Study Team were discussed as mentioned in Sub-section 2.2.3.  As aresult, the
following have been clarified:

1) As for KADP’s data, each area shows the similar tendency in yearly and
seasonal variation except areal variation. The Lower Mabogini arca presents
the highest ficld requirement , whereas the Upper Mabogint area shows the
lowest one. The average values of the Lower and Upper Mabogini areas are
similar to the ficld water requirements for other areas.

2) Of the seven-years observalion data recorded by KADP from 1986 10 1992,
those for four years from 1987 to 1990 are proposed (o be used for estimating
field water requircments for paddy.

3) The field water rcquireniénts measured by automatic instrument (KATC and
JICA Study Team) are in lower position as compared with those by KADP.

4) The estimated crop evapotranspiration (Etc) is applicable for the Project
because its curve is not largely deviated from the measured values.

Adopted calculation pfocedure of ficld water requirements of paddy

Taking into due consideration the above study results, il is proposed that the field
water requirement of paddy shall be estimated in the following procedure:
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(c)

1)

2)

3

Crop evapotranspiration of rainy and dry season paddies are estimated using
the modified Penman method.

Percotation rates for rainy. and dry scasen are calculated by deducting the
estimated crop evapotranspiration from the measurced data of KADP for 4
years from 1987 to 1990, and then the averaged ones are determined  In this
procedure, percolation rates measured by KADC in 1982 and 1984 and by
KADP in 1997 are also taken into account.

Ficld water requirements of rainy and dry season paddics are calculated adding
the estimated crop evapotranspiration and the determined percolation rates.

Determination of field water requitements of paddy

In

finc with the calculation procedure mentioned above, the ficld water

requirements of rainy and dry scason paddies are determined as follows:

)

Crop evapolranspiration of rainy and dry season paddics

Tabulated below are the petential evapotranspiration estimated by the modified
Penman method.

(mm/day}

_Station Elev.  Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov, Dec.
Moshi  813m 63 66 67 48 36 34 36 42 57 7.1 68 6.l
TPC 70Im 59 608 56 46 38 34 35 40 49 55 56 56

2)

Percolation Rate (mm/day)

As the elevation of the Study Area ranges from 715m to 760, the potential
evapotranspiralion estimated using data obscrved at TPC is applied to this
Study.

Using these potential cvapotranspiration and crop coefficient,  ¢rop
cvapotranspiration of rainy and dry season paddics are determined as shown
in Table K.3.1.

Determination of percolation rates

Percolation rates for rainy and dry season paddies are calculated by deducting
the said crop evapotranspiration from the mecasured data of KADP. The
results are given in Table K3.2. 'The calculated percolation rates and the
measured ones by KADC in 1982 and 1984 and by KADP in 1997 are plotted
as shown below:

Percolation Rates Calculated U Mabogini

20 ARau Ya Kati
:ﬁ [ D Chekereni
4 b O o o 'y * XOria
2 b x " o & x O KADCE2
0 F A X @ 0 ﬁ o +KADC84
8 o = H—tr . =KADPO/MS
o r % ¢ [ ] 9 0 &’ _
ol ¢ & =~KADP9I/R]
Tl 4 ¢ 2 OKADPIRS
0 1 1 1 5 . 1 1 ha b y '

1 2 3 4 5 6 7 8 9 0 1 12

Month :
In general, a percolation rate in the dry season is higher than in the rainy
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i
scason. But, in thesc data, percolation ralq_si' in the rainy scason arc in
slightly higher tendency rather than those inilie dry season. From these
plotted positions, and also taking it into £onsideiation that percolation rate
would lower if continuovs cultivation i< realised, a percolation rate was
conservatively determined at 8 mnyday,Zor all areas throughout a year.

3) Determination of fictd water requirctiients of rainy and dry season paddics
: ! . .
Ficld water requirements of rainyi and dry scason paddies are eslimated by
adding the estimated crop evapotranspiration and the percolation rate of 8
mm/day as follows: :

- Rainy scason paddy

Description Feb.  Nar.  Apr May Jun. Tul.

Crop ETc(mmvday) 6.4 6.8 6.2, 6.3 5.4 56 47 47 42 42 42
Percolation (nur/day) 8.0 80 80 80 80 80 80 80 80 80 8.0 -
FWR (mmiday)  14.4 14.8 14.7 14.3 13.4 13.6 12.7 12.7 12,2 12.2 122 -

FWR (mm/month)} 409 442 405 194 366 378

- Dry season paddy 4

O e ¥l IR
_ Deseription _Aug. Sepi. Oci. Nov. Dec, Jan.

Crop Efc (mnvday) 4.2 4.5 54 55 64 67 7.0 7.0 69 69 70 -

Percolation (mnv/day) 8.0 80 8. %0 80 806 80 80 80 80 B0 .
FWR (mmv/day) 12.2 12.5 13.4 13.5 14.4 14.7 15.0 15.0 149 149 150 -
FWR (mm/month) 383 404 451 450 462 465

The details of calculation are given in Table K.3.3.
(2) Upland Crop

In the Project area, aifalfa was proposed as the upland crop as discussed in
ANNEX-C. Since no actual measurement data are available, crop water consumption
was eslimated as a product of potentia’ evapotranspiration calculated from climatic data
and crop coefficients relating to crop gmwth stages.  The modified Penman method was
employed because the climatic data necessary for applying it is adequate in and around the
Study Area. The crop coefficient of alralfa was cited from the FAO Publication No.24,
and then consumptive use was calculated as follows:

o . Oct. Nov. Dec. Jan. Feb.
Poteatial Eto (mmfday) 55 535 56 56 56 56 59 59 60 60
Ke 0.40 0.5 0.60 0.80 1.00 1.13 1.12 098 0.74 0.60
Cu (mmvday) 22 25 34 45 56 63 66 58 4.4 16

Note: Ke = Crop Coefficients, Cu= Consimptive Use tmavhalf month)
Table K.3.4 presents the details of calculation of conswnptive use of upland crop.
3.2.2 Effective Rainfall

Effective rainfall varies with rainfall intensity and distribution, permcability and
water holding capacity of soils, amount of irrigation water supply, irrigation management
practices, type of ficld plot and topography of land, cic. In this Study, the cffective
rainfall in paddy fields and upland ficld is calculated separately as explained in the
following paragraph :
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(1) Paddy Ficlds

Effeclive rainfall in paddy ficlds is calculated on the basis of the daily water balance
using daily rainfall data observed at the Chekereni Station. A daily balance study is
made on the following assumpiion :

- Ineffective rainfall : less than 5 mnvday
- Maximwin depth of 1ank : 80

Bascd on the results of daily water balance study, correlation between the 10-day
rainfall and cffective rainfall is estimated for the purpose of calculating the long lerm
assessment as shown in Figures K.3.1.

(2) Uptand Crop Fields

The U.S. Department of Agricullure Soil Conservation Service has developed a
procedure for estimating cffective rainfall by processing long term climatic and soil
moisture data from 50 years of rainfall records at 22 experimental stations. A study on
daily balance in the soil profile is carried out, and the following relationship is derived
frorn monthly rainfall and crop consumptive use.

ER = 0.2 x R0-95x ETc0-31

Where,
ER  : Average monthly effective rainfall in mm
R : Monthly rainfall in mm

Elc : Monthly crop evapotranspiration (consumplive use
water }in mm

Table K.3.5 presents the effective rainfall calculated for Alfalfa, using the above
equation.

3.2.3 Puddling, Nursery and Pre-irrigation Water Requirements

)] Puddling Water Requirement for Paddy

Puddling water requircment for paddy depends on soil type, moisture content, efc.
and varies from time to time. 'Table K.3.6 gives soil physical properties in the Study
Area.  According to this table, porosity of soil in the cultivable layer (approximately O to
30 cm) is estimated to be about 40% on an average. The observed evaporation in
February and March for rainy season paddy is 7mm/day, and that for dry season paddy is
5 mnvday. On the other hand, percolation is S8mm/day as discussed above. From
these figures, the puddling water requirement is calculated as follows:

~ bescripgon Unit Rainy Scason Paddy Dry Season Paddy
Soil depth ram 300 300
Porosity % 40 40
Soil vapour phase % 5 5
Soil moisture before wateo supply % 25 20
Whateq to be supplicd:
Saturation of soil profile mm 30 50
Evaporation nn 10 E10
Percolation mm 80 ‘ §¢
Standing water mim 40 40
Lotal nm 220 215
say 1 220 for both paddies
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Table K.3.7 shows the puddling water requirement schedute.
(2) Nursery Water Requirement

Nursery water requirement for paddy is composed of puddling water for nursery
bed, consumptive use and percolation during nursery peried.  The nursery waler
requirement was estimated under the following conditions, and details are given in Table
K.3.7:

- Arca required for nursery bed 1720 of paddy field arca

- Nursery period 1 25 days

- Required water for 25 days
Preparation of nursery bed 1 220 mm
Conswmnptive use : 7 mm/day
Percolation ;8 mm/day

(3) Pre-irrigation Requirement for Upland Crop

Pre-irrigation will be required just before commencement of uptand crop cultivation
in case of dry field condition.  Table K.3.6 shows the average field capacity of 32 % for
the necessary layer for germination asswined to be 20 cm. From these figures,  the pre-
irrigation water requitement was estimated at 64 mm, say 60 mm:.

3.2.4 Irrigation Efficiency

The Existing Lower Moshi Project applics the overall irrigation efficiency of 72%
for paddy and 53% for upland crops. In this Study, the Kikuletwariver was planned
as an additional water source in addition to the Njoro and Rau rivers.  According to the
water source development plan, the New Extension Area and the Bxisting Lower Moshi
Project Area, except the Upper Mabogini Area and a part of the Lower Mabogini Area, are
planned to be supplied with water from the Kikuletwa river by constructing headworks
and a diversion channel of about 22 km. On the other hand, the Expanded Area and the
remaining Existing Lower Moshi Project Area will be irrigated with the Njoro and Rau
river water. In consideration of such water source development plan and the results of
field measurements of canal seepage loss, the following irrigalion efficiencies were
estimated:

Efficiencics __ Water Supply by Kikuletwa Water Supply by Njoro and Rau

Paddy field  Uplandcrops icld ~~ Paddy field  Upland crop ficld
Application efficiency 95% % 95% T0%
Operation efficiency B5% 85% 85% 85%
Conveyance efficiency 85% 85% 0% 90%
Overall efficioncy 69% 51% 72% 53%

3.2.5 Unit Irrigation Water Requirement

Uit irrigation water requirement for paddy and was estimated based on the ficld
walter requirements mentioned above, effective rainfall, and irrigation efficiency.  Since
there are two irrigation efficiencies depending on water sources as mentioned above, the
following 2 unit irrigation water requirements at water abstraction points are proposed:

(1) Area to be supplied from Njoro and Rau Rivers
. " © (Unit : Vstha)

. Crop Jan, Feb. Mar. Apr, May Jun  Jul. Aug. Sept. Oct. Nov. Dec.
Rainy Scason Paddy 0.1 1.2 2.2 1.9 1.8 10 03 - - . - .
Dry Scason Paddy 0.2 - - - - - o1 Lé 21 23} 22 1.2
Upland Crop (Alfalfa) 1.3 0.4 - - - . - - - 0.3 1.0 1.2
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(2) Arca to be supplied from Kikuletwa River
(Unit : Vstha)

Crop Jan. Feb. Mar. Apr. May Jun  Jul. Aug. Sept. Oct. Nov. Dec.
Rainy Scason Paddy 0.1 1.4 23 240 1.8 1.0 0.1 - - - - -
Dy Season Paddy 0.2 - - - - - 0.1 1.2 23 24 23 1.2
Upland Crop (Alfaila) 1 4 0.5 - - - - - - - 6.3 1.0 1.2

(3)  Cross-Check of Unit Iirigation Water Requi'remem with Return Flow Analysis

As mentioned in Section 2.8, a return flow measurement was executed for one
cropping season from June to October 1997, the results of which are given in Table
K.2.14. 'The table shows that a peak water supply was 2.6 Ustha with 12% surplus
waler in June when a puddling time occuired, and followed by 2.4 Us/ha with surplus
water 3% in August when no rain was observed.  This means that used water amount at
ficld would be around 2.3 Usfha,  On the other hand, the unit water requirement at the
head of tertiary canal would come to 2.1 Vs/ha after deducting the operation and
conveyance losses to occur at the diversion channel, main canal and secondary canal from
the estimated unit ireigation water requirement of 2.4 Is/ha at the water abstraction point.
Since the estimated unit irrigation water requirement is deviated from the measured one
within a 10 % range, it is deemed that the estimated irrigation waler requirement is stilt
applicable.

3.2.6 Design Discharge

As menfioned above, (wo unit irrigation waler requireiments were proposed
depending on water sources. Thesc were used for water balance study, to determine the
irrigable area to be supplied from respective waler sources: Njoro, Rau and Kikuletwa
river,  Finally, the irrigable area was determined at 4,700 ha in net excluding 150 ha of
pilot farm and sugar estate, by supplying additional water of 9m'/s in the rainy season
and 5 m'/s in the dry season from the Kikuletwa river.

