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ANNEX -}
WATER SOURCE DEVELOPMENT

I INTRODUCTION

This Annex presents the studies for the water source development plan, which describes
candidate water source, water balance study to delincate the beneficiary arca as well as the
hydrological impact for downstream reach of the Study Acea.

Chapter 2 indicates the basic approach for water source development, putling the first
priority on the utilisation of the existing water source to the maxinum extent, and exploiting a
new source for (he supplementary purpose .

Chapter 3 discusses the candidate new waler source, concluding that the Kikuletwa river
is the most promising waler source.

Chapter 4 indicates water demands for both irrigation and domestic water, which will be
used to determine the project development scale.

Chapter 5 presents the water balance study, showing the condition of the study, irrigable
area for cach water source.  The development scale af the Project were determined based on
the available water source and the water demands.

Chapter 6 mentions the change of the river discharge with the project, comparing the
discharge with project with the those before the project implementation. I also stresses thal
the some river flow can be released downstream even after implementation of the Project .

Chapter 7 analyses the effects to the Nyumba Ya Mungu Reservoir, where is located
downstream of the Study Area, simuhating the reservoir opervation study. s concluded tha
water abstraction for the project w will never obstruct the dam operation.

Chapter 8 describes the optimum scale of water source facilities including locations of the
headworks and the diversion channel, type of the weir, method of canal lining.

Chapters 9 and 10 presents the engineering design of the headworks and the diversion
weir, such as design condition, feature of the facilities.



2 BASIC APPROACH FOR WATER SOURCE DEVELOPMENT

The Njoro and Rau rivers have been exploited at the water source for the Existing Lower
Mosht Project Area. However, recent vigorous paddy cultivation in upsiream areas has
preferentially used water of these rivers from its advantageous location, therefore the Existing
Lower Moshi Project Area has been obliged to be in a constant water shortage. In order to
save the Existing Lower Moshi Project Area from water shortage, and also-to release the
surrounding areas from unstable rainfed cultivation and domestic water insufficiency, it is
essential to look for a new additional water source near these areas, say the Study Area.

The basic approach for formutation of the water source development plan, is as follows:
(a) First priorily shall be placed upon the maximum use of the existing water sources of the
Njoro and Rau rivers.

(b) The water deficit afler the maximum use of the existing water sources shall be
supplemented through exploitation of new water sources, to minimise the cost.

{c) The exploitation of new water sources shall be considered from the viewpoint of
application of gravily irrigation to the Study Area.



3 CANDIDATE NEW WATER SOURCES

These are five rivers flowing near the Study Area : the Kikuoletwa river, Kikafu river and
its tributaries: such as the Karanga, Weruweru and Kware rivers.  Those rivers are considercd
as candidate new water sources. Hydrological analysis has been made for those rivers as
shown in Section 3.3. The result showed that except the Kikuletwa and Kikafu rivers, the
rivers have runoff as small as 20 to 40 million m® in a year. In addition, those are seasonal
rivers and their discharge becomes very small in the dry season. Judging from water
availability, the possible new water sources would be narrowed down to the Kikuletwa and
Kikafu rivers. The Kikuletwa river has a minimum monthly discharge of 10 m'/s at as
observed at IDD54 because much spring water flows into the Kikuletwa river.  On the other
hand, the Kikafu river shows a consklerable annual variation in runoff, reflecting rainfall
pattern, and its mean monthly discharge becomes 1.5 mn*/s only in October at IDD8 whereas it
is 18 m'/sin May. It means that the Kikafu river could not be expected as a new water source
if a dam with a regulatory capacity is not available.

All the five rivers have been preliminarily examined about a possibility of construciing a
dam with a regulatory function, using the available topographic map on a scale of 1/50,000 and
through site inspection. The Kikuletwa river originates Afrom the Mt. Meru, and the Kikafu
river and its tributaries from the Mt. Kilimanjaro. Those rivers flow on the highland vastly
extending al the foot of the said mountains. The highland, which geologically consists of tuff
breccia, has a comparatively flat surface. The Kikuleiwa and Kikafu rivers form a v-shaped
river course in the highland due to steep riverbed gradient.  Such topographic and
morphological conditions do not present any suitable dam site where the expected reservoir
capacily can be created.
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4.1

(a)

(b)
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(d)

4.2

WATER DEMAND

Irrigation Water

Water demand for irrigation use in the Study Area, is estimated as shown below:

Rainy season paddy :
(Unit : ¥s/ha)

Item San. Feb. Mar. Apr. May Jun, Jul.
Area - 1 0.1 1.2 2.2 1.9 1.8 1.0 0.1
Area-2 0.1 1.4 2.3 2.0 1.8 1.0 0.1

Area -1 : Upper Mabogini, Lower Mabogini {apart), and Expended Area
Arca-2 ! Remaining area of Existing Lower Moshi Project Area and New Extension Area

Dry scason paddy
{Unit : Ys/ha)

Item Jul. Aug. Sep. Oct. Nov. Dec. Jan,
Area- 1 0.1 1.6 2.1 23 2.2 1.2 0.2
Area -2 0.1 1.2 2.3 2.4 2.3 1.2 0.2

Arez - 1 @ Upper Mabogini, Lower Mabogini (a part), and Expanded Area
Area -2 : Remaining area of Existing Lower Moshi Project Area and New Extension Area

Alfalfa
{Unit : Usha)
Item Oct. Nov. Dec. Jan. Feb.
Area - | 0.3 1.0 1.2 1.3 0.4
Area -2 0.3 1.0 1.2 1.4 0.5

Area- 1 : Upper Mabogini, Lower Mabogini (a part), and Expanded Area
Area- 2 : Remaining area of Existing Lower Moshi Project Area and New Exiension Area

Pilot farm and sugar estate

The pilot farm including KATC and sugar estate shall be supplied with irtigation water
atarate of 130 Vs and 70 Vs, respectively.

Domestic Water

The required domestic water quantity is calculated based on the forecast population and

livestock in 2015, The results are as follows:

Itern Calculation Demand

Human use 35,400 pers. x 50 Utay 186,400 = 20Ys

Caitle 40,300 heads x 20 Uiday /86,400 = 91/s
_ Gomis andsheep  97,100heads x 3 Uday /86,400 = 3 1Us o
Total 32ls say40Ys




5  WATER BALANCE STUDY
5.1 Conditions of the Water Balance Study

A water balance study was conducted based on such river discharge data, as those of the
Rau, Njoro, and Kikuletwa rivers, and the water demand estimated above, to assess the
irrigation area relative to the available water source.  The schematic chart of the Study Area and
the basic condilions applied in the water balance study are shown below.
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Water Source for céch Area

Based on the field investigation in Phase-1I study, the water source for each arca was
determined as shown below.




] Arca ~ Primary Water source Sccondaty Water Source
Kaloleni Njoro river with springs h -
Mandaka Mnono Mwanangurue Spring Rau river
Mabogini - Njoro River Kikuleiwa River
Rau Ya Kati, Chekereni, Oria  Rau River Kikuletwa River
Mezkuja, Mvuleni Kikuletwa River -

In the Kaloleni, three intake weirs will be constructed near springs while one intake will
be on the Njoro River. The Mwananguruwe spring, the primary water source for the
Mandaka Mnono area, will be fully utilised for irrigation in the area, supplementing water
from the Rau River in the event that the water demand exceeds the discharge of the spring.
Thus, an intake weir will be proposed on the Rau River in the Rau Forest Reserve.

