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ATTACHMENT-K.1

Measurement
on
Canal Secpage Loss

1. General

Measurement of canal seepage loss was executed to grasp the present canad
condition, and also to obtain the basic data for rchabilitation plan of the Projects.  The
results are compiled in a form of the uvnit of litici/sec/1,000 m2 of wetted perimeter for
casy analysis and application to other canals,

2. Test Apparatus

Test apparatus for the measurement of canal seepage consists of dial gauge, float
and its supports

3. Test Procedure
(1) Tnstallation of test apparatus

(a) Install the supports with a dial gauge approximately on the mid-point of total length
of the tested canal, -

{b) Sct the dial gauge on the support bar and place the float on the surface of the water
attached to the tip of dial gauge.

{(c) Check the upsteeam and the downstream ends of the canal completely with clay soil
to create pond in the canal.

(2) Measurement procedure

(a) Start reading a dial gauge every S minules to record the decrease in water level,
immediately After instalting the apparatus. _

{b) Measure water depth and surface width with tape at several points of tested canal at
5-20 meters interval just before and after commencement of measurement.

(¢) Continue the measurement until constant of gauge variation, say at least 2 hours.

4. Test Result and Analysis

Reclation between tine lapse and decrease of water level drawn on the scction
paper shows that  a decrease rate in water Ievel at the initiad stage is high, and as the time
has passed, it becomes lower. The decrease rate approachies to a certatn constant value Dr
after a few hours, which can be castly estimated from the graph.

With an assumption that the scepage loss is in proportion to the arca of weltled
perimeter, 3t is estimated using the following equation.

Cs = DR x L x Ws x (1,000/Ap) {liter/sec./{ 000m?)
Where,

Cs  :Canal seepage
Dr  : Decreasing rate of water level

KAd- )



L : Tested canal length (m)
Ws : Width of water surface (m)

AP : Arca of wetted perimeter of tested canal (ny?)

5. Sawmple Calculation

(1) Geaeral infonmation

Measuremwentdae 1 May 26, 1997 Design water depth @ 326 m

Canal length 1827 m Side slope : 1: 1.00

Design discharge 246 linds, Bottom width 104 m

Canal gradient : 11850 Lining : Conerete block Bining

{2) Mcasurement on Decesase in Water Lovel

Leagih 9L3m

Tink Reading of dial Devcrease in

{mmy) gauge (mm) water lovel imm}
0 2472
10 2287 1.85
20 22.41 0.46
10 21.76 0.65
40 20.42 1.34
50 1340 2.02
60 17.92 048
H 1675 117
SO 15.55 1.20
%0 14.30 1.25
100 1312 1.7
110 1198 115
120 10.97 101

2.50

< o <o o =3 = < < =3
= a8 sl -~ o8 8 b= 3

Decreased in Water Level {mm)

Time {min.)
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(3 Water Surface Widih and Water Depth just aftes Finish of Measureiment

Section Widihof Water Wetied Arcaof Welled
Water Surface Depth Perimeter Perimeter
No.§ {00.0m) 0.74 m 0.305 m 1346 m
No.t (20.0m) 075 m 0210 m 1247 m 2504 m2
No.2 (40.0m) 0.4 m 0.380 m 1.558 m 28.06 m2
No.3 (60.0m) 093 m 0400 m 1615 m 73 m2
No4 (80.0m) 0.96 m 0405 m 1.629 m 3244 m?
w5 (9. 0.99 m 0460 m 1.783 m 19.29 m2
Average width of water sueface : 084 m
Total area of wetted penimcter : 11746 m2

(1) Cableulation of Canal Seepage Rale

Decreasing rate in water kevel {Di) approaches o a constant value of L1 m/10m,,

that is 0.002 nun/s. Canal seepage rate (Cs)is as totlows:
Cs =0002 x 91.3 x 0.84 x (1,000/137.46) = 1.12 ht/s/1,000m?2

3

-

Calculation of Total Canal Scepage Loss at Desiga Discharge

Total wetted perimeter area = (055 + 008 x 2+ 048 x 1A x 2 1 x 827 = 1,008 m2
Total canal scepage loss = 1,008 x 1,1271,000 = 1.1 lifsec.

Conveyance efticiency = {(46-1.1Y 46 x 100 =98 %

KAl- 3
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ATTACHMENT-K.2

Measurement
of
Field Water Requirement for Paddy

L. Purpose

An objective of a measurement is o grasp the waler requirement of paddy, in
order to estimate the proper irfigation requirctneat and to compare with the results
calcutated by the modilicd Penman equation.

2 Test Appratus

There are iwo lypes of test appratus in this Study: one is an avtomatic one and the
other is a manual one.  In this paper, the manual one which is tocally available, is
explaned hereinalter.

Two different types of tanks arc amanged using the used drum cans. One is a
ok with bottom and the other withoul boltom.  One sel of tanks required for
measurement on field water requirement is as follows, which is given in Figure - 1

(a) Tank-A : a bottomless tank with paddy
{b) Tank-B : a bollomless tank without paddy
(c) Tank-C : a bottom tank without paddy

These tanks are embedded in a paddy field more than one meter apant from the
nearest farm ridges, leaving about one third of the tank height above the ficld surface.

3. Measurement

The observation shall be execuled at 9:00 a.m. every day. The forms (o be used
for measurement are altached hercto.  The observation procedure shall be as follows:

(1) Step-1: Measure the depth from the top edge of lank to water surface inside
tank (RBR) and also outside the tank by a ruler.

Kal-t



(2) Step-2: Pour water wnto the tank by about 6 cm in depth il the water dcpih in
the tank becomes less than 2 cm, and thcn measure the depth from the
top cdge to new water tevel (RAS) inside the tank.

(3) Step-3: Measure the raintall at the cach project office at 9:00 a.m. on the

following day of the rain.

The daily liekd water requirements are equivalent to the water depth decreased a
day and expressed in mm/day. The field water requirements can be computed as

foltows:

DFWR =RBR-RAR+R

where, DFWR  : Daily field water requiremeni (mm/day)
RBR  : Reading of ruler before resciting on the previous day (mm)
RAR  : Reading of ruler after resetting on the previous day (mm)
R : Raintall recorded in the last 24 hours (mm)

4. Analysis Method

The daily water balance in the fank is simply illustrated in Figure -2.  The
following equations can hold to explain the water movement:

Tank-A: TWS+R=E+T+P+TWR
TWS-TWR=E+T+P-R

Tank-B: TWS+R=E+P+TWR
TWS-TWR=E+P-R

Tank-C: TWS+R=E+TWR
TWS-TWR=E-R

where, TWS : Waler supply into tank {mm/day)
TWR : Waler remained in tank {(mm/day)
TWS-TWR  : Reading of ruler after resetiing on the previous day (mm)
E : Evaporation (mm/iday)
T : Transpiration {min/day)
P : Percolation (mm/day)
R : Rainfall (mm/day)

KA2-2



In addition, the following equations can be used for calculation of the unknown

values:
E = (Tuank-C)
P = (Tank-B) - (Tank-C)
={E+P)-E
T = (Tank-A) - (Tank-B)
={ETc+P)-(E+P)
ETe = (Tank-A) - {{Tank-B) - (Tank-C}}
=(ETc+P)- {(E+ P}-E}
Where, El'c: Crop Evapotranspiration (mm/day), ETc = E+ T
Finally, the daity observalion records shall be evatuated on the lollowing two
crilena:

{D) Tank-A, Fank-B, Tank-C= 0
(2) Tank-A =z Tank-B =z Tank-C z 0

IT the result of daily water balance will not satisfy the above criteria, such data
shall be rejected dunag processing dala.