Taking into consideralion two unit irigation water requirements, the results of
water balance study, water supply method, and simplification of design, design
discharge for each irrigation canat is proposed as follows:

{nH Diversion Channe}

A diversion channel will be operated on a 24-hour basis.  Its flow capacity will
be the same from the intake poinf to the release point at the Rau siver in consideration of
maintenance of branched main/secondary canals and more cffective use of limited water.
Design discharge of the diversion channel was therefore proposed to be 9m’/fs.

(2) Main [rrigation Canal

A peak waler requirement in the rainy season are 2.2 Ustha and 2.3Vs/ha.
Judging from small difference in these peak requirements,  a unit design discharge for
main irrigation canal was proposed to be 2.3 1/s/h for both arcas.

(3)  Secondary Irrigation Canal

As well, a unit design discharge for secondary irrigation canals was proposcd to
be 2.4 Vs/ha in the same consideration above and also taking into account a possibility of
whole area commanded by one secondary irrigation canal being cropped with the dry
scason paddy at one time.



(4)  Tertiary Irrigation Canal

The design capacity of tertiary irrigation canal is determined in view of rotational
irrigation along tertiary canal.  The applied design capacities are as follows:

_~ Command Arca of Tertiary Canal Design Capacity of Tediary Canal
f.css than or equal 25 ha 60 /s
More than 25 ha, but less than or equal 50 ha 120 I/s
More than 50 ha, but less than or equal 75 ha 180 ifs

{5)  lrrigation Water Distribution Diagram

Based on the unit design discharge, the irrigation water distribution diagrams for
respective areas are shown in Figure K. 3.2,

3.3 Ierigation Method
(1) Paddy

In the Existing Lower Moshi Project Area, waler is continuously supplied down to
tertiary canals. In the teriiary block, a rotational water supply is made for 2
walercourses at a 10-day interval at puddling time and at a S-day interval at the
remaining crop growing time, Continuous water supply down to lertiary canals is
exccuted by KADP, and rotational water supply in the tertiary block by the farmers’
organisation, say CHAWAMPU. On the other hand, in the Expanded Arca, water is
delivered on farmers’ demand basis. In this plan, water supply is planned by
combining the continuous supply and rotational supply systems, of which details are
discussed in ANNEX-J.

{(2) Upland Crop

(a} Water supply method
Alfalfais proposed as a main upland crop after rainy season paddy. According
to the proposed cropping pattern,  alfalfa will be rotationally cultivated for 20%
of the Project arca from the middle of October to the end of February since the dry
season paddy is grown for 50% of the Project arca.
Alfalfa as well as other upland crops, will be intermitlently supplied with
irrigation water. The basin irrigation method is proposed for alfalfa, using a
field plot for paddy although further field ridges are required for effective water
use.

(b) Water supply amount al on¢ lime

Water supply amount at one time is calculated on the following conditions in tins

study:
- Effective root depth 160 cin
- Soil moisture extraction pattern @ Standard type (4 layers of 15 em cach)

- Available moisture - 10%

From these conditions, Total Readily Available Moisture (TRAM) is calculated at
56mm, which corresponds to water amount at one time.



{c) Irigation interval

Daily consumption use is computed at 6.6 mim/day at peak time as shown in Table
K.3.4. With this daily consumption use and TRAM mentioned above, an
irrigation interval at peak time is calculated at 8.5 days. For ¢asy operation of
water supply, it is proposed to apply 7 days irrigation interval at peak time and its
multiplc days at other growing stage, in the light of calendar weck,

3.4 Irrigation Canal System

The Study Area is planned to be covered by the following 4 irrigation divisions:
Headworiks and diversion channel division, Expanded Areca division, Existing Lower
Moshi Project Area division, and New Extenston Area diviston.

H Headworks and Diversion Channel Division

In the headworks and diversion channel division, no irrigation will be made, and

only domestic water supply to villages people living nearby will be taken into
consideration as mentioned in ANNEX-L.

(2) Existing Lower Moshi Project Area Division

Al present, the Existing Lower Moshi Project Area consists of the Mabogini canal
system and the Rau Ya Kati canal system.  Since these systems are currently functioning
well, no large modification will be required and the existing system will be used as it is.
According to the result of water balance study for the rainy season paddy, the Upper
Mabogini area (257 ha} including 70 ha of sugar estate, and a part of the Lower Mabogini
arca (59 ha) will be irrigated using water from the Njoro river, and a part of the Raun Ya
Kati area (160 ha) from the Rau river. And then the remaining area of 1,733 ha
including 80ha of the pilot farm will be supplied from the Kikuletwa river as discussed in
ANNEX-J. From this change of water source, a special attention shall be paid to the
junction structure on the diversion channel for realising smooth the distribution.

As mentioned in Sub-section 3.2.6, design discharges for canals were largely
increased as compared with present ones, details for which are given below:

- Canal Present B Modified Ratio
Main canat 1.34 I/sfha 2.3 Ufs/ha 2 %
Secondary canal 1.85 fs/ha 2.4 Vstha 30 %
Tertiary canal, below 25ha 46 Us 60 Is 30 %

28 hato 50 ha 92Vs 120 Vs 30 %
S0 hato 75 ha 138 s (80 Ifs 30 %

Using the modified unit design discharges, the increased water depth and the
required canal height were calculated as shown in Table K.3.8.  As can be seen in this
table, the water depths in the main canals were mostly increased by more than 15 cm,
but less than 30cm. On the other hand, those in the secondary canals were increased by
less than 15 cm for all canals, bul mostly less than 6 cm.  As for tertiary canals, the
increased water depths were below 5 em. The required work volume for heightening of
canals was estimated based on this table. ' -

3) New Extension Area Division
The New Extension Area (2,090 ha in nct) is located around the Existing Lower
Moshi Project Arca.  [rrigation water is planned to be supplied from the Kikuletwa river

through a diversion channel.  The irrigation system in this Area will be designed
independently as imuch as possible, so as not to interfere with that of the Existing Lower
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Moshi Project Area althd'ugh the same system design criteria is applied.  The irrigation
canal layout is planned taking into consideration not only the topographic condition but
also the village boundary, for casy operation and maintenance by farmers’ organisations,

In the New Extension Area, threc irrigation canal systems are planned according
to the feasibility level canal layout on 1/5,000 topo-maps.  These are System-A, System-
B and System-C.  Each system will be composed of main, secondary and tertiary canals.
frrigation water will be delivered to each field through these canals in respective order,
that is not main to tertiary canals or the fields and secondary canals to ficlds, taking into
due account easy waler management.

(4) Expanded Area Division

The Expanded Arca consists of the Kaloleni ward and the Mandaka Mnono village,
located scparately from each other.  These ward and village are partly covered by the
existing farmers® irrigation system.  Accordingly, the irrigation system plan is worked
out by following this existing system as much as possible.  The proposed canal systems
for Kaloteni and Mandaka Mnono areas which have been also planned using the topo-
maps of 1/5,000, is as follows:

(a) Kaloleni arca
As explained previously, the Kaloleni arca is divided into three arcas by the Njoro

and Mamba rivers. These are Northern Kaloleni, Western Katoleni and
Southern Kaloleni areas. The present water sources for these arcas are as

follows:

- Northern Kaloleni area :  Three springs

- Eastern Kaloleni area :  Onespring

- Southern Kaloleni area :  Goa spring and Njoro river

Through the site inspection and interview with farmers, il has been found that
Northern and Western Kaloleni arcas have been supplied with enough water from
these springs. Meanwhile, Southern Kaloleni area requires irrigation water from
not only the Goa spring, but the Njoro river. Taking into account such water
source planning, irrigation canal system for cach arca has been planned as
follows:

- Northern Kaloteni area

The Northern Kaloleni area has a small irrigable area of 4ha. At present, this
area is irrigated from three springs.  Since the spring water is enough to irrigate
the area, two small supply irrigation canals will be so constiucted as to connect
with them. In this case, there is no application of canal classification such as
main, secondary and tertiary canals.

- Eastern Kaloleni arca

The Eastern Kaloleni arca has an irrigable arca of 27 ha.  This area is presently
irrigated from a large spring using small excavated canals. Since the spring
water has sufficient discharge for irrigating this arca using the existing irrigation
system, the proposed irrigation canal system will follow this system as much as
possible. The proposed irrigation canal will consist of two small supply canals.
- Southern Kaloleni area

The Southern Kaloleni area has a irrigable area of 69 ha.  This area is presently
irrigated from a Goa spring and the Njoro river. Taking into account watet
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volume of the spring which is about 100/, this arca is divided into {wo areas: one
is 32 ha to be supplicd from the Goa spring, and the other is 37 ha to be irrigated
from the Njoro river.  The former is provided with onc small supply canal, and
the latter with two small supply canals.

{b) Mandaka Mnono arca

The Mwananguruwe spring is a water source for the Mandaka Mnono area of 360
hain net.  The discharge of this spring was measured to be less than 300 Vs,
which could not cover all the Mandaka Mnono area.  Accordingly, ‘The deficit
water will be supplied from the Mamba river by constructing intake facility and a
supply canal. The existing canal will be improved and linked with this supply
canal. The proposed canal system consisls of one main canal, lwo secondary
canals and twenly seven tertiary canals.

3.5 Required Irrigation Facilities
(n Basic Approach to Irrigation Facility Plan

[t was observed that the irrigation system in the Existing Lower Moshi Project Area
has been well operated.  Therefore, in this study, the basic principle of irrigation
facilities plan will follow that of the Existing Lower Moshi Project.

(2) Existing Lower Moshi Irrigation Arca

An inventory survey on the existing irrigation facilities was carried out during the
Phase 1 ficld investigation. The survey concluded that any major rehabilitation works
would not be required, except for minor ones such as teplacement of damaged smalt gates,
re-filling carth for culvert, provision of measuring gauge, etc.  Details of required works
for the Existing Lower Moshi Project Area are shown in Table K.3.9.

(3) Expanded Area

There are simple irrigation systems established by farmers themselves in Kalolem
and Mandaka Mnono areas. There are no permanent irrigation facilities in these systems.
The basic principle for irrigation facility plan of this Area is that the existing system will
be incorporated into the new system as much as possible.  As mentioned above, the
Expanded Area has plural small water sources.  Therefore, the required major works are
planned according to these water sources as follows:

(a) Kaloleni arca

13 Northern Kaloleni area

- Intake facility for three springs
- Inlet structures

- Small supply canals

- Division boxes

- Measuring device

2) Lastern Kaloleni arca

- Intake facility for a spring
- Small supply canals

- Division boxes

- Measuring device



3) Southern Kaloleni area

- Intake facitity for the Goa spring
- Intake facility for the Njoro river
- Small supply canals

- Division boxes

- Measuring devices

(b} Mandaka Mnono arca

- Intake facility for the Mwananguruwe spring
- Intake facility for the Mamba river

- Supply canal

- Main, secondary and lertiary canals

- Inlet structurc

- Turnouts

- Division boxes

- Measuring devices

- Culverts

The details of the required irrigation facilities are given Table K.3.10.

(4) New Extension Area

As discussed above, the canal system covering the New Exlension Arca is
planned to be divided into three irrigation canal systems such as System-A, System-B and
System-C. The respective systems consist of main, secondary, and tertiary canals and
related structures.  The main, secondary and tertiary canals will be lined with concrete in
the same way with that of the existing Lower Moshi Project Area.  As related structures,
turnouts, checks, spillways, and culverts would be provided.  Either a Parshall flume or
broad crested weir is planned as a measuring device on the main canal.  Gates with staff
gauges are planned to be provided in turnouts at the heads of secondary and tertiary canals.
The required length of them and number of structures are estimated as follows:

(a) System-A (181 hain net)

Main canal : O.tkm
Secondary canals : 3.1km
Tertiary canals : 7.2km
Rehated structures : 111 nos.

{b) System-B (1,569 hain net)

Main canal : 7.4 km
Secondary canals : 18.9 ki
Tertiary canals : 52.2 km
Related structures : 779 nos.

{¢) System-B (340 ha in net)

Main canal : 2.1 km
Secondary canals : 3.0 km
Tertiary canals : 10.9 km
Related structures : 161 nos.

The details of them are given in Table K.3.11.



3.6
(h

Design of Irrigation Facilities

Desiga Criteria

The irrigation facilities are in principle designed at a feasib'ilitly level based on the

design criteria employed for that for the Existing Lower Moshi Project and irrigation
distribution diagram.  The cxecuted design for them are explained hereinafter.

(2)
(@)

(b)

©

(&)

{©)

Irrigation Canals

Canal lining

The water sources for the Project should be used most efficiently, because the
high cost would requirc the oxploitation of additional water source. The
irrigation canals constructed under the Existing Lower Moshi Project were
provided with the precast concrete block lining from the technical and cconomical
viewpoints, especially considering the effeclive use of limited water sources.
According to the resuits of inventory survey for the canals,  these lined canals are
in salisfactory condition cven afler 10 years use and also offer the less
maintenance cost as having been planned.  From these facts, it is proposed that
the main, secondary and tertiary canals to be constructed under the Project should
be lined with the precast concrete block lining.