The Existing Lower Moshi Project Area, Mabogini, Rau Ya Kati, Chekereni, and Oria,
will depend primary water source on 'the Rau and Njoro rivers, aiming to the maximum
utilisation of their water source.  Secondary, the water deficit after the maximum vse of
the rivers will be supplemented from the Kikuletwa River, constructing a new intake
facility and a diversion channel.

The irrigation water of the extension area, such as Mtakuja and Mvuleni areas, will be
diverted from the Kikuleiwa River.

Discharge Records

The discharge records used for the water balance study are outlined below.

Description Records Used
Northern Kaloleai  Qkatin  Inflow at intake site Qkak in =30 I/s from the field investigation
Quatin Diversion water requirement  Ckal ire = Unit water requirement x Irrigated area
Qkal out  Overflow at intake site kat out = Qkal in - Qkal irr
Fastern Kaloleni ka2ia  Inflow atintake site Qka2 in =100 s from the field investigation
Qka2irr  Diversion water requirement  Qka2 ire = Unit water requirement x Irrigated area
ka2 oat  Overflow at intake site ka2 out = Qka? in - Qka2 irr
Southern Kaloleni-1 ka3in  Inflow at intake site (ka3 in =80 /s from the field investigation
Ra3irr  Diversion water requirement ka3 irr = Unil water requirement x lerigated area
Qkal out  Overflow at intake sile Ckal out = Qka3 in - Qkal irr
Soubhern Kaloleni-2 Qkadin  Inflow at intake site (kad in = Estimated Monthly discharge at 1DC35
Qeatier  Diversion water requirement  Qkad irr = Unil water requirement x lerigated area
(Xxafout Overfllow at intake site (ka4 out = Qkad in - Qkad irr '
Mabogini OQwain:  Inflow at intake site Qma in = Estimated Mabogini intake discharge - Qkal inr
- ka2 irr - Qkad ier - Qhad irc :
Qi Diversion water requirement  Qma irr = Unit water requirement x Trrigated area
Qmaout  Overflow at intake site Qmaout =Qma in - Qmairr
MandakaMnono  Qinmlin: Inflow at intake site Qmml in =300 Vs from the field investigation
(Primary) Qmmd ier: THversion water requirement  Qumml irr = Unit water requirement x Errigated area
Quunt cut Overflow at intake site Qi out = Qmm! in - Qmml inr
Mandaka Mnono  QuwnZin Inflow atintake site Qmm2in = Estimated monthly discharge ai IDCS
(Sccondary) Qrnizirn: Diversion water requirement  Qmm? irc=Qramt ise - Qmanl in if Qmm1 icr > Qmm! in
Quium2 ot Overilow at intake site Qmm2 out = Qmm2 in - Qram2ise :
Rau Ya Kati Cxkin Inflow at intake site (ki in = Estimatedinonthly discharge records of the Rau
River at confluence with the RNjoro River - Qmm! irr:
"+ Qmaoul
Qrkier Diversion water requirement  Qrk irr=Unit water requireinent x Irrigated area
e Orkow  Overflow atintake site Qrk out = Qricin - Qrkire :
Kikuletwa Xiin Inflow at intake site Qi in = Monthly discharge records at I1DDS4
Quiire Diversion water requirement Qi i = Unit water requirement X lerigated arca
S Quiowt  Overflow at intake site Qi3 = Qkil - Qki2

J.
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5.2

The monthly records from 1967 to 1992 (26 years) were used for the study taking into
consideration the availabitity of the discharge data.

Cropping Pattern

The proposed cropping pattern was set for the water balance study as shown below.

Rainy scason _ Dry season B
paddy 100%  paddy 50%, alfalfa 20%

Iirigable Area
According the land use plan, the maximum irrigable arca was sct as follows:

Arca Name Maxsmum Irrigable
— e Awathyy
Expanded Arca Mandaka Mnono 360
Kalolen 160
Northern Kalolent 4
Eastern Kaloleni 27
Southern Kaloleni-{ 32
Southern Kaloleni-2 37
Existing Lower Upper & Lower Mabogini 885
Moshi Arca Rau Ya Kati & Ona o 1L265
Extension Area 2,400
Total 5,010

Aiming al the maximum usc of available water source, the imigable area of ecach
abstraction point were estimated.  The irrigable area in the rainy season was set up as
irrigation area.

Result of the Water Balance Study

Based on the aforementioned conditions, the irrigation area with a 80% dependability was

estimated for both the Rau and Njoro Rivers, and the Kikuletwa River.  The study results are
suminarised below:

Trrigable Area por Water Source

(Unit : ha)

Area _ River  Abstraction point __Rainy season  Dry season
Expanded Arca Rau Mandaka Mnono 360* 252

_ Njoro Kaloleni** SR L. Y .
Existing Lower  Njoro Mabogini Intake Weir 257 180

Moshi Ara  Raus Rav Ya Kati Intake Weir 160 294
Extension Area Kikuleiwa o 4,133 2,711
Total 5010 3.507

Note : * Maximum Dc\'c!opﬁ;B-[A;ea. *+ Total of 4 systems
70 ha of sugar estate and 80 ha of KATC farm can also be irrigated.

The water balance study results indicate that the whole area of 5,010 ha would be

irrigated in the rainy season and 3,507 ha in the dry season.

The diversion water requirement at each location is shown below.



Diversion Water Requirement

(Uit : m¥s)

. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. | Sep. Oct. Nov. Dee.

Northern Kaloleni 000 001 001 001 001 001 000 0.00 0.01 0.01 001 0.00
Eastern Kaloleni 001 004 006 005 005 003 001 002 9003 003 004 002
Southern Kaloleni 1 0.02 0.04 007 006 006 0.03 001 003 0.03 004 004 003
Southern Kaloleni2 0.02 005 008 007 007 004 001 003 004 004 005 003
Mabogini 0.19 040 0.64 056 053 033 011 028 034 038 041 029
Mandaka Mnrono 0.17 046 079 069 0065 036 006 029 0338 044 047 030
Rau Ya Kati 0.17 023 035 029 027 0.16 004 034 044 051 055 035
Kikuletwa 205 634 9.67 843 760 430 077 249 462 504 539 3142

It is remarked that, on the Kikuletwa River, the diversion water reqmrémcni in March and

November exceed the dischargc applied by the provisional water right of the Project, 9 m's in
the rainy scason, and 5 m'/s in the dry season.
repeatedly so that the diversion water requirements on the Kikuletwa River are not more than
that indicated in the water right application.

Iirigable Area per Water Source

The final results are shown below:

(Unit : ha)

Ara  River Abstraction point Rainy scason  Dry season
Expanded Arca Rau Mandaka Maono 360+ 252
Njoro Kaloleni** 100* 0
Existing Lower  Njoro Mabogini Intake Weir 257 180
Moshi Area Rau Rau Ya Kati Intake Weir 160 294
Extension Area  Kikuleiwa 3,823 2,494
Total 4,700 3,290

Note : * Maximum Development Areq, *# Total of 4 systems
70 ha of sugar estate and 80 ha of KATC farm can also be inigated.

The water balance study results indicate that the whole area of 4,700 ha would be

irrigated in the rainy season and 3,290 ha in the dry season.

The diversion water requirement at each location is showa below.

Diversion Water uirement

Thus, the balance study was carried out

e (Unil : m¥s)
o Jan. Feb. Mar. Apr. May Jun.  Jul. Aug. Sep. Oct. Nov. Dec.