KA2-3
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ANNEX - L
PRURAL INFRASTRUCTURE DEVELOPMNENT

1. INTRODUCTION

This Annex details the plans of rural infrastructure developiment and related facilities
improvement for Existing Lower Moshi Project Arca, New Extension Area, Expanded Area
and Proposcd Diversion Channel Route Area.

Chapter 2 mentions Overall Concept for Rural Infrastructure Development.

Chapter 3 presents Rural Roads improvement plan. The village linking roads are
defined as roads which connect villages to the proposed inspection road along the proposcd
diversion channel, the trunk road and main farm roads for smooth carriage of agricultural
products and inpuis. In this chapter, needs and types of road are discussed, and road
networks are also studied taking into consideration.

Chapter 4 relates Domestic Water Supply. The domestic water supply consists of
Water facilitics for domestic use and Livestock troughs.

New structures with pipe and hand pump are provided for fanuers1 use in view of
water quality protection and attached close to the irrigation canals. In Existing Lower Moshi
Project Area, the existing washing steps are replaced to the new structures.

Livestock troughs which are planned in order to prevent canals from contamination
causcd by livestock such as cattle, goats, sheeps and others.  Locations of the troughs are
discusscd and selected considering the condition of grazing and future number of livestock.

This chapier also gives estimate of population and livestock in the year 2015, The
water facilities for domestic use and the livestock troughs are planed based on this estimation.

Chapter 5 describes generally other rural infrastructures such as power supply, schools
and dispensarics in the Study Area.

Chapter 6 mentions rclevant village development plan in the Study Area.
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2. OVERALL CONCEPT FOR RURAL INFRASTURUCTURE
DEVELOPMENT

The rural infrastructares planned in the Study Arca are aiming to improve the social
cavironment and stable agriculture.

It is important that the rural infrastructures are maintained directly by villagers, the
primic users, who are aware that the system belongs to their community and that it is neecssary
to preserve H for a sustainable and effective use.

Therefore, consideration will be given to an easily operational and maintainable system
at the formulation of the rural development plan..

This rural infrastructure development plan will be formulated mainly based on the
results of the ficld investigation, study on data and infonmation collected from the agencies
concerned, which are mentioned in section 3.1, under the following overall development
concepts.

Maximum use of the existing facility.

Appropriate size and potential usage in the future.

Application of the same criteria used in Existing Lower Moshi Project Arca.

Simple structures for easy operation and maintenance by villagers.

Coincidence with respective development plans at village, district, regional and central
levels if any.

Reficction of opinions, suggestion and wishes of villagers within the framework of
the agreed Scope of Works.

t



3. RURAL ROADS
3.1 Existing Road Network
3.1.1 General

The road which compose the existing road networks in and around the Study Arca are
classified into the followings:

. Classification  kocatiea . Agencyin chage
National highway Route A23 Ministry of Works
{Arusha- Moshi-Rimo-Tanga)

Municipal road Around the Study Area Moshi D.C
istrict oo Around the Study Asca Bristrict{Moshi & Hai District)
Project road Fa Existing Lawer Moshi KADP. TPC

Project Arcavand TPC arca
Ward rood In the Swudy Arca Wand

Village rond ... Inthe Study Area . Village ]

The structural conditions of respective roads are Ist grade asphalt pavement (Route
A23), secondary level of asphalt pavement (TPC main roads), gravel pavement (KADP trink
road), laterite pavement (main and sccondary farm roads), and unpaved roads (village and
tertiary farm roads).  Layout of the road networks are shown in Figure L.3. 1.

The organization chart is given in Figure 1..3.2 for Moshi district and in Figure 1..3.3

for Moshi Municipal Council. District and Municipal roads are maintained by cach road
sections in the respective departments.  The road sections are summarized as below:

Office Name Nos. of staff Anpual Budget in year 1997 ~ Road Length tkm)

Moshi Muonicipal g8 11.2 million Tsh Paved road : 60km
Unpaved road @ 1,500km
Moshi District i - 324 million Tsh

These departments also provides technical support for the repair of all ward and village
roads as the need arises. The ward and village soads are managed by the ward and village
offices, and are only repaired once or twice a year after the rainy season by the inhabitants
work groups. These maintenance works consist mainly of manual banking and clearing.

3.1.2 Exi§iing Lower Moshi Project Area
,Existing Lower 'Moshi‘Projccl Area covers tour villages such as Mabogini, Rau Ya

Kati, Chekereni and Oria villages. Road neciworks in the Arca arc composed of the roads
classified in the following 4 classes:



_ Bffective width (m) ~ Number  Length tkm)  Paveinent

Class

Tronk rocd 9 { 16.1 Gravel

Main fann road 6 3 17.7 Latwrite
Secondary farm road 5 12 38.6 Unpaved
Tertiary foompond 3 % 556 Unpaved

‘These locations are given in Figure L.3.1.  The volume of waffic of the trunk road
has been surveyed to grasp the existing traffic condition of the Arca. An average daily
volumie of traffic is 150 assumed bascd on the survey conducted on two representative days of
the weeck, Monday and Friday, from 6:00 to 18:00. Survey results are shown in Table L.3. 1.
The condition of the roads cited above has been also surveyed, and the results are summarized
as follows:

(1)  Trunk road:

- very rough surface with deep ruts and holes with standing water,
- zigzag traffic course,

- muddy and slipping condition after rainfall,

- poor drainage condition,

- partially gravel paved and other portions are lost or disappeared.

(2)  Main and secondary farm roads:

- narrow road width due to grass growing which obstructs smooth traffic,

- rainfalls draining into irnigation canals at several places due to reverse gradient of road
surface caused by less maintenance,

- others are found almost same conditions of the trunk road

(3)  Fertiary farm road:

- road surface covered with many grass which brings about a difficulty in passing of
vehicles and tractors,

- others are almost in the same situation with main and secondary farm roads

Especially, pipes in culverts related with secondary and tertiary canals are exposcd on
account of crosion of road surface by rainfalls,

_ The operation and maintenrance works of the project roads are made by the machinery
section of KADP in collaboration with the irrigation section. Equipment for maintenance
such as motor grader, dump truck, wheel loader were provided in 1986 (refer to Annex - O},

however, most of them are in unworkable condition due to lack of spare parts and deteriorated
condition.

3.1.3 New Extension Area

There are 4 villages in New Extension Area: Mtakuja, Chekerent, Orta and Mvuleni
villages. There are some village roads with total length of aboul 28 km in the Area. Road
width is gencrally almost 3 m, but the width of the main village roads is more than Sm.
The estimated teaffic votume of each village road per day is less than 10.  Road conditions are
poor, and even 4 WD vehicles have difficulty to pass in the rainy season.  Roads maintenance
works are mosltly carried out once a year after the rainy scason.  In Chekereni village, a motor
grader from KADP is used to repair the main road. The rental charge with operator is 3,000
TSH/day. All of the cost including fuel is collected from the villagers.



3.1.4 Expandcd Area

The Expanded Area includes a parl of Mandaka Mnono viltage and Kaloteni ward.  In
Mandaka Mnono Arca, only two village roads with 3m width are available.  Onc road leads to
Msaranga and others to Chekereni and their total length is estimated at 4.7 km.  Road
conditions are very poor, even in the dry scason, 4 WD vehicle only arc passable.  Kaloleni
Arcais covered with only ward roads with total length of 1.7 ki and average width is 3 m.
Road conditions are stightly better than in Mandaka Mnono area because of their proxinity to
town. Roads arc maintained by the inhabitants themselves once a year after the rainy season.