Flow formula

The Manning formula is employed for hydraulic cafculation of irrigation canals. In
the formula, the roughness coelficients te be used are as follows:

1) For lined canal, concrete flume and concrete pipe : 0.015

2} For unlined canal :0.030

Allowable flow velocity

The allowable flow velocity used for design of canals are as follows:

1) Maximum velocity
- Lined canal 1.2 misec
- Unlined canal  : 0.8 m/sec
2) Mintmum velocity
- All canals 1 0.3 mfsec
Free board
The required free board for the canals, which aims to protect the canal bank from
the overflowing, are detcamined as follows:
1) Tor lined canal, concrete flume and concrete pipe:
Fb=0.05d 4+ hv + 0.15

wiere, Fb: Free board (m)
d : Design water depth (m)
hv: Velocity head (m)

2) For unlined canal:
ntore than 0.20 m
Side slope

The tollowing canal side slope is proposed considering the slippage of canal lining
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and stability of its sub-grade:

1} For up to and equal 0.6 m canal height  : 1: 1.00
2) More than 0.6 m canal height B2

{(f) Canal banks

Taking into consideration the bank widih of existing canals for the Existing fower
Moshi Project, the following berm width and bank height above the top of lining

are used:
~ Canal Berm widlh (m) Bank height (m)
Main 1.0 03
Sccondary 0.5 0.2
Terary 0.3 -

&) Structures

As mentioned above, lots of canal structures witl be required for smooth operation
and protection of canals. These are diversion structure, turnout, checkdrop, drop,
culvert, spillway, syphon, aqueduct and measuring device.  The structures will be of
reinforced concrete type.  The diversion structure will be accompanied with a measuring
device such as Parshall flurne.  The turnout will be also equipped with a movable weir
type slide gate for easy operation and accurate water distribution.



4. DRAINAGE WORKS
4,1 Basic Approach to Establishment of Drainage Plan

As mentioned previously, there has not found any technical problem in the
drainage system provided in the Existing Lower Moshi Project Area.  Accordingly, the
same approach to the drainage plan including calculation of drainage requircment, was
applicd to this Study although the rainfall data were updated.

4.2 Proposed Drainage Method

According to topographic conditions, excess water can be eliminated by gravity
from the Project area (o the rivers/streams flowing necarby.  In the Existing Lower Moshi
Project Area where gravily type of drainage system was constructed, there has not
found any technical problem since 1986.  Accordingly, the same gravily drainage
system will be applied to the other arcas, too.

4.3 Rainfall Analysis
(D Hourly Rainfali

Two drainage water requirements are estimated: one is for paddy field and the other
for upland crop fields.  These drainage waler requirements are calculated based on the 5-
ycar probable 24-hour storm rainfall for paddy ficlds and the S-year probable 1-hour
storm rainfall for upland crop fields. The hourly rainfall is obtained by converting the
daitly maximum rainfall using the following equation:

R, = R,, (1/24) " = 0.347 R,,

where, R, :hourly rainfall (mmvhr)
R, :daily maximum rainfall (innvday)

{2) Design Rainfall

Design rainfall for drainage is determined from the daily maximum rainfall - altitude
relation shown in Figure K.4.1. The Study Area extends from EL765m to EL715m.
The design rainfall is thus estimated at 82 mm/day for the average altitude of E$.740m.
This design rainfall is almost the same as the previous one of 87mm/day.  Accordingly,
the following previous design rainfalls are applied for this Study:

Paddy fields : 87 mm/day
Upland crops fields : 30 muw/hr

4.4 Estimate of Drainage Requirements
{1) Drainage Water Requirement for Paddy Fields

The drainage water requirement for paddy ficld is estimated under condition that a
S-ycar probable daily rainfali could be drained allowing 48 hours retardation in the fields.
The following equation is employed for calculation:

Q=qxA
q = (R,, x 10" x 10"/(3,600 x 48)

where, Q  :design drainage requircment (1/s)
q  :unit drainage requirement (I/s)
A :drainage arca {ha)
R,, :5-year probable daily rainfall (mm/day)
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Since the S-S'car probable daily rainfall is 87mnvday, the unit drainage
requirement for paddy ficlds is estimated at 5 l/s/ha.

(2) Drainage Water Requirement for Upland Crop Ficlds

The drainage water requirement for upland crop fields is estimated based on the 5-
year probable hourly rainfall of 30mnvhr, using the McMath formula:

Q=23xCxR, xS x A"

where, Q :flood discharge (I/s)

C :coefficient representing the basin characteristics (= 0.3)

R, :hourly rainfall (mms/hr)

S :fall of main drain between the farthest point and the connection
point

A :drainage arca (ha)

Since the hourly rainfall is 30mmvhr, the above formutla is expressed as follows:
Q=207 x8"x A*®
(3) Drainage Water Collection Diagram

Based on the unil drainage water requirement mentioned above, the drainage
water collection diagrams for respeclive arcas are prepared as shown in Figure K.4.2.

4.5 Drainage Canal System

A drainage systein of gravity type will be employed in the Study Area, and any
mechanical drainage system will not be required as mentioned above. The proposed
drainage canal system will consist of tettiary, secondary and main drains in principle.
Al these drainage canals will be untined. A specific drainage plan for the respective
areas is discussed below:

(H Existing Lower Moshi Project Area

No major repairs and/or rehabilitation will be needed for the constructed drainage
canal system. Regular maintenance work such as removal of grasses and scdiments
from drains will be necessary for keeping a smooth flow condition in them. In addition,
a pipe culvert will be additionally tequired where water is stagnant by closure duc to
construction of canals such as RS-4 and MR-3.

2) Expanded Area

The Expanded Arca consists of the Kaloleni ward and Mandaka Mnono village
areas. Both areas are provided with a primitive irrigation system, but no drainage
system. A drainage canal system is therefore planned considering the exisling irrigation
system. In the Kaloleni ward area, the Njoro river will funclion as a main drainage
canal, considering its topographical condition. One secondary drain will be joined with
il at the northern end of the Kaloleni ward area.  Tertiary drains are planned to be directly
connected with the Njoro river and the secondary drain.

The drainage canal system in the Mandaka Mnono village area is also planned
following the existing irrigation system. No main drain will be required due to long and
narrow area. Instead, a sccondary drain will run around the centre of the Mandaka
Mnono village area, from the south to the north, and will flow into the Rau river. The
tertiary draius in the upstream area are planned to flow into the Rau river directly, but the
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remaining ones through the secondary drain.

An intercepling drain will be required along the left side of main canal and left
sccondary canal, in order to cut floods from hilly area and to protect the project facilitics
from such floods accordingly.

3) New Extension Area

The New Extension Arca extends around the Existing Lower Moshi Project Area.
Two main drains are required for the New Extension Area.  The first is the existing main
drain (MD-3) flowing in the eastern part of the New Exlension Area; the second is a new
main drain to be located in the weslern part.  Four new secondary drains will be
connected with MD-3,  to evacuate the excess water from the weslern part area.  The
second rew main drain will be joined with four new secondary drains and two sub-
secondary drains.  The (wo main drains will finally pour themselves into the Nyumba Ya
Mungu rescrvoir.

4.6 Required Drainage Facilities

Based on the proposed drainage system, the required drainage facilitics for
respective areas are determined as follows:

(1) Existing Lower Moshi Project Arca

The inventory survey results showed that although no major repairs andfor
rchabititation are needed for the constructed drainage canal system, removal of grasses
and scdiments from drains will be required.  In addition, a pipe culvert will be
additionally required where water is stagnant by closure due to construction of canals

such as RS-4 and MR-3. The details of required drainage works are given in Table
K.3.9.

2) Expanded Area
The required drainage facilities for the Expanded Area are as follows:
(2) Kalolen: area
1) Northern Kaloleni area
- No need of drainage works except on-farm works mentioned later.
2) Eastern Kaloleni area

- Tertiary drains
- Cross drains

3) Southern Kaloleni area
- Secondary drains
- Tertiary drains
- Cross drains
- Junction structures for tertiary drain with secondary drain

(b) Mandaka Mnono arca

- Secondary drains



- Tertiary drains
- Cross drains
- Junction struclures for tertiary drain with secondary drain
The details of required drainage works are given in Table K.3.10.
(3) New Extension Arca

From the proposed drainage system for the New Extension Area, he required
drainagefacilities are planned as follows:

- Main drains : 10.5 km
- Secondary drains : 27.6 km
- Tertiary drains : 60.5 km
- Cross drains : 3 nos.
- Junction structures : 31 nos.

Table K.3.11 presents the details of the required drainage construction works.

4.7 Design of Drainage Facilities

Based on thc proposed drainage system, the required drainage facilities for
respective areas are designed based on the following conditions:

(1 Design Criteria

The design of drainage facilities are also made based on the design criteria applied
for the Existing Lower Moshi Project.

{(2) Drainage Canals

(a) Canal type

All drainage canals are proposed to be of unlined type, and any lining will not be
provided.

(b) Flow formula

The Manning formula is employed for hydraulic calculation of irrigation canals. In
the formula, the roughness coefficients to be proposed is 0.035.

(c) Allowable flow velocily

The allowable flow velocity used for design of drainage canals are between 0.3
m/sec and 1.2 m/sec.

(d) Free board
The free board employed for the drainage canal design is more than 0.3 m.
(e) Side stope

The side slope of 1 to 1.5 is applied for all drainage canals since there has not
found any severc sliding at the side slope of the existing drainage canals.

(1) Bank width and berm width

The used width of barnk and berm for the drainage canals are as follows:

Design discharge (m3/see) Bankwidth(m)  Bemawidih(m)
Less than 2.0 0.5 0.5
Over2.0 1.0 0.5




{3) Structures

The proposed drainage system will also need a lot of structures consisting of cross
drain and junction structure.  The cross drain is made of reinforced concrele and pipes or
box conduit at the point where the drainage canat will cross with road and/or irrigation
canal. The junction structure is proposed to be of wet stone masonry, which will be

provided to protect the drainage canal from scouring due to water inflow from one
drainage canal to another.



5.  FLOOD PROTECTION WORKS
5.1 Need of Flood Protection Dike

"The Mandaka Muono area extends over the left riparian arca of the Rau river.
According to the site inspection and interview with farmers in the Mandaka Mnono arca,
some parts of the arca arc suffered from floods by the Rau river and alse some small
streams from hilly side every year. [In order to protect the irrigation and drainage

facilitics to be constructed under the Project, it is essential to provide a flood protection
dike.

5.2 Design Criteria for Flood Protection Dike

In the Existing Lower Moshi Project Area,  a flood protection dike of 15.4 km
was provided atong the Njoro and Rau rivers, to protect the project facilities from ftoods.
Except damage of a part of the dike by flood occurred in April 1995,  the present flood
dike has not had any problem so far.  Accordingly, in principle the same design criteria
with the Existing Lower Moshi Project Area, was applied for the flood dike for the
Mandaka Mnono area.

5.3 Design of Floed Protection Dike
(1 Design Floods

In the canal fayout plan for the Mandaka Mnono arca, the main canal and the
secondary canal No.2 will run at the castern side, and the secondary canal No.1 at the
western side. The flood protection dike was therefore designed using the canal
embankment of them, so as to save construction cost.

In the design of flood protection dike for the Existing Lower Moshi Project Area,
design floods of 271m'/s before and 307 m3/s after the confluence with the Njoro river
for the Rau river, which were equivalenl to a recurrence interval of 20 years, were
crployed.  In this study, the same magnitude flood was planned to be used although a
flood discharge itself should be confirmed using the updated data. ‘The resulis of the
flood analysis presented that the updated 20 years floods for the Rau river were 288 m3/s
before and 326 m3/s after the confluence with the Njoro river which were slighily larger
than the previous ones meniioned above. In this study, the updated floods be applied
for design of flood protection dike against the Rau river.

On the other hand, the floods from the small streams are difficult for estimation
of flood discharge. An interview with village people showed that the maximum flood
water depth from the small streams were about 30 ¢m above the ground surface where
water stagnanl occusred.  From these flood marks, the left embankment of main canal
and secondary canal No.2 was proposed to be 1.0 m higher than the ground surface.
Also, an intercepting drain was proposed to be construcied along this dike. Ditnensions
of intercepting drain were so determined as to balance the earth volume with left canal
embankment volume.

(2) Check of Existing Flood Dikes

As stated above,  the flood protection dike of 15.4 km was afready constructed
on the right bank along the Njoro and Rau rivers.  In this study, aflood protection dike
is proposed to be constructed at the left riparian arca of the Rau river, to protect the
Mandaka Mnone area from floods by its river.  The location of proposed dikes was
provisionally determined considering the extent of existing paddy ficlds. And then, a
study was executed whether the proposed tocation of flood protection dike would lead to
severe influence to the existing dikes or not, through a non-uniform calculation using the
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survey results and roughness coefficient of 0.04 which had been employed for the design
of the existing dikes. The results are given in Figure K.5.1.  From this calculation
results, it was confirmed that the flood protection dike at the left riparian area of the Rau
river, would not bring about substantial additional work to the existing dikes if the flood
protection dike is constructed with the distance of more than 400 m from the existing one.

(3)  Scctionand Lcngth of Dike

The employed section of the dike is 2.5 m of crest width, inner side slope of I:
2.0 and outer side stope of 1:1.5, which are the same with the exisling one because the
exisling dike is functioning satisfactorily. The proposed length and height of the dike
are as follows:

Flood Protection Dike _ Lengih (m) o Height (m)
Left Flood Protection Dike 1.7 1.0
Right Flood Protection Dike g4 03-23

5.4 Drainage Sluice

A drainage sluice will be provided for the flood protection dike where drains
crosses the flood protection dike. A drainage sluice consists of closed conduit and
control gate, inlet and outlet wings, and transition. A control gate will be of flap gate
type the same as the Existing Lower Moshi Project since it is presently functioning. The
required number of drainage sluice would be two in total.