Nerthern Kaloleni 000 00! 00F 001 001 001 000 000 001 001 001 000
Eastern Kaloleni 001 004 006 065 005 003 00! 002 003 003 004 002
Southern Kaloleni ' 002 0.04 0.07 006 006 003 001 003 003 004 004 003
Southern Kaloleni2 002 0.05 008 0.07 007 004 001 003 004 004 005 0.03
Mabogini 0.19 040 064 056 033 033 011 028 034 038 041 0729
Mandaka Moono G.17 046 079 069 065 036 006 029 0.38 044 047 030
Rau Ya Kati 0.17 023 035 029 027 0.6 004 034 044 051 0.55 0.35
Kikuletwa 1.0 587 896 781 7.04 399 072 230 426 465 497 316

Taking into consideration effective operation of the small-scale

dry season from June to November.

The results of the balance stady of the Mabogini, Rau Ya Kati, and Kikuletwa with the

above figures are preseated in Figures 5.1 t0 5.3.

hydropower at ihc
diversion channel, il is proposed lhc diversion from the Kikuletwa River will be set at 9 m'/s

throughout the year, and then 4 m'/s will return the Kikuletwa river via the Kikafu river in the



5.3 Delineation of the Project Area

After estimating the maximum irrigable arca per abstraction point as mentioned in the
previous sections, a study on water atlocation from the water sources, the Rau and Njoro rivers,
and Kikuletwa river, was carried out as described in this sub-section. Firstly, the Expanded
Arca and the Existing Lower Moshi Area are to be irrigated by water from the Rav and the
Njoro rivers. Sccondly, the Existing Lower Moshi Area is to be developed with water from
the Kikuletwa river so as to attain the maximum development of the area.  Finally, the
remaining water from the Kikuletwa river would be utilised to irrigate the Extension Arca.
The following tables present the calculated irrigation development arcas by area and water
source.

Irrigation Development Area by Area and Water Source

{Unit : ha)

Area ___Rainy season (paddy) | Dry scason (paddy + alfalfa)
Rau & |Kikuletwa| Total Rau & [Kikuvletwa| Total

Njoro Njoro
Expanded Arca  EMandaka Mnono 360 0 360 252 0 252
Kaloleni 100 0 100 70 a 70
Existing Lower |[Mabogini 257 628 885 180 4403 620
Moshi Area Rau Ya Kali 160 1,105 1,265 294 53 885
Extension Area 0 2,050 2,090 0 1,463 1,463
Total 877 3,823 4,700 796 2,494 3,290

Note: Following areas can also be imrigated:

70 ha of sugar estate by the Mabogini Intake
50 ha of KATC farm by the Kikulciwa Intake



6 RIVER DISCHARGE CHANGE WITH THE PROJECT
6.1 Change of River Discharge

This sub-section describes the cllahgcs in the Kikuletwa river dischargc after
implementation of the Proj’cci. The diverted discharge from the intake sitc is 9 m'/s from
December to June, and 5 m’/s from July to November.

The changes of river discharge at IDD54 and IDDI are illustrated below,

The mean
Moo e R S = minimum flow, which
may take place in
February, at the IDD54
station will be decreased
to 2.9 m’/s compared to
remeee e 15 1 onts 1£.9 m'/s at present.
S SN AN o, SR, SRR e emsbetaamsrenad The fnean annual
discharge will be also
decreased by 7.4 m'fs,
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and 7.7 m's  after

completion of  the
®-— Mipimum monthly discharge = 29 mls Pr(}ject‘
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The monthly mean minimum flow of the Kikuletwa river, in surnmary, is graphed below.
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6.2 Water Use Downstream of Abstraction Points

There exist two villages, Kiruani and Chemchem, between the junction point of the
Kikuletwa and Kikafu rivers, and the reservoir of Nyumba Ya Mungu dam. The results of
interview with villagers indicate that the Kikuletwa river is presently used for maize cultivation,
but not paddy cultivation. Paddy cultivation has been discontinued since 1994 bccause
priority has been placed upon production of maize as staple food. Domestic water for 300
familics is obtained from the spring located at the hill foot through a tap systein installed by the
Regional Water Office.

On the other hand, it has been found that the Chemchem village with 450 familics in total,
cultivates paddy on about 500 acres conslantly using the Kikuletwa river. Further, as
menlioned in Annex A, the provisional water right for the irrigation are was applied in May,
1997, ensuring 100 Vs of irrigation water from the Kikuletwa River at the Maitu wa Tembo
Village in the Arusha region. However, the sum of the water abstraction will be within the
minimum monthly discharge of the Kikuletwa River even the Project will be implemented.

From these results, it is deemed that any problem would not occur in these arcas after
water abstraction from the Kikuletwa river for the Study Arca.
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7 EFFECT ON THE NYUMBA YA MUNGU RESERVQOIR
7.1  Water Balance Model for the Reservoir

A water balance study was careied out based on the Kikuletwa river discharge data and
the water demand estimated above, to assess the utilisable water sources for the Study Area
taking into account present water use in downstream areas.

In order to perform the water balance study, a water balance model was prepared as
described below.

" TN TY
=~
\“

o I°

: Q4
Evaporation
Nyumba Ya Ruvu R.
Mungu
S : Scepage J’ Reservoir (Q2
s
Q35 crg;’
g
~
Waler Balance Model for Nyumba Ya Mungu Restrvoir

The following formula was used for preparing the water balance modet:

S2-81=Q1+Q2+Q3+Q4-Q5-E-S

Where,

St : Dam storage at the beginning of the month

S2: Dam storage at the end of the month

Ql: Inflow from the Kikuletwa River

Q2: Inflow from the Ruvu River

Q3: Return {low through groundwater after irrigation
Q4 Inflow from area downstream of 1DD1

Q5: Outitow from the dam

E: Evaporation from the reservoir

S: Secpage from the reservoir

Each parameter is described below:

Q1 : Inflow from the Kikuletwa River

First, the cstimated mean monthly discharge at the IDD1 gauging station in the last ten
years was used for the water balance study as shown below.
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Estimated Kikuletwa River Discharge at IDD1 1987 - 1996

(Unit

: ms)

Year

1987
1988
1989
1990
1991
1992
1993
1994
1995
1996

Jan.

Feb.

Mar.

Apr,

May

Jun.

Jul,

Aug.

Sep.

O,

Nav.

Dec.

15.60
12,28
16.49
i8.61
£3.47
13,52
24.17
12.10
13.75
12.62

12.80
12.18
15.59
14,25
13.23
13.48
22.14
12.4%
12.37
13.31

18.84
16.37
13.76
3515
15.75
12.26
14.81
18.42
14.12
14.56

22.03
55.94
44.60
68.01
21.46
41.93
16.92
21.58
46.34

46.62
41.83
75.02
30.18
55.24
51.85
21.06
49.24
60.70

23.75
28.10
41.76
41.50
28.72
34.39
15.01
2176
40.25

(66.76 69.89 38.90

14.21
20.01
25.32
21.17
16.44
20.41
£5.32
£5.90
20.00
23.43

15.33
14.66
18.39
16.30
14,36
16.63
13.39
£3.21
14.78
16.64

13.49
14.99
15.97
14.10
14.80
13.97
11.60
12,73
13.56
14.54

12.88
14.10
13.60
13.68
14.04
12.66
12.12
13.29
13.40
12.49

12.55
15.49
16.40
20.94
15.15
13.78
12.17
14.05
12.84
13.59

12.29
15.27
20.07
17.02
19.89
13.98
12.22
22.15
13.08
12.38

Secondly, the inflow from the Kikuletwa river to the
subtracting the water quantity abstracted for the Study Area.