During harvesting time, paddy of expanded area is transported (o the market of the
Existing Lower Moshi Arca(Chekereni village) across the Rau river by bicycle or by poor
lransportation method. During the survey, Most of all of farmers are urging the bridge(s)
crossing the Rau river, even small scale, to transport the agriculture products and access (0 the
market of Chekereni village and Moshi city.

3.1.5 Proposed Diversion Channel Route Area

There are TPC farm and five villages, Kawaya, Mkalama, Longoi, Kikafu Chini and
Mijongweni villages, along the proposed diversion channel ronte.  Two (2) routes access to
Proposed Diversion Channel Route Area.  Northern route is branched off from Route A23 on
the way to Arusha, and southern route is reached from TPC crossing the Kikafu River.  On
the proposed diversion channel route through the TPC, village roads only are avatlable, whose
total length is about 8 km.  These roads are in very rough conditions and can be passed only
in the limited season due to obstruction by water stagnant on the roads, river flow crossing on
the roads, etc.  In Kikafu Chine and Mijongweni village, road maintenance works are done
only by manpower once or Wwice in two weeks.  In Mkalama villages, roads maintenance
works are mostly carried out once a year after the rainy scason as in the other villages.

Table L.3.2 presents he survey results of road conditions in the Study Area.
3.2 Problems and Constrains for Rural Road Development

Through the ficld investigation, study on data and information collected from the
agencies concerned, the following problems and constraints have been found:

3.2.1 Existing Lower Moshi Project Area

In this area, road network is proper as the road density is enough with the existing
trunk road and farm roads. But maintenance of the roads is insufficient and it makes conditions
of the trunk and main farm roads bad.

However, details of the trunk and farm roads are discussed in the lrrigation and
Drainage Development Plan of Annex K. :

3.2.2 New Extension Area and Expanded Area

In this area, existing road network is composed of a few village roads which are in
very poor condition and can be passed only for several months during dry season. Therefore,
project road networks composed of new farm roads and village roads should be planned in the
same criteria as the Existing Lower Moshi Project Area.  Existing village roads arc improved
as linking roads to connect the village and the farm roads o realize smooth traffic. But some
village roads are developed as farm roads according to the topographical location and flat plan.

Farm roads are also described in more detail in the lrigation and Drainage
Development Plan of Annex K.



3.2.3 Proposed Diversion Channel Route Area

From the view point of Road networks in this area, it is unsuitable for villagers that
there is no village road which reaches directly to the town and/or parent roads such as trunk
roads. Therefore, the inspection road proposed along the diversion channcl is considered to a
main road in the arca, and village roads are linked to the inspection road for establishment of
the road network.

Details of the inspection road is meationed in the O&M and Water Management Plan of
Annex - O.

3.3 Concept of Rural Road Development
3.3.1 Basic Concept

Rural road development is aiming at smooth carriage of agricultural products and
inputs, and improvement of living circumstances of the rural habitant,

In order to attain this aim, the proposed inspection road along the diversion channel is
furnished with funciion of rural road and is regarded as main roads for Existing Lower Moshi
Project Area as same as the trunk road and the existing main farm roads. Consequently, the
existing village roads which connect to these main roads are improved as village linking road
and formation of road system is planned. In this project, new village roads are not constructed
and developed, and only the existing village roads are improved and repaired.

3.3.2 Criteria of Selection
Proposed village linking roads are selected based on the following criteria.

- Village roads with heavy traffic for passage and transpontation of agricultural product
and input.

- Village roads which have bad conditions in rainy season and have potential for good
access to the main roads by improvement.

- Village roads with heavy traffic which run through centers of villages and have role as
main road.

- Village roads which connect to schools and hospitals and have important role for social
life.

3.3.3 Design of Village Linking Roads

The existing village roads are improved as village linking roads following the basic
design concepts shown below.

- Apptication of the same criteria used in the Existing Lower Moshi

- Maximum use of existing village roads as village linking roads.

- Plan for related structures such as drainage, cross culvert and side drain, and/or
protection works such as slope protection, il needed.

3.4 Village Linking Road Plan
3.4.1 Existing Lower Moshi Project Area

Rehabilitation and improvement of roads in this Area will be executed as a part of
works for Rehabilitation and Enhancement Works of Existing System, lhereforu, no works are
considered as rural development works.

L-6



3.4.2 New Extension Area

In accordance with the development concept, total length of village roads connecting
to the proposed main roads is counted about 1.0 km and their length will be rehabititated and
timproved. Scope of works will be mainly reshaping of the road surface. Location and length
of works are shown in Figure .34 and Table ..3.3.

3.4.3 Expanded Area

As a same criteria of the above, works will be executed in this Area, and 0.7 km in
Katoreni area and 3.1 km in Mandaka area will be rehabilitated and improved. In addition, 2
numbers of simple bridges over the Rau and Njoro river will be provided to connect the
Ixisting Lower Moshi Arca and Moshi city. Location and length of works are shown in
Figure 1..3.4 and Table [..3.3.

3.4.4 Proposed Diversion Channel Route Area

The existing village roads crossing the proposed diversion channel route are about 30
numbers in tofal. In line with the development concept mentioned above, 10¢ vitlage linking
roads will be rchabilitated and improved as village linking roads including related stiuctures.
Range of rehabilitation and improvement will vary from 400m to 1,000m at both cight and left
sides of the channel. Rehabilitation and unprovement of village roads connecting to the
proposed diversion channel will be executed with same criteria of other area and totally 4.9km

will be rchabilitated and improved. Location and length of works are shown in Figure 1..3.4
and Table 1..3.3.



4, DOMESTIC WATER SUPPLY
4.1 Exisling Domestic Water Condition
4.1.1 General

In the Swdy Arca, (he domestic water is supplicd for village people from various
sources such as public water supply, canal, well, river and spring.

There are twe public water supply systems in the Study Area; One is extended until
Mabogini, Chekereni, Oria, Rau, Mtakuja and Mvuleni villages, the other covers Kaloleni
ward. The former is under the control of the Water and Works Department of the Moshi
Districl.  The organization chart of (he Department is presented in Figure L.4.1.  Operation
and maintenance of the facilitics down to the main pipes are under the control of the District
through the said Department.  After the main pipes, the control of the system is made by the

respective villages and houscholds.  The water source is the Coffee Curing spring (catled £
Njoro spring in the local dialect). Water supply is made through the communily taps and/or

the house taps.  The latter is given particular attention in the heading uniitled Expanded Areat.

Villages in the Study Area, which are located far from the public water supply systems
and/or far from residential areas, depend on irrigation canal, well, river and spring for their
water supply.  Most of these waler suppties are msufficient in quantity and arc poor in quality.
Water should be drank after boiling in order to get rid of the impurities and pathogenic genms.
Figure L.4.2 and Table L.4.1 show the existing conditions of the domestic water supply
systems investigated in the Study Arca by the JICA Study Teany. The following explains these
condilions in each Study Arca.

4.1,2 Evisting Domestic Water Condition
(H Existing Lower Moshi Project Area

‘The number of houscholds, which are provided with water through the pipeline
nctwork system (Mabogint - Kahe Water Supply System) in the area, is 130 out of 300
houscholds in Mabogini, 16 out of 400 in Rau Ya Kati, 7 out of 710 in Chekereni and 10 out
of 840 in Oria village. There are 47 comnmunity taps in the area, and 300 villagers share one
tap on average.  ‘The water charge for the communily taps is free, but a houschold has to pay
900 Tsh./month.  Also shallow wells, KADP irrigation canals and Rau river are main sources
for drinking water, however, still insufficient.  Other domestic water invelving that for
washing, bathing and animal drinking is mostly provided by the same canals and river. In
the Area, there are 9 shallow wells, however, the water level draws down and can not supply a
sufficient discharge in the dry scason.  Recently, a tube well owned by KATC has been
transferred to the Chekereni village for public use following the strong request of the villagers.