6. FARM ROAD WORKS
6.1 Design Criteria

The Existing Lower Moshi Project was provided with trunk road, main farm road,
secondary farm road, and tertiary farm road. Except trunk road, other farm roads
were constructed along canals.  This road system has not offered any technical problem
so far, so that the same design criteria was applied for the other areas.  In principle, the
farm roads to be provided are as follows:

- Main farm road . along main irrigation canal with 7 m wide and laterite
pavement

- Secondary farmroad : along main irrigation canal with 6 m wide and no
pavement

- Tertiary farmroad  : along main irrigation canal with 4 m wide and no
pavement

6.2 Farm Road Network

Bascd on the design criteria mentioned above and the feasibitity level canal layout
on the 145,000 topo-maps, a farm road network will be newly established for the
Expanded Arca and the New Exlension Area, and that for the Existing Lower Moshi
Project Arca will be rehabilitated.  ‘The newly established farm road network for the
Expanded Area and the New Extension Arca are as follows:

() Expanded Area
(2) Kaloleni arca

- Secondary farmroad : 0.3 km
- Tertiary farmroad @ 5.9 km
(b) Mandaka Mnono area
- Main farm road : L2 km
- Secondary farmroad : 8.1 km
- Tertiary famn road 12,1 km
{2) New Extension Area
- Main farm road : 100 km
- Secondary farmroad : 29.7 km
- Tertiary farmroad @ 70.2 km

6.3 Road Structures

To cross the irrigation and drainage canals, it is necessary to construct a culveits
and cross drains at crossing point with Tarm road, respectively.  These structures are
discussed in Sub-sections 3.8 and 4.6.



7. ON-FARM WORKS
7.1 General

. The on-farm works consist of construction of watercourses, field drains, field
roads and their related structures. - The land leveling -works for paddy ficlds and
construction of farm ridges are also included in the on-farm works,  The on-farm works
for the Existing Lower Moshi Project Area had been executed satisfactorily and any
problem has not been found so far, so that the same design criteria has been applicd for
the upland crop area in the Existing Lower Moshi Project Area, the Expanded Area and
the New Extension Area. However, the land leveling work is planned under the
specification of tolerance of + 10cm instead of + 7.5cm, because further leveling is
expected by farmers themselves through land puddling aclivities under farmers’
participation philosophy.

7.2 Farm Layout

One irrigation block is less than 50 ha, and is divided into a tot of farm plots,
whose size is 30 m x 100m. The ircigation block shall be designed in the following
criteria for easier waler management:

(a) Canal function of imrigation and drainage shali be completely separated.

(b} Existing canal and streams shall be incorporated into new sys'tem as much as
possible.

{¢) The area of one irrigation block shall not exceed SOha in net The maximum
length of tertiary canal will not exceed 2.0 km for easier water management,
except exceptional case.

{d) The watercourses and field drains will be provided branching off from the tertiary
canals and drains, respectively, at a standard interval of 200m.

(¢) The standard length of a watercourse will be 400m, but be allowed to be extended
up to 600m according to topographic conditions.

(fy Ficld road shall be provided at one side of watercourse for operation and
maintenance of canal and for carrying agriculturat inputs and outputs.

(g) All watercourses and drains in the irrigation block shall be of unlined earth type
with trapezoidal sections. Related structures such as division boxes, pipe
culverts, ete. shall be designed considering maximum use of locally available
construction materials. ‘

7.3 Irrigation Block Facilities

(1) Watcrcourse

The design discharge of watercourse was determined so that rotational ireigation
could be smoothly exccuted.  The design discharge thus determined are as follows:

Irrigation Block Arca Design Discharge
up 0 25 ha 60 Ifs
25 to 50ha 120 1fs
50 to 75ha 180 Vs



(2) Field Drain

The ficld drain was designed using the unit drainage water requirement of 5 Vs/ha
All field drains are unlined trapezoidal channel.

{3) Field road

The field road was provided at one side of watercourse. Road width and
minimum height of road embankment will be 4.0 m and 0.3 m, respectively.  No
pavement was provided.

(4)  Related structures

The structures related watercourse, ficld drain and ficld road are division box,
drop, farm access structures and drain inlet.

7.4 Land Leveling

The land leveling will be executed for not only the upland crop arca of the existing
Lower Moshi Project Area, but also the New Extension Area and the Expanded Area.
The executed area will therefore come to 3,600ha in total. The land leveling operation
consists of carihmoving and fine leveling.  The earthimoving is executed by cutting high
grounds and filing depression in each field plot, within which carthfilling and excavation
shall be generally balanced.  During earthmoving operation, filling materials for nearby
watercourse, field road and farm ridge will also be extracted. Subsequent to earthmoving,
the field surface will be scarified and planned by routing bulldozers or land planners so
that the finished surface of field is within the deviation of 10 cm above or below the
prescribed surface.  Further fine leveling work is planned to be executed by farmers
themselves through land preparation activities under farmers’ participation program.
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Table K.2.1  Field Water Requirement Measured by KADC

(Unitzmm)

Period ETc+ P IiTc P
1 Measurement in 1982
Scptember g-10 309 12.0 %9
H-20 101.0 64.9 36.1
21-30 1220 46.0 76.0
Average 11.0 53 5.7
October 1-10 137.7 69.6 68.1
i1-20 134.9 63.1 7.8
21 - 31 285.0 143.6 1414
Average 18.0 89 9.1
November 1-10 179.0 1360 430
11-20 2180 122.8 95.2
21-30 14023 83.8 56.5
Average 18.0 11.4 6.6
Avcerage for Total 16.3 39 74
2 Measurement in 1984
October I 8.4 1.5 659
7 N 24 53
14 6.9 37 32
21 9.6 4.5 5.1
28 ird 6.2 5.2
Avcrage 8.8 37 5.4
November 5 9.6 6.5 3.1
12 12.1 7.1 50
19 2.1 83 38
26 13.5 2.5 4.0
Average 11.8 138 4.0
December 2 10.0 8.1 19
9 0.2 3.6 1.6
6 10.5 89 1.6
Average 10.2 8.5 1.7
Average for Total 102 6.3 39
{100} (60%) (40%)

Note:

ETe: Crop Evapotranspiration (Consumplive use water)

P Percolation
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Tablc K.2.3

Cultivation Record of Paddy (1985 to 1997) {1/3)

Name of Area Nos.of | 1985 1986 1987 §988 1989
Block (Ha.) Plot Dry | Rainy] Dry | Rainy| Dry 1 1i [11] ] Ii llr
MABOGINI
MS 1-1 21.24 73+ + » * *
12 2021 &4 * * * + *
i3 2152 il + ' + * *
2-1 20 80 4f ¢ ' * * .
22 2131 g2l + s * * *
23 1.1 87| * ’ * * .
3-1 17.64 68 * ¢ * * +
32 26.65 87 v * . *
4-1 20.85 72 * * * * .
4-2 38 2 * + s *
5-1 3967 138 * * . ¢
52 27.59 92 > * ; + *
53 28.89 95 s * * + *
6-1 3201] U6 + * s *
62 21.29 76 * * * + *
6-3 11,50 44 ’ . * + .
7-1 3963 140 * * . * *
i-2 1982 133 * * * s .
MS Tolal 472.97f 1639 ot 119 am3l om| am]| 29| 134l _a73p ves| 23| a7
Yearly Total o4 592 393 556 61t
Rau
RS 1-1 15.18 50 * * * N
1-2 23.82 98 * * * *
1-3 2845 98 + * *
i-4 25 56 90 + * *
1-S 2235 76 * * + *
16 21.87 71 + * *
17 21.78 77 * * *
18 10,88 39 + * *
19 10.81 39 s * s
3-1 20.28 63 * + .
3-2 2381 82 * * +
33 28.63 97 * * *
1.4 2541 88 * * *
4. 18] 12 * * *
4-2 F354 45 . - . .
4-3 411t 137 * s * *
44 2930 102 . » *
4-5 2227 71 ' * »
46 18.80 63 ' * + *
4-7 22.06 71 - v .|
4-8 18,75 63 s . *
4A-1A .17 10 * * *
4A-1B 2117 70 * s *
$:2A 25.20 81 * W *
328 1205 39 > . * *
83 4l i . s >
24 3266] 106 ¢ ' .
RS Tolal 630.60] 2,143 0 0 ol 1421 339b s3] gl 2a8) 300 282 241
Yeardy Total i 0 o 491 719 81
" Total 1,103.57] 3743 93 592 884 1285 1434
Souce : KADFP
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Table K.2.3

Cultivation Record of Paddy (1985 to 1997) (2/3)

Name of Area Nos. of 1550 1991 1992 1953

Block {Ha.) Plot I 1 11 ] I 11 [ 1 1 11 I
MABOGINI '

MS -] 2.4 13 * * * *

-2 20.21 64 * * * *

i-3 2152 | ¢ * * *

24 20.80 74 * d * *

2-2 21131 52 * ¥ : +

2-3 2417 87 * * ¢ *

31 17.64 68 * ¥ *

12 2665 87| * * * M *

4-1 20.85 72 * ¥ h *

4-2 31.82 112 * * * *

54 33.67 1318 * * * *

5-2 271.59 92 * * * *

5-3 2889 9] * d * *

6-1 3207 111 * * * *

5-2 21.26 76 * * * *

6-3 11.80 “ ¥ * * *

7-1 39.63 140 M * * *

7-2 39.82 137 * * * *
MS Total 47297] 1639 229 233 173 4] 402 i 180 204 135 134 140
Yearly Total 635 473 334 409
Rau
RS 1-§ i5.18 56 * * * *

1-2 28.82 98 * * *

1-3 2845 93 * * * *

1-4 25.56 ) * * *

1-5 2215 76 * M .

-6 2187 71 * * * -

1-7 2518 11 * > * *

i-8 10.88 39 * * * * *

k-9 10.81 39 * * * * *

33 20.28 68 * * * *

3-2 2381 82 * M * * *

33 2863 97 ¥ ¥ * *

34 25.41 88 * * * * d

4-1 3478 122 * d * * *

42 13.54 45 * * * *

43 41.11 137 * * d * ]

4-4 29.80 102 ¥ * * d

1-5 2227 17 * * * *

46 1883 61 * * * >

4-7 2206 7 * * * *

4-8 1875 63 * * * *

4A-1A 21.17 70 * b * ¥

4A-18 21147 1 * v * * *

B-2A 520 31 * * * M

8-2B 12.05 ¥ * * . ) *

B-1 33.41 117 * * * *

&4 3266 106 * * ¢ * *

RSTotal | 630.60] 2,148] 32| 320 251 332 1 130 257 250 183 259 127

Yeasly Total 873 662 507 569
Total 1,10357] 3782 1,508 1135 §91 978

Sciurce : KADP
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Table K.2.3  Cultivation Record of Paddy (1985 to 1997) (¥/3)
Name of Arca Nos. of | 1994 1995 1996 97 |
Block (123 |Plot 1 | m i ] 1} 1 1t m o 1l m
MABOGINI
MS1-1 214 73 i * e
1-2 2021 & . * M
1-3 21.52 73 . h * '
2-1 2080 14 * * *
2-2 21.31 92 * *
2-3 2417 87 ¥ * *
3-1 17.64 63 * * * *
32 26.6% 87 * M
4-1 20.85 12 * .
4-2 31.82 12 : &
5-1 3967] 138 * +
§5-2 27.59 92 * *
5-3 28.8% 36 * *
6-1 32.07 116 * *
6-2 21.29 6 * *
6-3 {180 44 * *
7-1 39.63 140 * *
1-2 19.82 137 ¥
MS Tolal 47297 1.63% [} 173 100 80 109 o0 127 23 120 53 166
Yearly Total 213 2i% 340
Rau
RS I-1 15.18 50 * *
i-2 28.82 98 * * *
1-3 28.45 98 * *
1-4 25.56 90 * *
1-5 2235 16 * *
I-6 21.87 17 + *
1.7 21.78 77 * *
1-8 10.83 39 * « 1
1-9 10.81 39 * *
31 2028 68 * *
312 2381 32 * *
3-3 28.6) 97 * *
34 25.44 88 * M
3-1 34.78 122 * * *
4-2 13.54 45 M *
4-3 4111 137 * *
44 2980 102 * *
4-5 2221 72 * *
4-6 18.80 63 * *
47 no| 17 * . ]
4-3 18.75 63 $ *
1A-1A 2517 70 * ¥
4A-1B 2107 0 * . *
B-2A 2520 B} . * *
8-28 12.05 19 * *
81 KEX:H) AT * * ~ *
84 3266 106 *
RS Total 63060y 2,148 0 249 42§ L\ 164 36 116 202 i58 17 203
Yearly Total 3N 250 476
Total 1,10357) 3,787 617 529 _ 816

Source - KADP
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Table K.24  Field Water Requirement for Paddy by Automatic Instrument

ILocation : Plot No.202 of RS 4-1
{Unit:mmy/day)