Q2 In'ﬂow from the Ruvu River

reservoir can be estimated by

The estimated mean monthly discharge at the IDCY gauging slation in the last ten years
was used for the water balance study as indicated below.

Estimated Ruvu River Discharge at IDCL 1987 - 1996

(Unit : m¥%s)
Year Jan. Feb. Mar Apr.  May Jun. Jul. Aug. Sep. Oct. Nov. Dec.
1987 12.81 10.186 7.23 13.12 3635 1702 1467 1255 9313 842 515 526
1988 217 858 4.11 13.12 2543 18.62 12.33 11.02 8.85 342 5.15 1022
1989 850 858 7.16 13.12 2543 1862 1233 11.02 8§85 8§42 5.15 1022
1990 850 858 7.16 13.12 2543 18.62 1233 11.02 885 842 5.15 1022
1921 577 858 7.16 1273 24.54 2468 17.20 1679 1294 974 233 1259
1992 1008 563 536 13.09 3004 1587 12.11 1043 6.64 842 876 1022
1993 17.05 1393 1079 897 1086 1862 842 854 793 801 506 10.19
1994 488 548 7.16 1046 24.76 16.12 10.61 932 876 857 6.58 19.26
1995 1091 532 7.60 11.69 23.65 18.73 11.80 1083 8924 8.3 434 727
1996 432 605 7.35 21,73 27.89 1928 i1.52 873 764 7.67 385 673

4 : Inflow from the Residual Area

The inflow from residual area downstream of 1DDI, some 800 km? in catchmenl arca, is

1o be considered.

It is estimated as follows:

Catchment area of the residual area (km?)
Monthly rainfali at Nyumba Ya Mungu Dam {mm)

o4— CASRe1000e
3640030
Where,
CA
i
f: Runof(Cocfﬁcienl

The runoff coefficient of the area is estimated at 30 %, taking into consideration the

relation between monthly discharge and areal rainfall of the Ruvu river basin.

estimated discharge is as follows:
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Bstimated Discharge from Residual Area, 1987 - 1996

7 {Unit : m¥s)
Year Jan. Peb. Mar. Apr.  May fun.  Jul.  Aug. Sep.  Ocl. Nov. Dec
1987 000 0.00 0.60 6.1t 7.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1988 0.00 0.00 1421 6.91 ©0.00 0.00 0.00 0.00 0.00 0.00 4.67 0.00
1989  5.65 0.00 471 15.20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 S5.11
1990 5.06 0.00 17.48 13.24 9.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1991 0.00 0.00 000 5.46 520 0.00 000 000 000 0.00 0.00 0.00
1992  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000 0.00 7.41
1993 0.00 6.21 0.00 0.00 000 0.00 0.00 0.60 0.00 0.00 0.00 0.00
1994 000 0.00 618 8.15 0.00 0.60 000 060 000 0.00 0.00 10.9%
1995  0.00 0.00 13.68 10.64 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1996 572 5.88 4.98 631 0.00 000 000 000 000 0.00 0.00 0.00

0S5 ; Quiflow from the Dam

The discharge records from 1971 to 1987 of the gaugmg station named ID8C, which is
located some 2 km downstream of the dam, were collecled from the Regional Water
Office.  As for flow (o be released to the downstream reach, in respond to the i mqulry by
the JICA Study Team, the water office of the water office replied that that is 14 m'/s.
This discharge data was adopted for the water balance study.

E : Evaporation from the Reservoir

Mean monthly evaporation data from the Chekereni slation are uscd for evaporation from
the teservoir.  The FAO, Irrigation and Drainage Paper No. 27, Agro-Meteorological
Ficld Stations, explained that the evaporation from the lake would be generally about
70 % of that of Class A pan, duc to the slorage of heat in the large water volume of the
lake which results in evaporation not being in phase with climatic, and advective heat
difference between lake and pan.  On the other hand, average daily evaporation in the
country ranges from 5 to 6 mm/day, and that for Chekereni is estimated at 5.3 mm/day.
If that al the Nyumba Ya Mungu reservoir is 6 mm/day, the evaporation from the
reservoir would be 4.2 mm/day which is lower than at Chekereni.  From these study
results, it could be said that the use of cvaporation data al Chekereni would be more
conservative for water balance study.  The evaporation data at the Chekereni station are
shown below,

{Unit ;: mm/d)
B Monlh ~Jan. Feb., Mar. Apr. May Jup. Jul. Aug. Scp. Oct. Nov. Dec.
l‘vaporanon 7 8 7 4 3 3 3 4 5 7 7 6
Source Chekereni, KADP {1981 - 1996)

S : Scepage from Reservoir

Seepage from the reservoir is assumed at 0.5 % of the storage volume.

Data on the Nyumba Ya Mungu Dam

On 27th May, 1997, JICA Study Team visited the Pangani Basin Water Office at Hale,
Tanga Region o collect data and information in relation to the Nyumba Ya Mungu Dam.
Salient features of the Nyumba Ya Mungu Dam including water level - storage - arca
curve, minimum water level and maximum water level, were collected “Further, weekly
water level records of the reservoir could also be obtained from the office.  The water
level - storage - area curve of the reservoir is shown in Figure J.7.1. Walter level
records of the reservoir on a monthly basis from 1971 to date are tabulated in Table §.7.1.
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7.2 Verification of the Model

A trial calculation of water balance was carricd out to verify authenticity of the
aforementioned mode), by using of observed discharges as well as water levels of the reservoir
in 1987. The result is graphed below.
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‘frial Water Balance Study Based on Records in 1987

It is confirmed that the model could be applicd for the water balance study because the
deviation of the calculated storage volumes is within 10 % of the actual values.

7.3  Return Flow Effect

(1) Mechanism of Gross Irrigation Requirement

The gross irrigation water requirement consists of evapo-transpiration (ET), percolation
(P), and overall irrigation efficiency (IE). ET is consumed by crops and P and 1E are supplicd
to groundwater.  According to the measurement results for paddy at the pilot farm of KADP,
the ratio of ET to (ET + P) would be about 60% on an average, and the an overall irrigation
efficiency is 69% for paddy. With these figures, the actual water consuniption by paddy is
calculated to be about 40% of the irrigation waler requirement, and the remaining 60% would be
supplied to groundwater and finally to the Nyumba Ya Mungu dam located dowastream.  In
addition, the difference between (he abstracted water and irrigation water requirements below
the peak one will be released into the Rau river and/or drains, and ihey will finally tlow into the
reservoir, too. The following table indicates that the annual mean flow of the retura flow is
estimated at 5.5 m'/s.

J- 15



Return Flow Effect

- (Unit: m¥%sy
Jan. Feb, Mar. Apr. May Jun. Jul. Aug. Sep. Ocl. Nov. Dec.