(2) New Extension Area

A public water supply system is also provided in this arca. However, there are 2
private and 9 public taps for 720 houscholds in Mtakuja village, and only 1 public tap for 550
houscholds in Mvuleni village. Tap water discharge is insufficient because of low pressure
due to the location of these villages downstream of the pipe line.  Domestic water including
drinking purpose have thus been obtained mainly from cither canal water of the Existing
Lower Moshi Project at the boundary of the eastern side, or from stream water coming in from
the TPC farm.  Also over 20 wells maintained by villagers and individuals exist in the area,
which are used principally for washing, bathing etc.  Most of these wells are shallow with
less than Sm depth, and are difficult to get water from in the dry scason,  Villagers drink the
water without boiling i, and as a result, the disease rate by bacteria and/or ameba is high.
Therefore, the living standard in this area is very low. Urgent correction measures are
essential.  No development plan on water supply system is available in these villages.
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(3) Expanded Arca

Only Kaloleni ward has a public water supply system in the area. This system is
under the contro! of the Works Department of the Moshi Municipat.  The organization chart
of the Depariment is presented in Figure 1.4.3. The number of houscholds using this water
supply system is 50 out of 850 houscholds, or a ratio of 6 %. Thesc houscholds pay water
charge according to their use counted by a water weter.  For example, a houschold of 10
people will pay about 4,000 Tsh/month.  "There is no public taps, so most village people buy
water for drinking and other domestic uscs from privale taps at a cosl of 10 Tsh/20 ht.  The
water source is the Mscere spring located at a distance of 12km from Moshi town, which
constitutes the water source for the town.  And there are two springs, Goa and Dobi, which
supply 30 percent of the water use in Kaloleni ward.  On the other hand, Mwananguruwe
spring is the main water source for Mandaka Mnono village. These 3 springs are also the
main water sources of irrigation water in the Expanded Arca.  All these waler sources are
sufficient in quantity and fair in quality.

According to the investigation results, a new piped water supply in Mandaka Mnono
village was requested to the District, but there is so far no response due to a lack of budget.
Villagers have plans to apply somne flood protection measures using their own fund in order to
stop the sedimentation and the inflow of residues into (he springs of Kaloleni ward.

(4)  Proposed Diversion Channel Route Area

In the area, mainly all villages take domestic water dircctly from the closest rivers and
local canals, to the exception of Kikafu Chini village where a few number of community taps
are used for water distribution..  Springs constitule also water sources in all villages except
Mijengweni village.

Longoi river is used in Kawaya and Longoi villages, and 3 rivers ( Wernweru, Kikafu
and Karanga river ) are used in Mijongweni village.  Some rivers are scasonal and are hence
insufficient in quantity.  And the rivers are sources of canal water as explained below, but
the discharges of some rivers decrease in the dry season from August to February as shown in
Annex - A,

Mapacha canal was constructed by the Government in 1971 and conveys waler of
Lundugai river to Kawaya and Mkatama villages for irrigation and domestic purpose in the dry
seasonn. The canal is managed by a main committee composed by representative members of
the 2 villages. [In addition, a committee cstablished in each village is responsible for
operating and maintaining the part of the canal related to their village. Maintenance works are
carried out once a week by the villagers after the rainy season.

Tn Longoi village, there are 2 canals taking the water of Longoi river. One is the
Nguzonne Pacha canal which is composed of an intake constructed by the Communily
Development Trust Fund and a canal with 8 km in tolal length made by the villagers in 1993.
The other is the Mfercj B Longoi canal with a focat weir and an old canal. Both canals are
made for agricultural purpose.  The former is controlled by the Water and Works Department
in Moshi District and the lalter is managed by the villagers. In Mijongweni village, the canal
from Weruweru river was made by the Kilimanjaro Zonal Irrigation Office, and is now
maintained by villagers once a week.

There are 2 shallow wells used in Kawaya vitlage, which had been dug by a group of
interested villagers and maintained by the group.  In Mkalama village, 2 shallow wells exist
and are maintained by the villagers. All wells arc only usefulin the rainy season, therefore
quantity is insufficient. The water quality is as bad as in the New Extension Arca.

Mépacha spring in Kawaya village, Mkalama spring in Mkalama village and Nguzonne
spring in Longoi exist in the Area.  Nguzonne spring is the biggest among the three. It is
Jocated near the Longoi river at the boundary between Longoi and Kikafu Chini village.
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Villagers gather along the banks of the stream flowing from this spring and use its water for
drinking, washing, bathing ete.  The place plays the role of a kind of community place.

The sources of domestic water supply mentioned above are generally insufficient in
quantily except some rivers, and fair in quality.  Urgent measures are requiced to address
these problems.

Longoi village has a project o develop a water sowrce for drinking.  Hydrogeology
survey has been already carried out by the Water and Works Departiment in the Moshi District,
but no further works have been performed after that.  There is no other development plan on
water supply in these villages.

4.2 Problems and Constrains lor Domestic Water Supply

4.2.1 General

As mentioned in Section 4. 1, the pervasion of public water supply system has been
found only in the Existing Lower Moshi Project Area, but its rate is low.  All other areas are
supplied with domestic water from shallow well, spring and river water,  Thus, the quality
oh life in these areas is still very poor and wrgent measures arc necessary from the viewpoints
of living standard and sanitation.  In spite of such poor situation, the implementation of water
supply by the authority has not progressed so far mainly due to lack of budget.  On the other
hand, as can be found in the Existing Lower Moshi Area, the irrigation canals play a role not
only providing irrigation water supply but also domestic water supply such as cooking water,
bathing, washing and animal drinking. IFrom these findings, it is deemed indispensable that
water tapping facility like washing step shall be provided as an important domestic water
supply facility for the New Exlension Arca, Expanded Arca and also the Proposed Diversion
Channel Route Area.

4.2.2  Water Quality of Irrigation Canal

Due to insuflicient number of public water supply faciliies, villagers tn and around
the Study Arca are depending on irrigation water and river water of Rau. For the convenicice
of villagers, totally 12 places equipped with washing steps are provided in the Existing Lower
Moshi Arca. According of CHAWAMPU by-law, washing steps can only be used for drawing
water, any other usc being prohibited. However, villagers are using the irrigation water for
washing of body, clothes, vegetables, this being done not only on the washing steps provided
for that purpose but at any other places of convenience, namely near  houses. In addition,
catle and cther animals can drink water at any places. Due to the aforementioned reasons,
irrigation water is contaminated and very high values of BOD are observed. (Test result of
water quality is mentioned in Annex-A)

4.2.3 Livesteck Trough

Only 2 facilities are provided as cattle troughs in the whole Study Area. Therefore,
caltle, sheep, goats are directly using irrigation canal water in Lower Moshi Project Area and
their excrements dropped into the canals constitute a source of contamination of the wrigation
water.
4.3 Basic Development Concept
4.3.1 Basic Conceplt

The Development Plan, which is formulated for the purpose to improve domestic water
supply and provide a multi-purpose canal with water facilities for domestic use and livestock
troughs, is based on the concepts described below. ‘

- The water facititics for domestic use and the livestock troughs will be developed
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according to the nwmber of uses and livestock in the fulure.