Jun. FWR Jul. FWR Aug. FWR Sept. FWR Oct. FWR
1 1 69 i 11.5 1 *220 1
2 2 *29.0 2 20 2 14.5 2 *290
3 3 11.7 3 8.5 3 15.0 3 *20.0
4 4 40 4 *44.0 4 13.0 4 18.9
5 3 *38.9 5 19.0 5 12.5 S 14.0
6 4] *30.0 6 130 6 12.5 6 13.7
7 7 9.0 7 10.5 7 12.0 7 7.1
8 8 120 8 1.0 8 11.0 8 3155
K 9 9.5 9 95 9 16.6 9
10 10 6.0 10 0.5 Iy 17.0 10
11 it 16.0 H 10.5 i 19.0 11
12 12 17.5 12 13.5 12 13.5 12
13 13 6.5 13 115 13 16.0 i3
14 14 15 14 16.5 14 15.0 14
15 15 6.8 15 12,5 15 17.0 15
16 16 8.5 16 120 6 120 16
17 17 15.5 17 100 17 13.0 17
18 18 10.5 18 10.0 18 128 18
19 19 9.0 19 10.5 19 13.5 19
20 20 80 20 100 20 14.0 20
21 21 1.5 21 16.5 21 *38.0 21
22 22 *26.5 22 13.0 22 10.5 22
23 23 18.0 23 *220 23 17.0 23
24 24 13.0 24 14.0 24 12.5 24
25 11.0 25 11.0 25 150 25 130 25
26 80 26 360 26 18.0 26 13.0 26
27 80 27 15.5 27 *20.6 27 160 27
28 8.0 28 12.0 28 *40.0 28 *38.0 28
29 8.0 29 12.0 29 *39.5 29 29
30 10 30 17.5 30 *36.5 30 30
3l 31 k3| *23.0 31 31
Total 500 Total 2754 Total 2960 Total 3519 Toal 63.7
Average 3.3 Average 11.0 Average 123 Average 14.1 Average 159

*: cxcluded in analysis due to high value.
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Table K.2.6 Present Conditions of Prefect Facilitics: Mabogini Canal System (1/2)

Structure

Unit

Qty

A

Remarks

I. Maboginl Intake

1.1 Civil Works
Foundation
Weir body
Retaining wall
Scouring shuice
Upstream Protection
Downstream protection
Scitling basin
Pershall flume

1.2 Metal Works
Intake gate
Scouring sluice gate
Sand flush gate
Trashrack

1.3 Misceltancous
Seaff gauge
Water level recorder

Mandrail

Ik Irrigation Canal
2.1 Main Canal
(a) Canal
Lining condition
Bank condition
Canal leakage
Sedimentation
(b} Structuse
Turaout
Check/diop
Drop
Culvert/agueduct
Spillway
Siphon
2.2 Secondary Canat
(a) Canal
Lining condition
Bank condition
Canal leakage
Sedimentation
(b) Structure
TFuraout
Checkfdrop
Drop
Culvert
Spillway
Siphon
2.3 Tertiary Canal
fa) Canal
Lining condition
Bank condition
Canal leakage
Sedimentztion
(&) Structure
Culvert
Diviston box

Set
Set
Set
Set

Set

Nos.

Km

Nos,

Km

Nos.

L

43

L - = R e R

6.5

17
10

QO

218

130
132

=] Qe Lo Qo Qe

[== I

(=]

[ === R = B A =

Q

Q0 C

spindie is damaged

3 nos. ar¢ exposed

about 30 % ace damaged

instrurnent is missed

about 45m is damaged

* ong no. is exposed

about 200m is damaged

10 nos. of spindles are missed
3 nos. of spindles are missed

Conditions: A: Good, B: To be repaired, € To be replaced

Kl-8
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Table K.2.6 Present Conditions of Project Facilities: Mabogini Canal System (2/2)

Structure Unit Q'iy _ Conditions Remarks
A B C -
L Drainage Canal
3.1 Main Drain
(a) Canal Km 12.2
Bank condition 0 reshaping is needed
inside condilion 0 eshaping is peeded
(b) Structure Nos.
Culvert{circular) 2 0 2 nos. are exposed
Culvent{reciangular) 7 0 2 nos. are exposed
3.2 Sccondary Deain
{a) Canal Km 14.7
Bank condition o reshapiog is needed
Inside coadition o reshaping is needed
(b) Steucture Nos.
Culvert{circular) 7 1) 2 nos. are exposed
Culvent{rectangular) 7 0 4 nos. are exposed
3.3 Tertiary Drain
{a)y Canal Km 17.1
Bank condition o reshaping is needed
Inside condition ] ceshaping is needed
{b) Structure Nos.
Culvert{citcular) 1o Q about 40 % are broken
. Cuber(rectanguteny 0 . O S
IV, Farm Read
4.1 Trunk Road Km 16.1
Road surface condition o Repairig is necessary
Metalling condition o Repairig is necessary
4.2 Main Road Km 74
Road surface condition ) Repalrig is necessary
4.3 Secondary Road Km 162
Road surface condition 0 Repaing is necessary
4.4 Tegtiary Road Km 06
Road surfacecondition _ o O Repairigismecessary
V. On ¥Farm Works
5.1 Water Course Km 322 o Reshaping is necessary
5.2 Field Draia Km 286 ] Reshapng is necessary
5.3 Ficld Road Km 36.2 0 Repairig is necessary

Conditions: A; Good, B; To be repaired, C; To be replaced
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Table K.2.7 Present Conditions of Project Facilities: Rau Canal System (1/2)

Structure Unit Qty Conditions Remarks
A B C

1. Rau Ya Katl Intake
1.1 Civil Woiks
Fosndation
Weir body
Retaining wall -
Scouring shuice -
Upstream Protection -
Downstream protection -
Settling basin -
Pershall flume -
1.2 Mctal Works
latake gate Set
Scouring stuice gate Set
Wasteway gate Sct
Flap gate Set
1.3 Miscellaneous
Staff pauge - )
Water level recorder - O instrumentis missed
___Handail - o

SO0 0200C0Q

=]

] spindic is damaged

o
o

il. Irrigation Canal
2.1 Main Cana}
{a) Canal Km 53
Lining condition
Bank condition
Canal leakage
Sedimentation
(b) Structure Nos,
Turnout
Checkfdrop
Drop
Culvert/aqueduct
Spiltway
Siphon
2.2 Secondary Canal
{a) Canal Km 181
Lining condition
Bank condition
Canal leakage
Sedimentation
{b) Structure Nos.
Turnout 35 ] 15 00s. of spindles are missed
Check/drop 27 Q 10 nos. of spindles are missed
Drop 2 o
Culvert 28 o 16 nas, are exposed
Spillway 0
Siphon 2 1)
2.3 Tertrary Canal
{a) Canal Km I8
Lining condition
Bank condition
Canal leakage
Sedimentation
(b} Structuce MNos.
Culvert 165 o about 10 % are damaged
Division bax 157 ] about 30 % are damaged

* * about 60m is darnaged

= I = B = T

whotn
(==}

onc no. Is exposed

@ = G0 00
o

* about 200 im is damaged

[ = I~ <}

oo oQ

{ to be continued)
Conditions: A; Good, 8; To be repaired, C; To be replaced
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Tadle K.2.7 #resent Conditions of Project Facilities: Rau Canal System (2/2)

Stnicture Unit Qy Conditions Remarks
A B C
I1L. Drainage Canatl
3.1 Main Drain
{a) Canal Km 44
Bank condition ] Reshaping is needed
Inside coadition 0 Reshaping is nceded
(b) Structure Nos.
Cuivert(circular) Q
Culvert{rectangular) 0
3.2 Secondary Drain
{a) Canal Km 17.3
Bank condition o Reshaping is needed

{nside condition o Reshaping is nceded
(b) Structure Nos.
Culvertfcircubat) 15 0 9 nos. are exposcd
Culvert{rectangular} 28 0 1! nos. are exposed
3.3 Tertiary Drain
{2) Canal Km 238
Bank condition 0 Reshaping is needed
Inside condition o Reshaping is necded
(b} Structure Nos.
Culvert{ciccular) 161 ¢ about 40 % are damaged
_ Culem(ecmngulay ot 0
tV.Farm Road
4.1 Main Road Km 10.3
Road surface condition O Repairing is necessary
4.2 Secondary Road Km 225
Road surface condition o Repairing is aecessary
4.3 Textiary Road Km 35
__ Roadsudacecondition _® _ Repairing s necessary .
Y. On Farm Works
5.1 Water Course Km 387 0 Repairing is necessary
5.2 Field Drain Km 158 ) Repairing is necessary
5.1 Field Road Km 41.6 0 Repairing is necessary
VL. Flood Dike Km 1.4
Condition of dike )

Conditions: A; Good, B: To be repaired, C; To be replaced
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Table K.2.9 Measurement of Canal Scepage Loss for Secondary Canal (1/2)

(1) General information
Measurement date  : May 30, 1997 Design water depth  : 0.274 m - 0.603

Canal length :5,266.68 m Side slope 1 1:000-1.25
Design discharge  : 782 litfsec, Bottom width :03m-t0m
Canal gradient : 17450 - 111800 Lining : Conerete block tining

{2) Measurement on Decrease in Water Level

Length 14 m
Time Reading of dial Decrease in
(mm} gauge (mm) water level (mm)
0 13.76
10 10.50 326
20 838 1.62
30 6.71 217
40 494 1.717
50 336 (24.15) 1.58
60 2235 1.80
70 20.40 195
30 1875 1.65
90 16.80 195
160 15.05 1.75
110 13.35 1.70
120 It.18 2.17
=~ 350
g 300
? as0l
g 200 |
3 150}
S 00}
@
g 0507%
g O.OOC;—W S R
S 8 8 2 8 8 28 8 8 8 2 8§

Time (min.)
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Table K.2.9 Measurement of Canal Seepage Loss for Secondary Canal (2/2)

(3) Water Surface Width and Water Depth just after Finish of Measurement

Section Width of Water Weitted Arca of Wetied

Watar Surface Depth ' Perimeter Perimeter

No.0 (00.0m) 075 m 0.110 m 0.752 m
No.1 (30.0m}) 078 m 0.160 m 0912 m 2496 m2
No.2 (60.0m) 0.90 m 0.185 m 0.992 m 28.56 m2
No.3 (90.0m) 092 m 0.220 m LM m 3t44d m2
No.4 (120.0m) 101 m 0240 m 1.168 m 3408 m2
No.5 (150.0m) 1.12 m 0290 m 1328 m 37.44 m2
No.6 (180.0:m) 1.20 m 0290 m 1328 m 39.84 m2
No.7 (210.0m) 121 m 0320 m 1.424 m 41.28 m2
No.8 (240.0m) 13l m 0.350 m 1.520 m 44.16 m2
No.9 (270.0m) .35 m 0.400 m 1.680 m 48.00 m2
No.10 (300.0m) 1.43 m 0430 m 1.776 m 4095 m2
No.1t (330.0m) 149 m 0450 m 1840 m 42.85 m2
No.12 (360.0m) 1.62 m 0.470 m 1904 m 4437 m2
No.13 (390.6m) 167 m 0.490 m 1.968 m 4538 m2
No. 14 (420.0m) 179 m 0520 m 2064 m 47,78 m2
No.15(450.0m) 197 m 0.590 m 2288 m 51.57 m2
No.16 {(474.0m) 222 m 0720 m 2704 m 59.90 m2

Average width of water surface : 131 m
Total area of wetted perimeter : 718 m2

(4) Calculation of Canal Secpage Rate
Decreasing rate in water level {Dr) approaches to a constant value of 170 mm/10 mia.,
that is 0.0028 mm/sec. Canal seepage rate (Cs) is as foliows:
Cs = 00028 x 474 x 1.31 x (1,000/717.18) = 2.4 lit fsec/1,000m2

(5) Calculation of Total Caral Se¢page Loss at Design Discharge
Total wetted perimeter area = 10,947.6 m2
Total canal seepage loss = 10,947.6 1 2.4/1 000 = 26.3 lit/sec.
Conveyance efficiency = (782-263) 7182 x 100 =97 %
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Table K.2,10 Measurement of Canal Seepage L.oss for Tertiary Canal (1/2)

(1) General information

Measorement date  : May 26, 1997 Design water depth  : 0.26 m

Canal length (82T m Side slope 11100
Design discharge  : 46 1it/fs. Bottom width :04m
Canal gradient : 1850 Lining : Concrete block lining

(2} Measurement on Dectease in Water Level

Length :913m
Time Reading of dial Decrease in
{mm) gauge (mm) water level (mm)

0 24.72

10 2287 1.85

20 2241 0.46

30 21716 0.65

40 2042 1.34

50 18.40 202

60 17.92 048

70 16.75 1.47

80 15.55 1.20

a0 14.30 1.25

100 13.13 1.17

110 11.93 1.15

120 10.97 1.01

2.50

E 2.00 |
< L
§ 50
W 100 ¢
2
&3
Z 050 |
5
g OOO N RV TR SENN NUUUN S N SN U RPN WPRIPIIR SRR |
ﬁ < < (=] < < < o o o < o o<
b« — o3 o = wy o o~ oG Lo 2 : ("_‘l
a

Time {min.)
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Table K.2,18 Measurement of Canal Seepage Loss for Tertiary Canal (2/2)