(A) Absimcted discharge 9.00 9.00 9.00 9.00 9,00 9.00 5.00 5.00 5.00 5.00 5.00 9.00
(B} Waler demand 1.90 5.87 8.96 7.81 7.04 3.99 0.72 2.30 4.26 4.65 4,97 3.16
(C) Actual water consumption 40%of B 0.76 2.35 3.58 2,12 2.82 1.59 0.29 0.92 1.70 1.86 1.99 1.26
(D) Water to ground water 60% of B 1.14 3,52 5.37 4.69 4.23 2.39 0.43 1.38 2.56 2.79 2.98 1.89
{F) Flow to the Rau River A-B 7.10 3.13 0.04 1.19 1.96 5.01 4.28 2,70 0.74 0.35 0.03 5.84
(I} Return flow to the reservoir D+E 8.24 6.65 5.42 5.88 6.18 7.41 4.71 4,08 3.30 3.14 3.01 7.74

(2) General Hydrogcotcctonic structure of the Lower Moshi Alluvial Fan

The Study Area including the intake site and diversion channel route extends over the
Lower Moshi atluvial fan of which area would be 518 kw’ and depth 90 m as shown in Figure
J.7.2.  Figure J.7.3 shows the net flow of groundwaler in the alluvial fan.  This alluvial fan
is enclosed by hills, and opens only to the Nyumba Ya Mungu dam located in the south. The
groundwater below the alluvial fan is supplied from the Kibo lava belt to the north-west, and
the Mawenzi lava bell to the north-east within the volcano area of the Mt. Kilimanjaro. In
addition, it is also supplied from surface water, that is from many rivers such as the Kikuletwa,
Kikafu, Karanga, Weruweru, Kware, Rau and Ruvu rivers flowing in the fan.

As seen in Figure 3.7.3, the groundwater flows toward the ground surface due to the
protruded Usagaran tayer group at the southern end, and comes out and eventually flows into
the Nyumba Ya Mungu reservoir.  This phenomenon is proved by the fact that this southern
end area is always swampy. The water volume in the same basin is immutable if there is no
leakage andfor no diversion to another basin.

Following figure shows schematic modet of groundwater movement with an irrigation.

Q1 brigation Waler

Q2
. @ ¢ Groundweter level T
-ﬁ\-

Saturated water

i

At the initial time irrigation, the remaining 60% of the water go down until it reaches the

groundwater table. The time to reach the groundwater table is estimated by use of the Darcy
Formula as follows:

__L*100
%k *3600
Vﬂlcft‘ :
T: Time to reach the groundwater table (hours)
L Groundwater table in the Study Arca {m)
i Hydraulic gradient (=1)
k: Permcab]hty coefficient {cm/s)

The result of the core drilling in the Study and the information from the chlonal Water
Office indicated that the L ranges from 9 m throughout a year while the value of k is 10* envs.
The T value ,thus, will be estimated at some 10 days. Once a certain amount of water (Ql)
flow into the saturated groundwater, the water table goes up temporary and the force (o restore
the water level works.  This movement will make the discharge water (Q2) come out instantly.
As long as the irrigation is carried out, the coming out of the water of Q2 could take place
continuously.  Thus, the time lag would be estimated at only 10 days at the initial irrigation
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period.

Accordingly, it could be said that about 60 % of (he abstracted water from the Kikuletwa
river, which is estimated above, would flow into the Nyumba Ya Mungu rescrvoir with time lag
of 10 days.

{3y Estimation of deep percolation

Groundwalter recharge (RE) from irrigation (IR) and rainfall {(P) can be estimated from a
water balance around a vertical soil columin of unit arca cross-section, extending from the
ground surface 1o the saturated zone. The components of the water balance are illustrated below:

Precipiation
and imigation, L.
P&IR ]ﬁ'{‘a;m:mqumun.

)| ]
N

Sl mos: pper rsalurtod
I F‘“ mCLLC ane (1.0m)
Peepperadation, DP :;::Cf unsaturated
Graund
= e sarlge
Groundwater Suturatedd
rocharge, RE e
O hiow, Q|
-—.-—-—l- M_.‘k

Water balance in the single aquifer system

The soil colamn is divided into two zones, the upper unsaturated zone and the lower
unsaturated zone. The upper unsaturated zone is characlerized by the fact that it loses water by
evapotranspiration {ET), while any input into the lower saturated zone will finally end up as the
groundwater recharge. By taking the water mass balance over the upper unsaturated zone, the
decp percolation (DP) to the lower unsaturated zone is determined. The grouvndwaler recharge
differs from the deep percolation only by delay and temporal spreading. Also the behavior of
the outflow Q can be nearly similar to that of the groundwater recharge because the aquifer
under the project area is considered to be surrounded by no flow boundarics, meaning no
leakage to the deeper layer and no flow to the other basin as described before.
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The water balance over the upper unsaturated zone for a time interval (1, t+Dt) is
described by:

MDD = M) + (IR+P-ET-SR) It (7.1}
Where,
M: moisture content (imm/day)
IR: net inngation requirement (mam/day)
P: precipitation {nun/day)
ET: evapotranspiration (mnvday)
SR: surface runoff {mm/day)
D8 1 day

The storage behavior of the upper unsaturated zone is simulated by assuming that seepage
will only take place if the input (IR+P-ET-SR) Dt increases the stored water voline above the
ficld capacity FC.

Thus,

DPix =0 if M()+(IR+P-ET-SR) Dt < FC
DPDt =M{D+(IR+P-ET-SR) DX-FC  if M{O+(IR+P-ET-SRY Dt > FC  (7.2)

The daily water balance over the upper saturated zone for the project arca was caleulated
for one year from February 1 to January 31 of ilie next year because the projected irrigation will
start in February. © This successive calculation of the daily deep percolation needs (1) an initial
value of the soil moisture content on February 1, (2) the field capacity and (3) daly data lor P,
ET, SR, and IR as input.

From the field survey results, the soil maisture content on February | and the field
capacity are assumed 20% and 30%, respectively. Also the upper saturated zone was assumed
1.0 m depth and theeetore the Ticld capacity and the itial moisture content are 300 mm
(30%*1.0m) and 200mm (20%*1.0m), respectively.

The daily data for P, £T, SR, and IR were simply estimated by dividing those monthly
data by days of cach month. The monthly average rainfall at Chekelenni was involved in the
calculation. The surface runoff was estimated 10% of the precipitation. The evapotranspiration
was cslimated from the potential evaporation and crop cocfficients, considering the projected

cropping pattern. The monthly average of surface runoff, evapotranspiration, precipitation, and
net irrigation requirciient are shown below.
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Inpuf data for water bhalance over _the upper unsaturated zone

Irrigation Precipitation Surface runoff  Bvapotranspiralion

requitement IR P SR ET
maonth (mm/month) {fmnvmonlth) {mm/manth) {mm/month)
Jan, 69.5 320 3.2 43.8
Feb. 239.2 38.0 3.8 519
Mar. 428.0 68.0 6.8 145.5
Apr. 349.0 160.0 16.0 165.0
May. 3380 120.0 12.0 136.9
Jun, 183.0 20.0 2.9 63.0
Jul. 38.0 11.0 1.1 8.1
Aug. 111.0 10.0 1.0 16.9
Sep 204.0 8.0 0.9 61.5
Ot 2333 20.0 2.0 102.5
Nov 236.2 28.0 2.8 1214
e 143.3 63.0 6.3 86.3
total 2572.5 588.0 58.8 1002.6

The following figure shows the daily change of moisture content M and deep percolation
DP. The moistute contemt reaches the field capacity and the deep percolation takes place on
February 13, 13 days after the irrigation starls.
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(4)  Ouiflow from the aquifer under the project area

The above deep percolation is a rough approximation. In reality, the excess water leaves
the upper unsaturated zone while exponentially decreasing its rate possibly over a longer time.
Assuming that excess water percolates down into the lower unsaturated zone during the time
interval IX, a single seepage event over a time interval (¢, t+D) causes an outflow Q (D). Q (1)
can be described by:

Q=0 fort<t

Q (O=AR*DP*(1-exp (-a(t-1))) fort<ti< 4Dt
Q ()=AR*DP*(1-exp (-aD)exp(-a (-(+-Dt)}) fort <+
Where,

AR: irrigalion area

DP:; deep percolation estimated from the water balance
a exponentially decrcasing factor
{: time

The factor a, having dimension {Aime, depends on the geometry of the aquifer and s
assumed constant over time. This factor can be estimated using the daily discharge records.
The daily discharge record of 1991 at the gauging station 1DC6 was sclected for this estimation
because most of discharge al IDC6 comes from the springs through the aquifer (not including
surface runoff).