- The water facilities for domestic use and the livestock troughs will be constructed with
materials focated near the site to cut on cost, which are selected taking into
consideralion operation and maintenance in the future.

- The water facilities for domestic use and the livestock troughs will be designed based
on simple structure which can be maintained by villagers themselves.

- The water facilitics for domestic use and the livestock troughs in the new diversion
channel are designed taking into consideration satety and convenience factors as
related to channel depth,

d4.3.2 Criteria of Sclection

The proposed water facilitics for domestic use and the livestock troughs are selected
based on the following criteria.

(n Water facility for demesltic usc

- The water facilitics for domestic use are to be provided near the communtties.

- The water facilities for domestic use are to be planned near road crossings with many
pedestrians,

- The water facilitics for domestic use are located near villages without other water
sources.

- The water facilitics for domestic use are to be located at a maximum distance of 2 km
from villages. 2 kv is adopted as the maximwm school distance for children in some
standard.

{2) Livestock trough

- The livestock troughs are to be located depending on the number of animals using the
area, difficulty of dccess and proximity of agricultural lands.

- The livestock troughs ave (o be Jocated near the communities and/or the road ¢rossings
with many pedestrians.

- The livestock troughs are to be located near places withoul other water source.
4.4 Development Plan of Domestic Water Supply
4.4.1 Estimate on Population and Number of Animals in Year 2015

To forecast the water demands of village people and number of livestock in the object
arca, cstimate is made based on Water Development Plan in Moshi District and population
census in 1988, On the estimate, following basic criteria is applied:

- Target year : 2015
- Growth ratio of population : 2.2 % per year

As a result of the estimates, the number of villagers using irrigation water will be
35,410, and amimals will be 151,600 in the target year of 2015 and water demand depend on
Tanzanian standard for those will be 1,700 m3 per day (20 Ufs) for villagers and 1,300 m3 per
day(15 ¥s) for animals. Details of the estimates are shown in Table 1..4.2. In the Table, annual
growth rate is computed from the population census taken between 1979 and 1988, And the
ratio of canal user in Existing Lower Moshi Project Area is determined based the hearing

survey result. For the other 3 areas are estimated based eon users ration of springs, rivers and
other water sources. '
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4.4.2 Waler Facility for Domestic Use

Water facilities equipped with places for domcstic use will be provided along the
diversion channe! and irrigation canals ncar communities. The structure ol these facitities
consist of inlet, suction pit with hand pump and washing place as shown in Figure 1.4.4. The
number of facilitics in the respective area is as follows and as shown in Figure L34,

- Existing Lower Moshi Project Area : 24

- New Extension Area : 25

- Expanded Arca  Katoreni : 3

Mandaka : 5

- Proposcd Diversion Channel Route Arca : 10
Total : 67 places

4.4.3 Livestock Troughs

Facititics equipped with livestock troughs will be provided along the diversion channel
and irrigation canals depending on the number of livestock using the area, difficulty of access
and proximity of agricullure land. The structure of there facilities consist of inlet, suction
with hand pump and drinking manger with a length of 30 m as shown in Figure [4.5. The
number of there facilities in the respective areas is as follows and as shown in Figure 1..3.4.

- Existing Lower Moshi Project Area 4

- New Extension Area 6

- Expanded Area  Kalorent 3

Mandaka 2

- Proposed Diversion Channel Route Area 5
Total 20 places
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S. OTHER RURAL FACILITIES
5.1 Existing Electricity Power Supply Condition

The distribution lines are not provided to all villages of the Study Arca. Electricity is
provided by TANESCO 1o houses in Mabogini, Chekereni, Oria, Mijongweni village and
Kaloleni ward, and factories with AC 220 V and 50 Hz. The average ratio of pervasion is
lower than 10 % in the respective villages and much differences are not seen among there
villages. The number of houses supplicd with clectricity is shown in Table L.5. 1. In the house,
electric lamp, iron, radio, casselte recorder, cooking heater are found as common facilities.
The electricity cost 50 Tsh. /&AW, and household consumption cost ranges between 1000 Tsh.
to 1500 Tsh. per month,

5.2 Existing Rural Facilities Related to Public Institutions

In the Study Area, there are some other rural facilities. According to the field survey,

these rural facilities, which mainly relate to education and health institution, are sunumarized in
Table L.5.1.

Mandaka Mnono has no cducational facilitics. This requires children living there to
attend school located northward at Msaranga. Medical facilities are not found in all villages and
ward. Some villages have a dispensary with beds. Both of these facilities are not sufficient for
villagers needs.

These Other Rural Facilitics arc also described in Annex - F.



6. RELEVANT VILLAGE DEVELOPMENT PLAN

Moshi District has made the extension/rechabilitation projects for water supply systems
to raise the coverage of the population supplied with clean and safe drinking water from 45%
to 90%. Main and branch pipe line of Mabogini-Kahe Water Supply System will be
improved depeading on the projects, but there is no response from the Government after
proposal.  The development plans of the public water supply system for the respective
villages are made or on-going by the District to improve the existing conditions, however, all
plans are delayed or postponed due to financial constraint. o Oria village, there is a
devetopment plan to rehabilitate the existing well and construct a new pipeline for the domestic
water supply.  The said well has been already constructed and water quality has already been
cliccked so far.  Presently, the village is collecting moncy to purchase and install a pump. A
new pipeling system is planned to run from Mwananguruwe spring in Mandaka Mnone village
and connect the main pipe at Onia village to Rau Ya Kati village.  An 8 inch pipe is designed
and the cost is estimated at 210 million Tsh.  Though the drawings have been completed, the
actual works have not yet started.
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‘Table 1..3.3 Rehabititation and Improvement Plan of Village Linking Road

liocidu::;(and Name of Village l.i:;gjlh Rom(l"\;;hdm Pavement Remarks
A. Diversion Channel Route ‘
A-1 Kawaya 500 4.0 Unpaved
A2 Mkalama 800 -do- -do -
A-3 -do - 1,000 -do- -do-
A4 -do- 900 -do - -do-
A-5 Longoi 700 -do- ~-do -
A-6 Longoi/Kikafu Chind 600 -o - -do -
A7 Kikafu Chini 400 -do- -do -
Sub-total 4,900
B_Lxtension Area
B-1 ChekereniMikuja 1,000 4.0 Unpaved System B
Sub-total 1,000
C. Expanded Arca
C-1 Kaloleni 200 4 Unpaved
C-2 -do- 300 -do- -do-
C-2 -do- 200 -do- -do -
C-3 Mandaka/Chekereni 3,100 -do - -do-
Sub-toial 3,800
Total 8,700
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‘Table L.4.1 Summary of Existing Conditions of Domestic Water Supply System(1/2)

Household

Aven . Water source Authovity Nos. of facility Conditien
fpopulation
I. Existing Lower Moshi Avea
1.1 Mabobini 800/5,000 Public Moshi Disteict good/sufllicient
- house use: 130
- communily 20
Well vilage 1 poorfinsulficient
Canal KADP COMMmon use -
e YD omesticonly  didylc e
1.2 Rau Ya Kati 100/2070  Public e " pooriinsufficient ;
- house use 16
- community 6
Well no well 0 -
Canal KADP COMMON use -
1.3 Chekereni ‘ Tosag0 eubhe 7 MoshiDistact " poorfinsufficient
- house use 7
- community 16
Well village & personal G poorfinsuflicient
Canal KADP common use
i40na 840/4,610 Pulilic " Moshi District pooriinsufficient
- house use 10
-~ commumiy 5
Well village & personat 2 poor/insufficient
Canal KADPNAFCO COMMon us2 -
River no fver - -
. Expanded Avea
2.1 Mandaka 400/1,760 Public not provided
Well no well - -
Canal viltage CoOmmOon use poorfinsuflicient
2.2 Kaloleni 85073130 Public " "Moshi Municipal poor/insufTicient
- house use 50
- community 0
Weil no weit - -
€Canal village COMMON use poorfinsufficient
Spring(river) village all purpose disty/far

L1-7
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Table L..4.1 Summary of Existing Conditions of Domestic Water Supply System(2/2)

Area Ilousehc.rld Water source Authority Nos. of facility Condition
- fpoputation
111, New Fxtension Avea
3.1 Mutakja 720/3,310 Public Moshi District poot/insuflicient
- house vse 2
- communty 9
Well village & personal 24 poorfinsuffictent
Canal _KADR/TRC commonuse  diyfadseasonol .