(3) Water Surface Width and Water Depth just after Finish of Measurement

Section Width of Water Welted
Water Surface Depth Perimeter
No.0 (00.0m) 074 m 0.305 m 1.346 m
No.1 (20.0m) 075 m 0.270 m 1247 m
N0.2 {40.0m) 0.4 m 0.380 m 1.558 m
No.3 (60.0m) 093 m 0.400 m 1.615m
No.4 {80.0m) 096 m 0.405 m 1.62% m
No.5(91.3m) 0.99 m 0460 m 1.785 m
Average width of water surface : 084 m
Total area of wetted perimeter : 137.46 m2

(4) Calculation of Canal Seepage Rate
Decreasing rate in water level (Dr) approaches to a constant value of .1 mm/10 m.,
that is 0.002 mm/s. Canal seepage rate (Cs) is as follows:
Cs = 0.002 x 91.3 x 0.84 x (1,000/137.46) = 1.121it./s/1,000m?2

(5) Calculation of Total Canal Seepage Loss at Design Discharge
Total welted perimeter area ={(0.55+ 008 x 2+ 0.18x 1.414x 2 ) x 827 = 1,008 m2
Total canal seepage loss = 1,008 x 1.12/1,000 = 1.1 lit/sec.
Conveyance efficiency = {(46-1.1/ 46 x 100 =98 %

KT -16
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Table K.2.11 Measurement of Canal Seepage Loss for Watercourse (1) (1/2)

(1) General information

Mecasurement date  : May 28, 1997 Design water depth 1 0.22m

Canal length 4ilim Side slope : L0
Design discharge  : 46 lit./fsec. Botlom width :03m
Canal gradient 1 1/440 Lining : Unlined

{2) Mecasurement on Decrease in Water Level

Length :8lm

Time Reading of dial Decrease in

{mm) gauge {mm} water leve! (mm)
0 14.93
HU 2.18 (16.28) 1275
20 2.10(25.18) 14.18
30 12.10 13.08
40 2.60 (29.28) 5.50
s6 18.80 10.48
60 8.80 (31.45) 10.00
70 21.61 9.34
80 13.30 7.81
30 4.68 (29.65) 9.12
100 21.44 8.21
10 13.60 7.84
120 792 5.68

)
£ 16.00
':*2 14.00
3 1207
;—»‘; 10.00
= .00 |
¢ 600 ¢
34
g2 400 |
|33
2 200
000 | S 3 1 b 1 _L ). 1 1 1 -
S 8 28 98 8 R 838 8 2 8§
Time (min.)
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TableK.2.11 Measurement of Canal Seepage Loss for Watercourse (1) (2/2}

(3) Water Surface Widih and Water Depth just alter Finish of Measutement

Secction Width of Water Wetted Area of Welted
Waler Surface Depth Perimeter Perimeter
No.0 (00.0m) 000m 0.000 m 0.000m 0.00 m2
NoO+50m 0.50 m 0015 m 0534 m 1.34 m2
No.1 {15.0m) 090 m 004l m 0.992 m 7.63 m2
No.2 (36.0m) 1.65m 8.210m 2.112m 3259 m2
Average width of water surface : 097 m
Totat arca of wetled perimeter 1 41.56 m2

(4) Calculation of Canal Seepage Rate
Dereasing rate in water level {Dr) approaches to a constant value of 5.6 mm/10 min.,
that is 0.009 mmv/sec. Canal seepage rate (Cs) is as follows:
Cs = 0.00%9 x 36.0 x 0.97 x (1,000/41.56) = 7.6 I/s/1,000m2

(5) Calculation of Total Canal Secpage Loss at Design Discharge
Total wetled perimeter arca = (IO + Q12 xL.118 x 2) x 411.5 = 563 m2
Total canal scepage loss = 563 x 7.6/1,000 = 4.3 ¥s
Conveyance efficiency = (46 - 4.3/ 46 x 100 =90 %
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Table K.2.12 Measurement of Canal Seepage Loss for Watercourse (2) (1/2)

(1) General information

Measurement date  : December 2, 1997 Design water depth 1 0.22m

Canal length 411l m Side slope : 1110
Design discharge  : 46 lit/scc. Bottom width :03m
Canal gradicnt : 1440 Lining : Unlined

(2) Measurcmicnt en Decrease in Waler Level

Length 5Tm
Time Reading of dial Decrease in
(mm} gauge {inm) water level (mm)
0 18.73
10 2.20 (26.00) 16.53
20 15.66 10.34
30 4.58 (26.98) 11.08
40 20.50 648
50 11.52 8§98
60 3.75 (27.48) 1717
70 24.51 4.98
80 20.57 4.00
90 17.82 275
100 1523 2.59

18.00
16.00
14,00
12.00
10.00 |
3.00
6.00 -
4.00 ¢
200 ¢
0.00

Decrease in Water Level (mm)

70

80

90 r
100

_1 L [
o < (=g
= =t R 2

10
20 -

Time (min.)
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Table K.2.12 Measurement of Canal Seepage Loss for Watercourse(2) (2/2)

(3) Water Surface Width and Water Depth just aftcr Finish of Measuremcat

Section Width of Water Welted Area of Wetted
Water Surface Depth Perimeter Perimeler
No.0 (00.0m) 0.82m 0.0fm 1.0dm
No.1 (26.0m) 0.82m 0.03Im 0.8 m 19.00 m2
No.2 (40.0m) 083m 0.02m 0.37m §17.60m2
No.3 (57.0my) 0.57Tm 0.04m 0.76 m 13.77 m2
Avecrage width of water surface :080m
Total area of wetted perimeler 15037 m2

(4) Calculation of Canal Seepage Rate
Dereasing rate in water level (Dr) approaches to a constant value of 2.6 mm/10 min.,
that is 0.004 mm/scc. Canal seepage rate {Cs) is as follows:
Cs = 0.004 x 57.0 x 0.80 x (1,000/50.37) = 3.62 V/sf1,000m?2

(5) Calculation of Total Canal Secpage Loss at Design Discharge
Total wetted perimeter area = (1.10 + 6,12 xL.1I8x 2) x 411.5=563 m2
Total canal secpage loss = 563 x 3.6/1,000 = 2.0 Vs
Conveyance efficicncy = (46 - 2.0)/ 46 x 100=96 %
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Table K.3,1 Estimate on Consumptive Use of Paddy

(1) Potential Evapotranspiration (ETo)

(a) Climatic data .
Station: TPC Langasani {Altitude:701m)

Description Unit Jan. Feb. Mar. Apr. May Jun. Jul. Aupg. Sept. Ocl. Nov. Deg.
Temperature oC :
Maximum 325 331 329 304 283 270 267 278 293 31.2 317 318
- Minimum {9.5 195 200 20.1 188 165 157 159 167 182 193 194
Rel. humidity {mean)* % 64 62 66 13 75 [l 71 68 66 64 65 65
Wind speed kovday 135 126 114 90 74 69 I 32 96 109 125 139
Sunshinc hours hes. 85 86 79 68 57 53 54 60 76 81 81 8l
(b} Potential Evapotranspiration by Modificd Penman Methed .

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

Potential ETo mnvday 5.9 60 56 46 38 34 35 40 49 55 356 56

% gstimated using data measured as 9:00 am and 3:00 pm.

(2) Crop Cocfficient of Paddy (Kc)
{a) Rainy season paddy

Description Feb. Mar. Apr. May fun. Jul.

ist half 1.06 110 14 L1392 125 127 126 119

2nd half 106 LIg t14 119 125 127 1.26 119

3:d half .66 110 114 t.19 125 127 L26 119

4th half 106 110 L4 119 125 127 126 119

Average 1.06 113 110 132 117 121 124 124 124 123 119
{b) Dry season paddy

Description Aug. Sept. - Oct. Nov. Dee. Jan,

1st hall 106 L1014 119 125 1.27 126 L.19

2nd half (06 L0 L4 119 125 1.27 t26 L9

3rd half 106 110 14 119 125 127 126 L1%

4th half t06 LI L4 119 135 127 126 119

Average 106 113 L10 112 L7 120 124 124 124 123 119

(3) Listimate on Crop Evapotranspiration {Consumpltive use water ) of Paddy

{a) Rainy season paddy

Description Feb. Mar. Apr. May Jun. Jul.
Potentiat ETo (mmday) 60 60 56 56 46 46 38 38 34 34 35
Kc 1.06 L13 110 142 17 121 1249 124 124 123 119
ETec (mm/day) 64 68 62 63 54 56 47 47 42 42 4.2
£ Te (mnm/month) 185 194 165 146 126 130
{b} Dry season paddy
Description Aug. Scpt. Oct, Nov. Dec. Jan.
Potential ETo (mnvday) 4.0 40 49 49 355 55 56 56 56 56 59
Ke’ 106 LI3 10 112 137 20 124 124 124 123 L19
ETc (mm/day) 4.2 45 S4 S5 64 67 70 70 69 69 10
ETe (mm/month) 135 164 203 210 214 217
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Table K.3.2 Calculated Percolation Rates for Each Area

1.Rainy Scason Paddy {Unitzmm/day)
ArcalYear Feb Mar Apr May Jun Average
(1) Estimated ETo 6.6 63 535 4.7 42
ETotP P ETotP P EToiP P ETotP P ETotP P P
(2} Upper Mabogini
1987 11.0 44 14.6 83 118 6.3 6.3
[988 14.6 80 145 82 125 7.0 142 9.5 14.8 106 8.7
1989 19.3 127 151 83 117 6.2 2.6 49 59 17 6.9
Average 15.0 84 147 84 120 65 119 7.2 104 6.2 7.3
(3) Lower Mabogini
1987 19.4 128 249 18.6 347 292 e 27.2 220
1988 220 154 213 150 193 138 179 132 1.7 1.5 13.0
1983 211 148 195 40 215 168 214 17.2 126
1990 . 152 239 176 2447 19.2 17.3
Average 21.1 145 228 165 M6 190 238 191 166 124 16.3
(4) Rau YaXKat
1937 11.0 44 9.1 28 9.2 37 13 26 34
1938 203 137 219 156 207 15.2 14.5 98 174 132 13.5
1989 183 1L.7 124 6.1 11.9 64 1.9 1.2 14.1 99 83
1990 19 56 120 65 126 1.9 144 10.2 6.0
Average 16.5 9.9 1138 7.5 135 840 116 69 153 {i1 87
{5) Chekerent
1987
1988 245 179 133 170 217 162 265 218 278 236 9.3
1989 187 121 86 123 176 12.1 188 141 12.7
1990
Average 216 150 210 147 197 142 227 180 278 236 17.1
(6) Oria
1987
1988
1989 180 114 120 5.7 147 92 145 P 119
1990 156 (09 139 9.7 135
Average 180 114 3120 87 147 22 151 104 13.9 9.7 127
(7) Average 116 112 11.8 12.¢ iLs
2.Dry Scason Paddy {Unit:mm/day)
ArcalYear Aug Sep Oct Nov Dec Average
(I) Estimaied ETo 44 53 6.6 7 7
ETotP P ETo+P P ETo+tP P ETotP P ETo+P P P
(2) Upper Mabaogini
1987 282 168 135 80 134 68 134 6.4 9.5
1988 19.8 154 IBR 133 253 i8.7 15.8
1982 59 115 195 o 219 153 207 13.7 136
Average 19.0 146 173 118 202 136 17.1 10.1 125
(3) Lower Mabogini
1987 257 213 276 221 230 164 17.2 10.2 17.5
1988 295 25.1 2 224 216 240 245
1989 257 213 323 168 218 212 207 13.7 208
1990
Average 210 226 309 254 261 195 190 120 19.9
(4) Rau YaKan
1987 6.1 1.7 7.3 1.8 189 12.3 3238 258 104
1988 138 94 18.1 126 189 12.3 114
1989 12.6 82 151 96 163 9.7 114 4.4 8.0
1990 143 99 124 69 13.5 6.9 13.2 6.2 13.4 64 7.3
Average H N 3 12 7.7 169 103 1%1 12.3 134 6.4 83
(5) Chekereni
1987 144 100 126 7.1 17.5 109 194 124 10.1
1988 186 145 195 140 160 94 165 9.5 R
1989 130 75 127 6.1 12.2 52 13.1 6.1 50
1990
Average 16,7 123 1590 95 154 88 160 2.0 13.1 6.1 9.1
(6) Oria
1987 20.1 15.7 20.7 15.2 19.7 i3.1 308 2318 17.0
1988 16.8 124 240 185 118 5.2 12.0
1989 129 85 155 100 1496 BO 138 6.8 83
1990 14.0 96 134 79 128 6.2 132 62 14.1 7.1 7.4
Average 160 L6 1B4 129 w47 8.1 193 123 141 7.1 104
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Table K.3.3 Unit Irrigation Water Requireinent of Paddy

(1) Area to be Irrigated from Njoro and Rau Rivers

P:
ERSO ;

NWD:

Ci
NW
PW
NR
GR

Percolation

observed at the Chekereni Station.
Net water deticit (FWR - ERB0)

: Crop index

: Nursery water

: Puddling water

: Net requirenent

: Gross requirement using overall inrigation efficiency of 0.72 for area to be irigated (rom Njoro and

Rau rivers and 0.69 for arca to be imigated from Kikuletwn river,

Ki-24

Effective rainfall with 80% dependability estimated using data for 15 years from 1982 1o 1996