1991
140 o mm— -

100 |
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1 31 61 91 B0 %51 181 1in 241 271 301 331 361

day

Daily discharge (Q) in 1991 at IDCé6




Over the period (day 152-193) when the daily discharge Q is decreasing, In Q was plotted
as shown below.
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The relation between In Q and day can be linear.

In QQ,= -at

Q ZQGE-;:I:QOE-W'F“

Where,

Qand Q,: daily discharge rate
Te:  l/a

From the above figure, a is estimated 0.025 and Tc is 40 days.

For the project area, the behavior of the outflow Q for a single secpage event was
simulated. Here, ais 0.025. The irrigation area AR is 4,700 ha. A single deep percolation DP is
10 mm. The daily changes of outflow (m'/day) for 10 mm of DP on day S are shown below.
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Daily change of outflow for a single seepage event

For the single scepage event, the ouiflow from the aquifer continues for a long time while
gradually decreasing. The cumulative outfiow (mm) and the ratio of the cumulative outflow
(mm) to the deep percolation of 10mm are summarized in the table shown below. On Day 15,
10 days after the scepage event (o the saturated zone, 2 mm (20% of the deep percolation)
leaves the aquifer. On Day 45, 40 days after the secpage event, 6.3 mm (63% of the deep
percalation) of water leaves the aquifer. On day 95, 90 days afler the seepage event, 9.2 mm
{92% of the deep percolation walter) leaves the aquifer.

Cumulative outflow for a single seepage event

Passing timec  aftec | 10 20 io 40 50 60 70 80 90
secpage event (days)

Cumvlative  outllow | 2.0 39 5.3 6.3 7.13 7.8 8.7 9.0 9.2
{mim}), Sum Q

Ratio of Sum Qo DP ] 20% 39% 53¢t 63% 7% 784 87% W% 92%

Similarly, the behavior of oulflow was simulated for consecutive scepage events,
estimated from the water balance with the projected irrigation. The simulation was made for one
year, stating on February t and ending January 31 of the next year.  ‘The following figure
shows the simulation results, tie daily changes of the deep percolation and the outflow from the
aquifer.
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The cumulative amounts of the outflow and dcép percolation for simulated one year arc
illustrated in the following figure. On January 31 of the next year (day 365), the total of deep
percolation is 1999.1 mm while the total of outflow reaches 1886.8 mm. This means 94% of
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It scems that the outflow takes place with a certain time lag, comparing with the
successive seepage events. Here, we define that the time lag is the difference tn days between
the date when the cumulative amount of the deep percolation reaches a certain amount and the
date when the cumulative amount of outflow reaches that amount. The following table
summarics the time lags. By this definition, the time lag is estimated around 30 to 40 days.

Sample_calculation for time lag

Date when the comulative amount reaches a certain amount

Cuntelative amount | Deep percolation Cutllow tume fag
103 mm 26 46 20
500 63 97 34
1000 mm 110 134 44
1500 mm 234 271 37
1804 mun 297 338 41

7.4 Resull of the Reservoir Operation

The water balance study was carried out based on observed records in the period from
1987 to 1996.  The water abstraction for the Study Area is set up as shown below.

e . Uit mYs)
L Jan. Feb. Mar. Apr. May Jun. July Aug. Sepi. Oct. Nov. Dec.
Abstraction 9.00 9.00 9.00 9.00 900 900 5400 500 500 500 500 900

Firstly, as mentioned in the previous sub-section, the model was run taking into account
outflow of 14 m'/s from the reservoir.  The result shows that the water abstraction for the
Study Area would never obstruct the dam operation because the simulated water storage in the
reservoir is always larger than the minimum volume, which corresponds to the minimum water
levet for the dam operation uwnder the condition of a 14 m'/s outflow from the reservoir.
Secondly, a maximum 26 m'/s oulflow from the reservoir could be utilised for power
generation throughout the year while sustaining water abstraction for the Study Area with the
aforementioned discharge.  The reservoir operation results with the Project are given in Figure
J.7.4.  Figure J.7.5 indicate the results of water balance study for the cases of 1) outflow from
the reservoir: 14 m's, and 2) maximum water release from the reservoir without water
abstraction for the Project.  The result indicates that a maximum 28 m'/s of outflow could be
refeased from the reservoir.

A comparison was made between the “wilh abstraction” and “without abstraction” as

explained above. The result presented that there was only small difference between them.
The annual mean inflow to the reservoir will be decreased by 2 m'/s on in total.
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8 OPTIMUM SCALE OF WATER SOURCE FACILITY
8.1 General

The water source facility consists of a headworks and a diversion channel to lead the
intaked water from the Kikuletwa river to the Extension Arca and the Existing Lower Moshi
Arca.

A study on the water source facilities has been carried out based on the topography maps
with scale of 175,000, geology investigation results and site reconnaissance to determine the
location and height of a headworks and the rowte of diversion channel.

8.2 Alternative Study on Headworks lLocation and Diversion Channel Route
8.2.1 Criteria for Selection and Alternative Sites

As for the selection of headworks site and the diversion channel route, following
conditions are applicd to the basic criteria of selection:

(H Headworks

- Headworks composcs of diversion weir, sand flush sluice and intake facility

- fmake water level was decided taking into account the highest clevation of the
beneficiary area(not less than WE..740.0m)

- Construction workabitity, especially river diversion works during construction were
considered

- Intake water level was raised as higher as possible to reduce the rock excavation for the
diversion channel at high land area

- Water level clevation at the crest of headworks should not influence the tail water level
of the Existing Kikuletwa No.! of TANESCO power station(WL.817.4m)

(2) Diversion Channel

- A route selection was execuled pulting a care upon the topography and geology
conditions from the view points of cost saving as well as structurat stability

- Diversion channel was provided with lining to reduce channel section and maintenance
cost during operation

- Water level of the channel are principally lower than the original ground level to proteet
the illegal water tapping by inhabitants, especially on the route of the low  land area

- Inspection road is to be provided for casy operation and maintenance of the diversion
channel

8.2.2 Alternalive Sites

Following five(5) alternative plans were sct taking into consideration the technical and
economic viewpoints.

Allernative Location of bntake Weir{km) Lengih of Diversion Channel (km)
{approximate distance in from Total High land  Lowland
the TANESCO power station)

Alternative-A 1km 22 0 £2
Alternative-B 2km 28 16 12
Alternative-C 4km 23 t4 9
Alernative-D okm 28 16 12
Alternative-E 9km 24 12 12
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“The locations and routes of the alternative plans are shown in Figure J.8. 1.