32 M\ulem [ p;,b[ic

dMosht District

poot/insuflicient

- house use 0

- commumly 1
Well village & personal 5 pooriinsufficient
Canal TPC COMNWIN Use dirfy/Tar/seasonal

IV. Diversion Channed Route{from upstreany area)

4.1 Kawaya 1,360/3.690  Public
Well
Canal
Spring

12 Mhatama

Canal
Spring

AdKdafuChim 5602800 Public 10C " poorfinsufficient
- house use a
- communily 15
Spring viflage 1/common use dinty/far
830/3,000 " Public Moshi District ' péollix\sufﬁéienl B
- house use 0
- conwnunity 1
Canal vilfage CONMION UsSe pootfinsulficient
. River - €OMMON use dirtyifarfseasonal

not provided

willage & persenal

village
village

nmpronded SR

vitlage
sitfage
village

willage

viffage

2
COmimMon use
{/common use

CONENOn use

p
COMMOn use
I/common use

Common use
{fcommaon use

poorfinsulfictent
dirty/far/seasonal
poorfinsulficient

poor/finsulticient

poarfinsufficient’seasonal

poorinsullicient

peor/insuflicient’seasonal

dirty/far
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ANNEX-M
SMALL-SCALE HYDROPOWER DEVELOPMENT

1. INTRODUCTION

This annex deals the small-scale hydropower development plan for the utilisation of the
surplus water head created by the diversion channel.

Chapter 2 describes the background, basic concept of the development plan and inquire
into the reason of development.

Chapter 3 presents the selection of the No.! and No.2 powerhouse sites taking into
consideration of the topography and geology conditions and the component of power stations.

Chapter 4 and § present the preliminary design of both No.1 and No.2 power stations
including the civil works design and electro-mechanical equipment.

Chapter 6 states the implementation plan and project cost.  The required conslruction
period was estimated at 1.5 years for No.1 power station and 2 years for No.2 power station
taking into consideration the work volume. Total project cost including construction cost of
hydropower station is estimated at USS 64miillion.

Chapter 7 gives the results of economic and financial evalution.  These project

evaluation shows thal the Project with small-scaled hydropower development plan is
economically feasible and financially sound.
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2, BACKGROUND

The irrigation water abstracted from the Kikuletwa river is carried to the irrigation
command area through the diversion channel, The intake water level was set EL813.90 m at
headworks and required water level at command area is estimated at El.746.0 m, and head
between intaked level and required water level at the command arca is 68 m after determination
of morc economical route of the diversion channel as described in ANNEX-J.  The diversion
channel has a total length with approximately 24 km, of which 12 km pass a gently stoped
tableland(high land area) with ground elevation from EL.840.0 to EL.760.0 m, and then enter
into the low land area. On the route of high land area, there found two steep stope portions, one
is at 5.35 km point and the other is at 11.65 km point from beginning point of the diversion
channel. Lstimated heads are approximately 11 m at 5.35 km, and 34 m at 11.65 km points.
The structure applied these portions are chute stincture and about 45 m of encrgy head would be
dissipated without any use.

On the other hand, the main portion of the clectric power for the Kilimanjaro Region is
supplied via long-distance transinission lines from major power stations. The Kilimanjaro
region is situated at the end of the interconnected power system, so that power supply to the
region frequently suffers voltage fluctuations and transmission line faults. In other words, the
power supply is not enough and stable.

In order to secure a stable power supply o meet the increasing demand, it is necessary to
reinforce power supply sources within the region. From this point of view that it was
considered development of hydrapower scheme which would utilise the surplus water head
created by the diversion channel mentioned above,

The clectricity generation using surplus head of the diversion channcl would be created
much advantages, not only to the Project but also the socio-economy of the Study Area. The
generated electricity will be seat to the national grid of TANESCO. Electric charges getting from
customers will be paid back to the Project. The budget getting by the electricity generation
would be deposited and used for expenditure of O & M cost of the Project. In addition, this
electricity generation and clectrification for the habitants in the Project Area is much aftractive,
especiaily level up of living standard and public welfare.

M- 2



3. SELECTION OF POWERHOUSE LOCATION
3.1 Topography and Geology of Powerhouse Sites

The power stations to be constructed on the route of diversion channel are determincd
through the site reconnaissance, considering the topography condition and, geological condition.
The proposed station at upstrcam portion(5.35 km portion} is named No. 1 Power Station and
downstream one{11.65 km portion) is No.2 Power Station. The location of both stations is
shown in Figure M.3.1.

3.2 Preliminary Estimate of Development Scale

The output of a hydropower station was determined by the available head and discharge.
The head is mainly governed by the topographical features of intake and tailrace sites. As
mentioned above, the effective heads are determined by the water levels of the diversion channel.
The firm output for the both stations were preliminary estimated as foltows:

Station  Effective Firm Firm output Type of Generating
_No.  head(m)  dischargew’) W) Tubine  efficiency
1 .o 9.0 130 S. tabular 0.75
2 330 9.0 2,330 Fransis 0.80

3.3 Component of Power Station
The both power stations are composed of following structures:
(n Intake and Headrace:

Intake structure will be provided at the right side of diversion channe! with control gate.
After intake, headrace will be provided until head tank.

{(2) Head Tank:

Head tank will be provided at inlet of penstock. At inlet mouth of penstock, conlrol gate
and trash rack will be provided.

3 Penstock:

Penstock with diameter of 1,800 mm will be installed on the excavated rock bed ground
and supported by concrete saddle or protected by the concrete.

{4 Powcerhouse:

Powerhouse will be constructed on the excavated rock bed ground: Poweihouse will be
of concrete struciuee and provided machine room, control equipment room, offices and
storeroom.

(5 Gcnémting Equipment:

A propellec type turbine will be considered for No. 1 station, and a Francis turbine will be
considered for No.2 station taking into account the head and firm discharge of both stations.

(6) Outdoor Switchyard
The outdoor switchyard will be constructed at a flat space close to the powerhouse. The
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main teansformer, switching cquipnient, protection devices, and other auxiliary equipment will
be installed in the switchyard.

(N Transmission Line

The 33 kV transmission line facilities will be constructed connecting (o the Kiyungi
Substation from both power stations.

{3) Tailrace

After the powerhouse, the tilrace will be provided to connect the diversion channel.



4 PRELIMINARY DESIGN OF NO.I POWER STATION
4.1 Hydraulic Condition
(n Water Level at Head Tank

Walter is conducted to the head tank from the diversion channel, STA.No.5 +350 by
means of headrace. Water fevel at head tank is set at E1L.808.00 m.

2) Water Level at Tailrace

Water level at the tatlrace is estimated at EL 796.55 m calculated {rom water level of the
diversion channel.