Rainy Season Paddy :
Description Jan, Feb. Mar. Apr. May Jun.  Jul. Aug.  Sep. Oct. Nov. Dec,
Cultivation ST Rainy Season Paddv
(1) ETc (mm/m) 185 194 165 146 126 130
(2} P (mnvm) 224 248 240 248 240 248
(3) ERSQ (mm/ny) 1 ] 11 56 3 0 0
(4} NWD (mm) -1 409 431 349 361 366 378
5 CI 114 3/4 1 1516 H2 116
(6) KW (mm) 7 [ il
(1) PW(mm) 18 108 94
(8) NR (mm/m) 17 210 417 349 338 183 24
¥ GR (mm/m) 24 292 58G 485 470 254 33
(10) GR (i/sha) 0.1 12 22 19 18 10 0l
Dry Season Paddy
Description Jan, Feb, Mar, Apr. May  Jun Jul.  Aug. Sep. Oct. Nov. Dec.
Cultivation Drv_Season Paddv
() Efc@mmim) =217 =TI 164 203 210 2
2) P{mm/m) 248 248 240 248 240 248
{3} ERS80 (mrvm) i 0 0 0 0 2 20
) NWD(mm) 464 0 383 404 451 448 442
3) C 1Hé 12 4 1 1516 112
{6} NW (mm) 7 18 I
(7y PW(mm) 18 108 24
(8) NR {mm/m} 29 18 300 397 451 420 221
% GR{mm/m) 40 25 416 551 626 583 Kit7)
{10) GR (I/s/ha) 02 .1 1.6 21 23 22 12
(2} Area to be Irrigated from Kikuletwa River
Rainy Season Paddy
Description Jan. Feb. Mar. Apr. May Jun Jul,  Aug.  Sep. Oct. Nov. Dec.
Cultivation - ___Rainv Season Paddy -
{1} ETe¢ (mm/m) 185 194 165 146 126 130
(2) P{mm/m) 224 248 240 248 240 248
(3} ERS8O(mm/m) i ¢ 11 56 33 0 0
4) NWD (mm) 49 431 349 361 366 378
(5 144 344 t 1516 12 116
{(6) NW (mm) 7 18 1l
@ PW (mm) 18 108 94
(8) NR (mm/m) 18 228 428 349 333 183 24
® GR (mm/m) % 331 621 506 490 265 34
(10) GR (V/s/ha) 0.1 1.4 2.3 20 1.8 1.0 Q.1
Dry Season Paddy :
Description Jan. Feb. Mar. Apr. May Jun Jul.  Aug.  Sep. Oct. Nov. Dec.
Cultivation . . Drv Season Paddv
(1) ETc(mmym) 217 TS5 164 903 00 74
2) P(mm/m) 248 248 240 248 240 248
(3) ERZ0 (mm/m) i ] 0 0 0 2 20
{4y NWD (nm) 464 0 383 404 451 448 442
5 116 i/4 314 1 15/16 172
6) NW {(mm) 7 18 11
(7) PW{mm) 18 108 94
(8) NR (mm/m) 29 I8 222 408 451 420 221
(9 GR (mm/in) 42 26 2 591 654 609 320
(10) GR (¥/s/ha) 0.2 0.1 1.2 23 24 23 12
Note Etc : Crop Evapotranspiration {Consumptive use water)



Table K.3.4  Unit Irrigation Water Requirement of Upland Crop

(1} Crop Cocfticient of Alfalfa (Kc)

Descripion Oct.  Nov.  Dec. . Feb.
15t half G40 050 070 089 1.10 i.15 308 088 0.60
2ndhall 040 050 070 089 110 LIS _ 108 088 060
Average 040 D45 060 080 1.00 £13 112 098 074 0.60
{2) Bstimate on Crop Evapotranspiration of Alfalfa

. Description  Oat.  Nov. Dec. ~ dam. Febo
ETo (mnvday) 85 5.5 5.6 56 5.6 5.6 59 59 6.0 6.0

Kc 040 045 0060 030 1.00 1.13 112 098 074 060

ETc (mm/day) 22 2.5 34 4.5 5.6 63 6.6 5.8 4.4 3.6

{3) Estimate on frrigation Requiremet of Alfalfa

Area to be Irrigated from Njoro and Rau River

Description ~ Oct. Now, Dec. Jan. ~ Feb.
BT (mmvmy 7218 18 192 13

ER80 (mm/m) 0 2 21 7 0

NWD (mm/m) 72 16 164 185 13

Ct 1/8 18 I ; 12

Pl {rmm) 30 0

NR{mm/m) 39 131 164 185 56

GR {mm/m) 74 247 369 349 106

GR (f/sma) 0.3 1.0 1.2 1.3 04

Area to be Irrigated from Kikuletwa River

Description - Oct. Nov. Dec. Jan. ~ Feb i
ETc{mm/m) 72 U8 185 192 13

ERB0 (mun/m} 0 2 21 7 0

NWD {(mm/m} 12 116 164 185 113

i /8 "8 1 1 1#2

PI {mm) 30 30

NR(mm/m) 39 131 164 I85 56

GR {mmyvim} 17 287 321 363 110

GR (//sfha) 0.3 1.0 1.2 1.4 05

Note

ETc : Crop Evapolranspiration (Consumpiive use water )
ERS0 : Effcctive rainfall with 80% dependability estimated using data for 15 years from
. 1982101996
NWD : Net water deficit (ETc - ERE0)
CI : Crop index
Pi : Preirrigation requirement
NR : Net requisement
GR : Gross requirement using overall irrigation efficiency of0.53 {or are to be irrigated
from Njoro and Rau rivers , and 0.51 for area to be irrigated from Kikulelwa river.
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TableK.3.5 Effective Rainfall of Upland Crop

{1y Monthly rainfall

Focatis: Chekerent (Unit:tnm)
Year Jao Feb Mar  Apr May Jun  Jut Aug  Sept Oct. Nov Dec  Total
B e L LR L R YA ETE Y
1982 128 84 4.1 748 2673 567 359 78 238 1376 193 439 7924
1983 114 2727 124 1300 1160 167 48 0.0 1.7 43 27 896 4171}
1984 11.0 58 148 2285 455 298 494 40 40 35 546 570 5099
1685 430 1389 860 580 1005 60 120 10 035 201 460 555 5615
1986 865 585 110 982 1598 1.2 00 78 00 115 78 1542 5965
1987 480 66 3577 721 7190 107 331 406 s 10 4838 0.0 4011
1988 18.7 00 1658 2001 410 20 34 230 181 00 196 537 5455
1980 674 222 530 2366 351 2.1 00 55 156 235 87 812 6569
1990 365 345 2683 4563 199 1.9 0.0 00 JO 306 409 404 9323
1991 1483 00 345 919 1384 6 121 184 121 00 224 890 5687
1992 00 00 340 2355 959 1.0 19 0.0 0.0 1.4 00 434 4189
1993 905 1005 568 364 1171 00 00 0% 00 111 356 424 4904
1594 0.0 00 49 1147 1433 146 00 0.0 4.4 00 319 1115 5253
1995 7.5 468 209 1666 1346 00 0o 358 00 220 175 382 4900
1996 280 1162 936 1190 00 1124 0.0 0.0 6.0 4.5 0.0 0.0 42137
Average 406 3727 679 16L.2 996 175 102 9.6 58 207 2946 603 5591
{2) Crop Evapetranspiration (Consumptive Use Water ) of Crops
Crop : Allalfa
Ot Nov Dec Jan Feb
ETo {(mm/day} 3% 55 56 56 56 56 59 59 60 60
Kc 040 045 060 080 100 113 LI12 098 074 060
ETc¢ (mm/day) 22 2475 336 448 5.6 6328 6608 5782 444 36
Ave. (mmvmonth)} 12 118 185 192 13
(3) Effective Rainfall for Upland Crops
ER = 0.2 x R**0.95 x ETc**0.31
Where, ER  : Average Monthly effective rainfall in mm
R : Monthly rainfall in mm
ETc : Monthly crop water requirement in mm
Year Jan  Feb Mar Apr May Jun  Jul  Aug Sept Oct. Nov Dec Total
% - T T T s T 350 136 T 483 15
1982 1.5 65 - - - - - - - 810 824 367 2181
1983 103 203 - - - - - - - 30 23 7122 108.1
1984 100 46 - - - - - - - 318 392 470 1046
1985 64 MO - - - - - - - 1306 333 458 2225
1986 706 413 - - - - - - - 1.3 6.2 1209 246.7
1987 404 5 - - - - - - - 08 353 00 816
1988 165 00 - - - - - - - 00 148 444 157
1959 357 165 - - - - - - 5.1 69 704 1645
1590 il 250 - - - - - - - 194 298 339 1393
1991 1179 00 - - - - - - - 00 168 717 2064
1992 00 00 - - - - - - - 1.0 00 363 313
1993 737 6940 - - - - - - - 74 261 355 2119
1994 00 o0 - - - - - - - 00 235 889 1124
1995 69 334 - - - - - - - 142 133 321 1000
1996 242 793 - - - - - - - 3.1 0.0 00 1067
e e e R T 1
1/5 6.6 02 - - - - - - - 6.0 21 205 94

KT-126



T 90T Lt §58 'ty 6'€E £01 Ste 9¢'| STCIAY

0'6 912 90¢ L8t v SOt 601 LLT $El 00E =59

001 L1e Lig €19 2'8E 62 6 57T 261 $9 - Of

801 ¥Rl T6T 018 o'6r $'6E 96 £9'T 9¢'1 o - 81 praty doryy purpdpy
_gxl 902 s L39, £1LE 79z M 4 WA <8 RO urdoqeia eddn QL

091 +'91 £Ze L'8s v I'vE £L 02T vel aeiony

961 091 96¢ 9'ss $'pr 09 cg 127 £l §01-59

gLl oL 2bE T 6'9¢ 96T £ £1'Z ge'l 59 - S¢

el 091 062 ¥'69 o' LT 39 91e ¥l 5e =61 platg doa puerdn

§EJ 9] 662 _9°G8 6% ¥4 99 QLT U190 S ) et | M RN 6

g€t 91 962 o $or $'68 09 187 9¢'( S3CIOAY

A gol 89T 518 o8t Ly 69 9T SE'1 $6-0L

611 vLl €62 6'5s I'tt 1'8¢ 09 e 3| 0L - 5%

981 9l §'vE £19 83 ['E€ LS 61z SE°I s¢-sl pratd doup puridn

£04 WAl 9ULT N £08 s Y GLT Y 2> S 2 R einyey_ o8,

o€l £l I'EE €9 1'9¢ €67 29 12T ¥l sdesony

€Tl 602 TEL 2L rArss 02 T8 1894 £rl DL- 08

At 0z LT 0o 09¢ 0'62 oL Lz 681 05-0¢

el 162 A $'$9 9PE $'82 79 122 ot 0¢ - 31 p1atg doay puerdn

£9] 25l Iz 85, iy 9°6¢ 65 £67 _9¢l 810 QeI Y,

Al $'6l Llg 009 oor SIE ¢'e b3 91 ofeioay

6 S8l 8LT LY rAy §'6¢ Lol 8z 9¢'1 06 - 08

gyl <8l £ I'ZL 6L 161 '8 L0 T ps - 07 protg Apped

A 71T 658 I£s 697 R0y I 6T 751 -0 warNayy 9,

11 YA 9oL LS EY 8tE 8'R W'T or'l Furaay

Uit oLz '8¢ o'ss €6v 98 L8 L' 151 00l - 09

T8 €52 §'¢s L'0s 0L Loy 98 e 8€°1 09 - 0

LAl v'sZ T8¢ OEL 06y L8t €8 £6'1 #1 0g - sl pietg Apprd

94 Q€7 99L 018 06y £6% L6 182 8701 ] ey ¢

A 86T §LE 05 9'6r Tov t'6 9Pz £T! ERGTERAY]

26 R 8¢ 1'18 06t 93¢ 0l +¥9'Z $e'l 08+ 09

70! 28T 068 95H e sy g8 LT $T'1 09- 62T piatg 4o puedny

"9 0% 9% 9'¥s 'Sy £9% L6 0T Lol 8%-0 ey w

01 02 v5e 679 I'LE 99z 901 SI'T $e't sieday

o0l T T 19 £'8¢ ULz Al e 051 $6-0L

e 7S §es £99 L€t o ad It 0 £L'1 OL- 0t

301 997 L g'+9 oL oSt 0l 6L 'l ov- st prayg Apped

8Tl LET SIof L8S M LIg 96 (4190 ) SI-0 rUg ¢

001 L1z Ul1g 768 Bov THe 9'9 T w1 aZenay

66 97 TvE 98¢ vy 8'€g 9L e £¥'1 59 - v .