§.2.3 Selection of Site and Roule

An alternative study was carried ot based on the said criteria and conditions and study
results are shown in Table 1.8.1. and summmarised as below:

Summary of Evalumion Result

Alternative plan A B C D B
b Diversion weir
i.1  Topography good good stecp deepvalley  deep valley
1.2 Geology hard bard haed hard weathered
1.3 Workability good good right side steep steep good
1.4 Cost 585 1,589 3,200 6,428 33,702
2. Diversion Channcl
2.1 Topography high hill high hill good steep stope  steep slope
2.2 Geology bord & stiff  hard & stilf hard & stiff weathe red weathered
2.3 Workability good good good less tess
2.4 Cost($,000U5%) 36,994 29,284 10,720 58.868% 11,334
3 Overall
1.1 Topography good good good fess boss
3.2 Geology zood good cood fatry good fairy good
3.3 Workability good good zood less less
34 Cosi(1.000US3) ¥7.518 INg73 13.020 65,296 45036
3.5 Ranking 3 2 | 5 1

As seen in the above summary, the Alernative-C is selected from techaical and
economical view points.

§.3 Tepography and Geology of Selected Site and Route
8.3.1 Hecadworks Site
(1)  Topography and Geology

The headworks site is located at the Kikuletwa river approximately 4 Km downstream
from the confluence with the Kware river. The Kikutetwa river flows down on the tableland,
forming a v- shaped valley. The average gradients of the Kikuletwa river ranged from 1/30 to
1/50 at both sites, and the riverbed elevations is El. 787.0 m. The abutment at the site is
characterised by a steep slope with almost vertical or | : 0.1 to 1 : 0.2, especially right side
abutment is so steep.  The site 1s composed of tuff breccia, and bedrock and basement rocks
arc found hard.  Although unconsolidated deposits are observed, it is extremely thin.

(2} Engineering Assessment on Geology

To grasp the geological conditions for selection of the proposed Intake weir site, 5
numbers of the core boring have been made at the proposed site. The result of core borings
indicates the wif breccia comprising the left and right abutments of the both sites, and this
geological condition presenis fully satisfactory bearing capacity and water tightness.
Permeability test results show that Tuff Breccia gives smal! permeability coctficients of 10" to
107 cms, indicating less leakage scams, however, gas holes were found at the boring holes .
8.3.2 Diversion Channel
(1} Topography and Geology

The topography and geology conditions on the diversion channel routes are broadly
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classified into two categorics as shown below.

(a) High land arca

Length of the channel on high land arca is estimated at 12 km, passing a gently sloped
tableland with elevation from El 840.0 mto 760.0 m.  Deep excavation of 10mto 15
m depth would be required for some 1 k. On the route, there are 2 rivers: onc is the
scasonal river having width about 15m and 5 m depth, and the other is the Longoi river,
which forms valley width with 20 m at bottom and 120 m at top, and 25 mdeep. From
the geology view points, the both routes are composed of tff breccia which is gencrally
hard. Unconsolidated deposits and allavium soils are observed on the routes, however,
have been extremely thin with maxinum depth less than 1 m.

{(b) Low land arca

The length of the channet in the low land area is at 12 km after passing the high land
area with elevation from EL 755.0 m to 740.0 m. On the roule, there are 2 river
crossings at the Kikafu river and Weruweru river and 2 road crossings at TPC arca and
the Existing Lower Moshi Project Area.  The route is fully covered with hard alluvium
deposits about 5 to 8 m thick in top layer followed by gravel /sand layer.

(2) Enginecring Assessment on Geology

To grasp the geolagy conditions of the route, total 10 numbers of core boring were
carried out; 4 numbers for the high land wrea, and 6 numbers for the low land area. The
results of boring for the high land area are deemed that tuff breccia is distributed at the
foundation level of channel.  This suggests that no serious problem may take place in terms of
stability of the channel including slope stability of excavated section.  As for the low land area,
on the other hand, the standard penetration test {SPT) was executed to clarify the bearing
capacily of foundation layers. The test results show the N-value of more than 30 within 2 m
depth are observed at all boring sites. The foundation layer of the low land area, thus, are

judged to be fully satisfactory on structural stability including carth work as well as channel
dike.

8.4 Selection of Headworks Type

The study on selection of structure type of headworks; gravity dam type and fill type dam,
was made considering workability, diversion work during construction period, topography
condition of the proposed site.  As a resull, the concrete gravity lype was adopted from the
following reasons:

(1) Ratio of width{L.) and height(H)

‘The proposed site is found very decp and narrow topography condition and ratio of width
and height (L/H) is about 1 or less. It is understood thal the concrete gravily type would be
more economical than the fill type in such topography.

(2) Componcnt of required structures

The concrete gravity type could be constructed without diversion tunnel during
construction period.  While, the fill type would require a diversion tunne} with more than 100
m long. In addition, the spillway structure is to be constructed on the right or left side abutment
with concrele construction.. From the above, construction cost of fill type would be much
costly than gravity type. In addition, the required construction period of fill type weir would
be more than 2 times comparing with that of concrete gravity lype.

(3)  Workability
The tbpogréphy condition of proposed site is found very narrow (less than 50m in width
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at maximum poition).  From the viewpoints of workability of construction equipment as well
as construction period required, such narrow condition is more favourable for concrete gravity
type than fill type.

(1) Hydrogcotectonnic Stability

The both sides the Kikuletwa river at the proposed site are sharp-cut ehiff, so thiat contact
of abutments with impervious zone (core zone ) would be hardly possible to ensure the
hydraulic stability, and thus many curtain grouting as foundation treatment would be required in
casc of fill type.

The headworks is composing of weir body, sand flush gate and intake facility. For the
diversion of river water during construction time, it is proposcd to cmploy the open type
diversion channel at one side.

8.5 Diversion Channel
8.5.1 Necessity of Lining

The lining work was employed for the diversion channel from the following viewpoints:

- Reduction of hydraulic head loss and scepage
- Prevention of weeds growing
- Less cost in operation and maintenance

As for sclection of lining type, a comparative study was carcied out for shoterete lining,
cast in-situ concrete lining, and precast concrcte block Hning.  Consequently, it was decided to

eiploy the shotcrete lining at high land area and precast concrete block lining in the low land
area {from the following viewpoints.

(b High land area

Shoterete lining is possible to conswruct the channel with more steep side slope than the
channel with the cast in-situ concrete lining. [t would bring reduce of the rock excavation and
construciion cost. (The preliminary estimate shows the volume of rock excavation may reduced
by 12%, the cost for rock excavation by 3%). Meanwhile, the precast concrete block lining
would have some difticulty in construction, especially for back-filling behind the block.

(2) Low land area

The cost for precast concrete block lining is slightly lower than that for cast-in-situ
concrete lining; the cost for precast concrele block lining and cast-in-situ concrete lining are
estimated at USS61.0 and US$63.0, respectively. Besides, no skill or special equipment is
necessary for construction and maintenance.  Further, quality control of lining material can be

easily and effectively made, since concrete blocks are manufactured by a factory of block
making plant.

8.5.2 Related Structures

Deep rock cxcavation, say tOm to 15m, would be required around lkm from the
headworks site on the channcl route. Except this section, a route would run along the
contour line as much as possible to reduce rock excavation volume. A superpassage struciure
would be required at place where the channel crosses with seasonal streams because its water
level is tower than the ground level.  Either aqueduct or siphon will be necessary for the
channel to cross comparatively large rivers such as Longoi, Kikafu and Weruweru. 2
numbers of chute structure of about E0m drop height in total would be provided at the 5 km and
11 km points. As for its connection with the exisling canals in the Existing Lower Moshi
Project Area, attention shall be paid on the junction structure in order to make dual functions of
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smooth water distribution and proper ieasurement of water.
8.6 Alternative Study on leadworks Height
hH Comparison Study

On Ahlernative-C, further § alternative cases have been studied to determine the
headworks height mainly from cconomic vicwpoints.  The route of diversion channel on
respective headworks heights are presented in Figure 1.8.2, and summarised below.  In this
study, the crest elevation of the headworks was set lower than EL.814.0m, taking into account
the tail water level (EL.817.4 m) of TANESCO No. 1 power station and the overflow depth of
design flood of 234m'/s of 100 years return period.