(3) Effcctive Head and Firm Gutput

The firm ontpul at the time of firm dischatge is expressed by the following equation:
P=98 xQxixL

where,
P: firm output(kW)
Q: firm discharge(m'/s)
H: effective head(m)
E: total generating efficiency(0.75)

therefore, firm output of No.1 station is calculated as below.

P =98x90x11.0x0.75
= 728 kW.

4.2 Headrace Channel and Penslock

Structure of headrace is of teinforced concrete structure with 3.5 m wide and 2 m high.
Penstock is one line(inner diameter 1,800 mumn, leagth: 10m) connecting to powerhouse.
Diameter of penstock is determined considering velocity during operation(2 /s to 5 mvs). The
penstock is (o be of welded steel pipe and material will be SM 400(J1S) or cquivalent. Penstock
is installed underground and protected by reinforced concreie. Both sides of penstock will be
excavated 1o a slope of 1:0.50 and protected with shotcrete. At the connection of powerhouse
and penstock, the pipe will be embedded in mass concrete and backfilled with earth.

4.3 Powerhouse

Semi-underground powerhouse will be constructed at the right side of the diversion
channel. The lfocation was selected apart from 30 m from the chute structure of the diversion
channel to ensure sufficient distance and reduces the leagth of penstock. Powerhouse is of
reinforced construction with approximately 8 m wide and 12 m long. The elevation af lurbine
center will be EL. 796.40 m, a value determined in consideration of tailrace water level{(EL.
796.55 m) and the draft head. The clevation of the erection bay will be EL. 796.00 m in
consideration of floor level of turbine. Space will be provided for a conteol room, a unil of nain
equipment, an crection bay and overhead travelling crane, 11 KV switching equipment and
auxiliary equipment.

4.4 Electro-mechanical Equipment
(1) Number of Main Equipment

Taking into consideration of discharge characteristics between the rainy season and dry
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season, and a small part of TANESCO’s overall electric power system in the Kilimanjaro region,
a single turbine of 730 kW rated capacity was chosen as a main equipment.

(2) Selection of Main Equipment
The specific speed of a turbine is expressed by the following equation:
ns = n xP/H

where,
ns :specific speed(m-kW)
H :effective head(m): 11.0m
n rotating speed{spm)
p oaximum output(kW) at effective head I (im): 728 kW

The applicable maxinmun specific speed of a turbine is:
Ns max < 20,000/ (1H+20) + 30 = 675(in-kw)
The rotating speed of the turbine is:

ns = (Ns max x H¥) /P = 501.2 rpm.

The turbine rotating speed should therefore not exceed 501.2 rpm.

The synchronises rolating speed of the gencrator dicectly coupled to turbine is 600 rpm,
the standard applicable rotating speed at 50 Hz. The specific speed(Ns) of the turbine under
such conditions will be as follows:

Ns = N x P2 /H* = 802 (m-kW)

As below chart indicates, a propeller lype best compiles with this specific speed.
Therefore, a propeller-type Wrbine is most suited to satisfying the basic specifications described
above. Such turbine may be classified into tubular wrbine or Kaplan turbines. For reason of
economy and casy operation and maintenance, a horizontal-shaft S-type tubular with fixed-
blade runners was selected.

Specific speed  [m-¥W)
P 200 400 600 800 1000

|- Pellon turbine 12 SNs 525
— NSNS — Froncis lorbine 60 S Ns S 300

- SR - Cross flow furbire 40 SN 5200 —---

- e o R
PropeHer furbine 250 X Ny £ 1000
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‘the specifications of main clectro-mechanical equipment for the No. | station are as
follows:

1} Turbine
Type . Horizontal-shafl , S-type tubular turbine
Number of unit 2 1 unit
Effective head 110 m
Firm discharge :9.0m's
Rated capacity 1720 kW
2} Generator
Type : 3-phase, AC, synchroniscs generator
Number of unit : 1 unit
Capacity 1850 kVA
Frequency :50Hz
3) Main transformer
Type : Out-door, 3-phase, scif-cooled
Number of unit : 1 unit
Rated capacily : 850 kVA
Rated voliage 1333 kV

4.5 Main Circuit

A low-voliage synchronised system for parallel-in of the generator is to be adopted to
ensure apply of station service power, The main transformer will be of an outdoor type and will
be installed in the outdoor switchyard near powcrhouse. The powerhousce and switchyard are to
be connected by a circuit of 11 XV overhead line.

4.6 Outdoor Switchyard

The owtdoor switchyard is o be constructed at a flat space close to the powerhouse. The
main transformer, 33 kV switching equipment, protection devices, and instrument transformers

are to be installed in the switchyard. Operation and monitoring of the switchyard will be
executed at the control board in the powerhouse.

4.7 Transmission Line

The 33 kV transmission line facilily to be newly constructed are outlined below:

Line voltage 133 kv

Electrical system : 3-phase, 3 wire

Frequency : 50 Hz

Conductor : Wolf

Insulator : 33 kV pin type insulator
Line length : 8 km to Kiyungi sub-station
Support : Wooden pole

The general layout of the No.1 Power Station is shown in Figure M.4.1 and layout of
transmission linc is shown in Figure M.4.2.
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) PRELIMINARY DESIGN OF NO.2 POWER STATION
5.1 Hydraulic Condition
(N Water Leve! at Head Tank

Water is conducted to the head tank from the diversion channel, STA.No.12+650 by
means of headrace. Water level at head tank was estimated at EL.789.3 m.

(2) Water Level at Tailrace

Water level at the tailrace was estimated at EL. 755.5 m calculated from water level of the
diversion channel.

(3) Effective Head and Firm Output was calewlated in the same manner with No.1 station.

P=9.8 x 9.0 x 33.0 x0.30
=2,328 kW.

5.2 Headrace Channel and Penstock

Structure of headrace is of reinforced concrete structure with 3.5 m wide and 2 m high.
Penstock is one fne(inner diameter 1,800 mm, length: 65m) connecling to powerhouse.
Diameter of penstock is determined considering velocity during operation, The penstock is to be
of welded steel pipe and material will be SM 400{JIS) or equivalent. Penstock is installed on the
excavated rock and concrete anchor blocks are to be provided at the bend point of penstock.
Both sides of penstock will be excavated to a slope of 1:0.50 and protected with shotcrete. At
the connection of powerhouse and penstock, the pipe will be embedded in mass concrete and
backfilled with earth.

5.3 Powerhouse

Semi-underground powerhouse will be constructed at the right side of the diversion
channel. The tocation was selected apart from 30 m from the chute structure of the diversion
channel to ensure sufficient distance and reduces the lenglh of penstock. Powerhouse is of
reinforced construction with approximately 13 m wide and 20 m long. The elevation of turbine
center will be EL. 755.5 m, a value determined in consideration of tailrace water level(EL.
755.5 m) and the draft head. The clevation of the erection bay will be EL. 754.2 m in
consideration of floor level of wrbine. Space will be provided for a control room, a unit of main
equipment, an crection bay and overhead travelling crane, 1 kV switching equipment and
auxiliary equipment as well as No.1 station.

5.4 Electro-mechanical Equipment
(D Number of Main Equipment

Taking into consideration discharge characteristics between the rainy season and dry

season, and a small part of TANESCO’s overall electric power system in the Kilimanjaro region,
a single turbine of 2,300 kW rated capacity was chosen as a main equipment.
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(2)  Sclection of Main Equipment
The specific speed of a turbine is expressed by the following equation:
ns =nx p”/H"
where,

ns  :specific speed(m-kW)

H s effective head(m): 33.0m

n : rolating specd(rpmy)

P : maximum ouput(kW) at effective head 1 (m): 2,328 kW

The applicable maximum specific speed of a turbine is:

Ns max< 20, 000/(H+20) + 30 = 397 (m-kW)
The rotating speed of the turbine is:

ns = (Ns max x H"*)/p"? = 650.8 rpm.