11 L0z 1'7€ 3¢S T v6L 89 997 @i st -5t piatg dord prrerdn

g8 10T 6.8T. 259 e £62 a3 A b AR i ) uSoquIA Mo T

g1l YAT# 1'vE L'98 ey 69¢ $'9 65°T Sl SSwday

66 097 65E o8y §'1s giy Li £8°2 8¢ ( 06 - 0%

4 907 33 L99 £'€8 oL £9 W Wl 05 - 81 PLoT Apped

111 0L A Ry iy 265 £ £1°L il 81-0 swifogepy amo ‘|
(95} 2amsIOp (%) 1utod (g5) Aorde)) (o) (%) (%) {35) Asuoq AlSURg (wo) asq) pue]

JqEIEAY Nl P PUCS AllS0I04 250405 1Y INTM [esy ylng yaeqg % oIy
sia4e 3[qeAnin)) Jo sanrdold [eISAYJ 10§ 9°E") AqEL

KT - 27



Table K.3.7 Puddling and Nursery Water Requirements

(1) Puddling and Nursery Schedules

i H| 11 ‘
1 2 3 I 2 3 ! 2 3
— - ‘-\_\\\
AR ) e
Nursery Pugc_)d\ . Puddting P?r_:od —
T el Tt ‘“‘--ﬁ\__‘r‘
- “-—.___l\
(2} Puddling Water Requirement
Phase Period Puddling Puddling Monthly  Planted Area
Area Water  Puddling W.
{days) (mm) {mm)
i-1
1-2
I-3 10 1712 18 18
T T e 3 B | PR
-2 10 2n2 36 32
In-3 10 212 36 108 5/12
-1 o 212 38 T T mr
-2 10 212 38 12
-3 10 1112 i8 94 11712
a2 . e T T
Total 220
(3} Nursery Water Requirement
Puddling - awerDemand Toul
Phase Period Water Crop Consumptive Percolation i Weighted Mothly
Index Use Total L erage (5% Total
(day) {mm} {mmm) {rmm) {mm) {mm} (mm)
I-1 5 9 -
-2 10 9 1 4 i 14 1
15 18 3o L1 2 3 P
I-3 20 18 510 i8 4 40 2
25 18 o 25 1] 49 2 7
-1 0 18 AHLOD 32 7 57 3
35 18 10/10 35 8 61 3
H-2 40 18 10/10 35 8 61 3
45 19 1/10 35 8 62 3
-3 50 19 10710 35 8 62 3
55 19 10710 is 8 62 3 18
HE-1 60 19 /10 35 8 62 3
65 9 10740 35 8 52 3
HI-2 70 9 910 32 7 48 2
75 7o 25 6 3 2
-3 80 1o 18 4 n |
83 o i1 2 13 R 1
V-1 9% 1/1G 4 1 5 0
220 410 36
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Table K.3.9  Project Facilities for Existing Lower Moshi Project Area (1/2)

Facilities

Mabogini Canal System

Rau ya Kati Canal System

(1) Hacdworks

Weir
Inlet
Gate
Spillway & Parshall Flume

Protection Wosk & Retaining Watl

Others

(2} Main canal

Tota) Eength

Repaiement Lengih {m)
fteightening

Heightening 1ength

Totat Major Structure
Replace of Major Structure
Repair of Structure

(3) Seccondary canal

4) Ten

Total Length

Repairment Leagth (m}
Heightening

Heightening Length

Total Major Structure
Replace of Major Structare
Repair of Structure

1ary canal

Total Length

Repairment Length (m)
Heightening

Heightening Length

Totat Major Stracture
Replace of Major Suucture
Repair of Structure

(5) Main drain

Total Leagth

Repairment Length (m)
Total Major Structure
Replace of Major Structure
Repair of Structure

(6) Secondary drain

Total Length

Repairment Leagth ()
Total Major Structure
Replace of Major Structuge
Repairof Structure

(7) Teitiary drain

Total Length

Repairment Length {m)
Total Majot Structure
Replace of Miyjor Structure
Repair of Structure

(8) Farm coad

Repair of Main fanm road

Repair of Secondacy farn road
Repair of Teitiary farm road

(?) Major structures

(10} Oa-farmy wotks {(compleicd otily)

i nos.

No repatrment
- do-
- do-
- do-
-do-
- do-

4.9 km

0.4 km
0,00mwd25m

L4km

29 nos.

2 nos.

9 nos.

68km

Gtkm
0.05m1w00.15m

4.2%m

37 nos.

12 nos.

278km
1.7km

246 nos.

71 nos

122km
122km
15 nos.
12 nos.

4.7 key
147km
47 nos.

S nos.

17.1 km
1.1 km
87 nos

26 nos.

74km  (1005%)*
16.2km  (100%)*
206km  (100%)*

I nos,
No repairment
- do -
Sluice Gate 1 nos.
No repairment
~ do-
- do-

5.3km

0.1 km
0.10mto0.35m

4.2 km

26 nos,

3 nos,

10 nos.

18.2 km
005me020m
124km
96 nos
3 nos.

26 nos

37.8km
1.9km

3{7 nos.

127 nos

44%m
4.4 km
6 nos,

17.3km
12.3km
6! nos.

5 nos.

238 km
I5.3km
1 nos.

36 nos.

10.3%km  (100%)*
225km  (100%)*
35.0km  (FOO%)*

Refer to Table K19 (272)

885 ha

1.265 ha

*: Pereentage shows the ratio between existing fength and repair length.
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Table K.3.9 Project Facilities for Existing Lower Moshi Project Area (2/2)

Facilitics Mabogini Canal Systemy Rau ya Kati Canal System
Existing Replace Repair Existing Replace Repoir
(nos.} (nos.) (nos.) (nos.} (nos.) {nos.)
(1} Main canal
Bifurcation structure : 0 0 0 i 0 |
Turnout : 7 0 5 5 0 3
- Check drop : il G 2 13 0 4
- Drop : 0 1] 0 0 0 0
Culvent : K 2 0 6 5 i
Spillway ! 2 0 2 I 0 1
Syphon : i 0 0 0 0 0
- Bridge & Aqueduct : 1 0 @ 0 0 0
- Division Box : 0 (I} 0 0 0 0
Toral 29 2 9 26 5 {0
(2) Sccondary canal
- Bifugcation strocture 0 0 0 0 0 t]
- Turnout 18 0 7 R b 0 7
- Check drop 16 0 5 M 0 9
- Drop 0 0 1] 0 0 ¢
- Culven 3 0 0 22 3 10
Spillway 0 0 0 0 0 0
Syphon 0 0 0 2 o 0
- Bridge & Aquedudt 0 0 0 0 Q 0
- Division Box 0 0 0 0 0 ¢
Total 37 0 i2 96 3 26
(3} Tedtiary canal
- Bifurcation struclure 0 1] 0 0 Q 0
- Tumoul 0 0 0 a 0 0
- Cheek deop 0 0 0 0 0 0
- Drop G 0 0 0 0 0
Culvert 130 0 35 160 0 &1
Spillway 0 0 0 o 0 0
- Syphon : 0 ¢ 0 0 0 0
- Bridge & Aqueduct : 0 ¢ 0 0 0 @
- Diviston Box : 116 [\] 16 157 0 63
Total 246 0 N 37 0 127
(4) Main drain
- Culvert 7 5 0 0 0 )
- Junction : 8 7 0 4 0 0
- Cross Drain : 0 0 0 2 ] 0
- Drainage Shuice : 1] 0 a 0 0 0
- Drainage Inkt : 0 0 0 0 0 0
Total : 15 12 0 G 0 0
(5) Secondary draio
Cubvest 25 0 5 29 4] 5
- Juaction : 21 0 0 31 0 ¢
- Cross Drain : 1 0 0 0 0 0
Drainage Sluice : 4] o 1] 0 0 (]
Drainage Inlet : 0 1] 0 I 0 0
Total : 47 0 5 6] 0 8
{6} Teriary drain
- Culvert : 87 20 0 P10 15 0
- Junction : 0 0 0 0 0 0
- Cross Drain : (] ¢ ¢ D 0 0
- Total : 87 26 )] 110 36 0
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Tabte K.3.10  Project Facilities for Expanded Arca

e Kalolent Arca
Facilities

Notrihern Arca " Eastern Aréa " Sourthern Area  Mandaka Mnono Area
{1) lmigable area 4 ha 27 ha 69 ha 260 ha
{2} Intake Facilitis
- Waler source Springs Springs Spring/Njoro river Spring/Mamba river
- Type Congcrete weir Conurete weir Concrete weir Concrete weir
- Number 3 nos. I no. 2 nos, 2 nos,
{3) Supply canal
- Design discharge LCIRTEY 00 lsto 70 1y 60 Us o G0 s 300 Vs to 49011
- Type Concrete block lining - Concrete block lining Concrete Block lining  Conerete block lining
- Tota) length 0.1 km 0.1km 0.1 km 1.6 km
Bottom width 63 m 03m 03m C3mtol4m
Height 045 mted5im U045 m100.55m 045 mwdsim 0.O6mw085m
Side slope 1:1.0 1:1.0 1:1.0 I: 1.0tal: 125
{4) Main canal
- Desiga discharge - - - 6305 0 T8O I
- Type - - - Concrete block lining
- Total kength - - - b.2km
- Bottom widih - - - 04 mtwdsSm
- Height - - - D8Smtw 1 0m
- Side stope - - - 1:1.25
{3) Sccondary canal
- Desiga dischasge - - - 60 1/s 10 38G s
- Type - - - Concrete block lining
- Total kength - - - 10.3km
- Bottom widlh - - - 03mw05sm
- Height - - - 05mwlom
- Side slope - - - 1 10101:5.25
(3} Teitiary canal
- Design dischacge 60 ifs 60 1fs 60 Us 60s10 120 s
Type Concrete block tining - Conerede block lining  Concrete block lining  Concrete block lining
Total kength 0.8 km 1.9km 32km 120 km
- Bottom width 63m 03m 03m 03 m
- Height 045m 045 m 045m 045 m
~ Side slope 1:1.0 1:1.9 1.0 I:1.0
(5) Secondary diain
Design discharge - - T0Hst0270 s 170147510 1.650 /s
- Type - Unlincd Unlined
- Total keagth - E3km 6.1 km
- Bottom width - 06m 06mio 1.0m
- Height - 06m Comio lOm
Side slepe - LS 115
{6) Teitiary drain
- Design discharge - S01sto 1001/ 40 175 to 100 Is 20sto 170 s
- Type - Unlined Unlined Unlined
- Total kength - 0.8 km 2.1 km 10.5 km
- Bottom width - 04m 04 m 04m
Height - 0.6m 0.6m 06m
- Swude slope - 1:1.3 115 I:1.5
{7} Farmroad
- Main farm road - - - L2 km
- Sccondasy farm road 0.1 km 0.1 km 0.1 km 10.3 km
- Tediary farm read 0.8 km 19km 32km 12.1 kim
{8) Major stousclures
- Turnout | 2 2 28
- Check drop 0 0 0 20
- Drop 0 0 0 0
- Culvert 2 A 8 74
- Spitlway 0 0 0 1
- Syphon 0 0 0 -
- Divtdsion box 2 4 9 49
- Tlood dike (k) - - - 16
- Cross drain - 0 0 20
- Junction structure 2 5 i3
M On-far works 4 ha 27 ha 69 ha 360 ha
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Table K.3.11

Project Facilities for New Extension Avea

Facilitics System-A System-B System-C
{1) lerigable arca 181 ha 1,569 ha 340 ha
{2} Main canal
- Design discharge 04 m3fs 06m¥sto 3.6 mlfs 0.8 mifs
- Type Conceete block lining Concrete block ining Concrete block tining
- Length 0.} km 74 km 21 km
- Botiom width 03m 04mto08m 04 m
Height 075m 0.85mto 1.60 m 0.85m
Side slope 1:1.00 1125 b E25
{3) Secondary canal
- Designdischarge 00 Ms10 270 15 60 1/s 101,200 /s 140 ¥s5 to 430 /s
- Type Concrete block lining Conceete block hining Concrete block ining
- Totat length 3.0 km 189 km 3.0km
- Botom width 03 m 0Xmwldbm 0.3m
Height 0.50m 0.50m w 1.20m 0.60m v 0.75m
Side stope 1:1.00 1:1.00 1:1.00

(h Terttary canal
- Design dischasge
Type
Total length
- Bottom width
- Height
- Side slope

{3) Main drain
- Design discharge
- Type
Total length
- Bottom width
- Height
- Side stope

(6) Secondary drain
- Design discharge
- Type
- Total length
- Bottom width
- Height
- Side slope

{(7) Tertiary drain
- Design discharge
- Type
- Total length
- Bottom width
- Height
- Side slope

(8) Farm road
- Main farm road {7 m wide)
Secondary farm road (6m wide)
- Tertiary farm road {(4m wide}

(9 Muajor structures

- Diversion structure

- Furnout

- Check drop

- Drop

- Culvert

- Spillway

- Syphon

- Division box

- Cross drain

- Junclion structure
{10y On-farm warks

60 Vs 10 ESO s
Concrete block lining
T2 km
€¢3m
045 m
1:1.0

0.4 m3sta 7 mifs
Unlined
5.0km

0.6m
0.6m
1:1.5

40 s o 14515
Unlined
6.8 km

04m
0.6m
| )

0.1 km
4.4 km
6.1 ke

oRocoy—-0wv -

Lavd

181 ha

60 s to 120 U
Concreie block lining
52.2km
0.3m
045 m
110

4.6 m3s o 6.3 mifs
Unlined
10.5 km
20m
FOm
1:1.5

03mMstw26mifs
Untined
I9.0km
d6mtaiOm
06miol0m
I:1.5

201510260 Iis
Ualined
436km

04 m
0.6m
1:1.5

13.2km
33.5km
S82.7Tkm

3
63
1.5G69 ha

60 s 10 120 bs
Concrete block lining
109 km
£.3m
045 m
1:1.0

04 mifstol.0mlifs
Unlined
1.6km

05mwdi8m
06 mwO8m
I:1.5

120 Us 10250 Ifs
Untlined
10.1 km

0.4m
0.6m
1:1.5

1.7km
1.5km
14 km
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