The turbine rotating speed should therefore not exceed 650.8 rpm.

The synchronises rotating speed of the generator directly coupled to turbine is 600 rpm,
the standard applicable rotating speed al 50 Hz. The specific speed(Ns) of the turbine under
such conditions will be as follows:

Ns = N x p'?/ H" = 366 (m-kW)

As shown in chart in 4.4, chart indicates a Francis type best compites with this specific
speed. Therefore, a propeller-type horizontal shaft Francis turbine is to be selected.

The specifications of main electro-mechanical equipment for the No.2 station are as
follows:

1) Turbine
Type : Horizontal-shaft Francis
Number of unit : I unit
Effective head :33.0m
Firm discharge :9.0m'fs
Rated capacity 12,300 kW
2) Generator
Type : 3-phase, AC, synchronises gencrator
Number of unit » 1 umit
Capacity 12,700 kVA
Frequency :50 Hz
3) Main transformer
Type : Qut-door, 3-phase, selt-cooled
Number of unit 1 unit
Rated capacity 12,700 kVA
Rated voltage D33 kV
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5.5 Main Circuif

A low-voltage synchronised system for parallel-in of the generator is to be adopted to
ensure supply of station service power. The main transformer will be of an outdoor type and
will be installed in the outdoor switchyard near powerhouse. The powerhouse and switchyard
are to be conneeled by a circuit of 11 kV overhead line.

§$.6  OQutdoor Swiichyard

The outdoor switchyard is to be constructed at a {lat space close to the powerhouse. The
Muain transformer, 33 kV switching equipment, protection devices, and instrument transformers
are o be installed in the switchyard. Operation and monitoring of the switchyard will be
executed at the control board in the powerhouse.

5.7 Transmission Line

The 33 kV transmission line facility to be newly constructed are outlined below:

Line voltage 133 kv

Electrical system : 3-phase, 3 wire

Frequency : 50 Hz

Conductor : Wolf

Insulator : 33 kV pin type insulator
Line length : 3 km to Kiyungt sub-station
Support : Wooden pole

The general features of No.1 and No.2 power stations are summarised as follows:

No. 1 Power Station

No.2 Power Station

Description

1. ii)‘draulic condition

-1. Firen discharge{m*/s) 9.0 9.0
-2. WL, at head tank{m) 808.00 789.30
-3 WL at tatlrace{m) 196,55 755.5
-4, Effective head(m) 11.0 130
2. Penstock
-1, Diameter{mm) 1,800 1,800
-2 Length 10.0 65.0
3. Fimi output(kW) 728 2,328
4. Electro-mechanical Equipment
-1. Tugbine
Type S-type tubular Francis
Unit ! 1
Rated capacity (kW) 720 2,300
-2. Generator
Type 3.p, synchronise 3-p, synchronise
Unit H 1
CapacitytkVA) 850 2.700
-3, Main transformer
Type Outdoor, 3P clf-could
Unit l i
Capacity (KVA) 850 2700
Rated voltage H /33K 11 33KV
-4, Transmission line
Voltage 11733 kY 11733 kV
Lengih to Kiyungi sub-station 8 km Ikm
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6 IMPLEMENTATION PLAN AND CONSTRUCTION COST
6.1 Implementation Plan

The implementation plan of No.1 and No.2 hydropower stations will be prepared
considering the effccts to regional economy and benefit occurrence in early stage of the project
implementation. Tt is thus proposed that No.1 power station be constructed in the Phase-I
stage and No.2 power station in the Phase-1.

The required construction period is estimated at 1.5 years for No. 1 power station and 2
years for No.2 power station as shown in Figure M.6.1.

6.2 Construction Cost

Construction cost is estimated under the same condition of other facilitics as described in
Anncx-O.  Construction cost of No.1 power station is 2.8 million US$ and No.2 power
station is 4.6 million USS. Breakdown of the construction cost for No. i power slation and
No.2 power station are given in Table M.6.1 and M.6.2, respectively.

6.3 ‘otal Projeci Cost

Total project cost including construction cost of hydropower station is estimated at
64mitlion US$ as shown in below table.

Total Project Cost

Work Description Forcign Curiency Local Currency Total

o _(1,bo0USH) (million Tsh.}) (1,000 US$)
(1) Phase-1

-Headworks 2,597 429 3,289

-Diversion channcl 8,454 1,485 10,850

-No.2 hydropower station 3,975 369 4,570

-Existing Lowce Moshi Arca 1,434 892 4,874

Phase-1 Total 18,460 3175 23,583
{2) Phase-It

-Bxtension & Expanded Arca 11,388 2,616 15,606

-No.1 hydropower station 2,436 201 2,760

Phase-11 Totat 13,824 2,817 18,366
(3) O&M equipment 1,500 - 1,000
{4) Project administration cost - 632 1,020
(5) Engincering services cost 4,400 682 5,500

Sub-total (1) to (5} 37.684 7,306 49,469 -
{6} Physical Contingency 3,768 131 4,947
(7) Price Contingency 3,149 4,197 9,920
(8) Total Project Cost 44,602 12,234 64,1306

The disbursement schedule of the project cost is also prepared as shown below.

Disbursement Schedule

e L Pwsicll New
o }998 1999 2000 2001 2002 2003
{1) Construction Cost 0 12.340 11,243 8371 5.918 4,057
(2) O%M Equipment 0 0 500 0 0 500
{3) Project administration cost 170 170 170 170 170 170
(4) Engineering Service Cost 734 1,393 1,393 660 660 660
{5) Physical Contingency 90 1,390 1,331 677 539
(6) Price Contingency 0 939 1,873 2,251 2,184 2,473
Total 994 16,232 16,510 12,372 9,829 8,399
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6.4 Project O&M Cosl

O&M cost in each stage of project implementalion and respective organizations are
estimated as follows:

Q&M Cost

{tem 151 Stage o dStage
. RADP Farmers Organization KADP _ _ FarmersOrganization
Satary for project stalf 40.7 - 1.3 12.1
Operation cost of office 22.3 - 1.1 3.7
O&M equipment 29.0 . 29 20.1
Labor wage 29 4.1 0.2 50
Material cost 1.4 1.5 0.4 1.9
Opceation cost of power 30.80 - 30.80 -

Total 128.8 5.6 56.7 48.8
TFotal in cach stage 124.4  (US5216,800)=US346/Ma 105.5 (US$117,200)=US$36/ha

6.5 Replacement Cost

Tiems of replacement cost for hydropower station are hydro-mechanical equipment such
as turbine, generator and penstock. Tabulated below are the useful life and its replacement
cost.

Replacement Cost and Useful Life

Equipment Useful Life Replacement Cost
e o byean (1,000US83)
(1) Penstock, turbine, generator for No.1 Power Station 50 2,045
(2) Penstock, turbine, gencrator for No.2 Power Station 50 3.400

6.6 Water Charge

The O&M cost and replaccment cost of O&M equipment and clectro-mechanical
equipment will be collected from the beneficial farmers as a water charge, which will be used
for operation, mainienance and management of the Project.  The replacement cost of O&M
equipment is estimated at US$ 54 /ha.  Thus, the water charge comes to US$ 100 /ha at the 1st
stage and USS 90 /ha at the 2nd stage.
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