Atternative Case . Crest elevation Weir Height

C-1 806.00 19
-2 808.00 21
C-3 810.00 23
C-4 812.00 25
C-5 §14.00 28

The preliminary constraction cost was estimated for respective headworks heights.  The
results are presented in Table J.8.2. The table relates that Alternative C-3 of crest elevation with
EL. 8§14.00 m was most eCONOIHE Case.

{(2) Determination of Design Condition

Based on the respective study carried out of the said scction, basic design condilions of
the headworks and the diversion channel are determined as follows:

(n) Headworks

Type : Concrete gravily

Intake water tevel : EL.813.90m

Lowest elevation of river bed : EL.789.00m

Length : 0m

Design flood discharge : Q=234m*/sce{retumn period: 100 years)

Type of stilling basin : Roller bucket type(ski jump type)

(b} Diversion channel

Design discharge : Q=9.0m'/s.

Concrete lining : Shoterete lining at high land area

Precast concrete block lining at low land area

Canal section :  Trapezoidal

Low land arca : 1:0.3

High land area : 1:1.25

Longitudinal gradient : $/1,000 - 1/2,000

Bottom width and height : Type-1 1 2.00{w)m x 2.60 (h)m
Type-Ii 1 2.00(w)m x 2.00(h)m
Type-1l :1.90(wm x 1.90(hYym

Velocity(max.} . Not less than 1.50 m/s.



b ENGINEERING DESIGN OF THE KIKULETWA HEADWORKS
9.1 Component of Headworks

The location of the headworks was determined at approximately 4 km downstream from
the existing TANESCO power station. The Kikuletwa headworks is broadly divided into 2
components, namely i) diversion weir and ii) intake structure, and respective componcits are
further consisting of followings:

{a) Diversion weir

- Non-overflow section
- Overflow section(spillway section) with stilling basin at end
- Scouring sluice section with gate facility

(b) Intake structure
- Imake gate with gate facility
- Connection channel to diversion channel
- Mecasuring device
9.2 Basic Design Condition
9.2.1 Hydraulic Conditions
(h Flood discharge

Based on the hydrology study mentioned in ANNEX-A, the flood discharge was applied
for Q=234 m*/s{100 years return period).

{2) Crest elevation of overflow section{spillway section)

As described in Chapter-8, the full water level of diversion weir was determined at
WL.814.00m.

3 Intake discharge and intake water level

Based on lhe irrigation development plan, the intake discharge was applied for Q=9.0
m'/s and intake water level was determined at WL.813.90m(FWL. 814.00m-0.10m).

9.2.2 Foundation Level

Through the examination of geology boring at sites such as bearing capacily, permeability
and groutability to the foundation rock, the lowest excavation line of the river bed was set at
£1..789.00m.

9.3 Weir Section
9.3.1 Flood Water Level and Height of Headworks
n Overflow depth
Overflow depth(h) above spillway crest was calculated by following formula:
h= (Q/CBY”

wheve, h: overflow depth{m)
Q: flood discharge(= 234 m3/s)
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C: discharge cocflicient by overflow crest shape(= 2.10)
B: Iength of everflow weirn(= 40.0 m)

therefore, h = (234.0/2.10x40.0)""
= |.98m: say 2.00m

Flood water level{FWL): WL.814.00 + 2.00 = §16.00 m
{2) Crest EL. of non-overflow section{(TEL)

TEL= FWL + Fb.(frce board =1.0m, no-gated spillway below Q=500m3/s)
= 816.00 + 1.00 = EL. 817.00 m

(3) Height of headworks(H)
Height of headworks(H) is: TEL - Lowest foundation level
H=817.00-789.0 =28.00 m
9.3.2 Section of Diversion Weir
(1) Slope of section
Upstrcam slope{m) and downstream slope (n) were determined based on the coeflicient
of horizontal seismic force(Kh), shearing force of bed rock, and external forces acting on weir

body. Based on the stability analysis made in preliminary design level, the section of weir was
determined as follows:

Upstream slope{m) 1 10012
Downstream stope(n) 1 1:0.80
Width of crest at non-overflow section :4.0m

2) Spillway

Non-gated type spillway was designed taking into purpese of weir( intake purpose only,
non-flood control). Type of stilling basin at the end pottion of spillway was sclected “Roller
Bucket type(ski jump type)” taking into consideration of topography and geology conditions of
site.

3) Scouring sluice

To keep the river water course to the intake structure side and to scour the sediments load
to the downslreamm, 2 scis of roller gates with 3 m height and 2 m width were provided.

9.3.3 Sitability Analysis
(1) Design condilion

(a) Calfculation condition: Uader full water level and seismic force toward from upstecam to
downstream. :

{(b) Water lei’él, unit weighl, coefficient , etc.

h : dam height(28.0m)

hw  :max. water depth under full water level(25.0m)

hs : height of sedimeat load(25.0m)

m,n :slope of upstream section(m) and downstream section(n}
(m=0.12, n=0.80) :

We  cunit weight of conerete(2.30tf/m3))

Ww  :unit weight of water(1.00tf/m3)
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Ws : Unit weight of sediment load under submerged condition{! .0Mfm3)

Kh :cocfficient of seismic force(G.12)

Up  :coefficient of up-lift (0.33)

Ce - coefficient of sediment load pressure(0.60)
whete,

Static water pressure (Ps) Ps=W, x by

Horizonta) Foree of sediment pressuce {Pe): Pe=Ce X Ws x hs

Wauer pressure by seismic foree (Po): Po=0.875 x Ww x kh x (Hm'"
{by Wesergard formwla)

Calculation model is illustrated as below.

3000 I
[}
Dam Crest EL.817.00
FWL 81400
S I LR =
i 1Y B ({-‘I
I [ERY 2 T 1
- [l B =
T 0
o TN YU R
1
1 RN
M B L IR
1 I e
[ | M SRRSO N §
Static Dynamic  Sediment 1
Water Witer {.0ad _?zi 22100
Pressure Pressue
(P3) {Po) (Pe)

8.333

B=25,160

{c) Catculation of load and moment

Caleulation of loads and moment. Calculation of loads moments is made under full
water condilion acling on scismic force calculation sheet is shown in Table J.9.1 and
summarised as follows:

Total vertical load: 2V =797.14 (if f m)

Totat horizontal load: YH = 665.16 (¢ / m}

Total resistance moment YMR = 13,338.25 (ifm /m)
Total turning moment : YMT =5,751.92 (tfm / m)

(d) Stability Analysis
1} Eccentric distance(e)

¢ _B/2-(EMR-EMT/ 3V) |
=2576 12 - (13,338 - 5,533 /797)
-3087 <B/6=4293m.... O.K
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2} Stress at ends

0,, =XV/B(*6xc/B)
=797/ 25.76 (146 x 3.087 /25.76)
=8.7 or 53.2 (tf / w’)
(O,:Upstrecam end, O,:Downsticam end)

3) Safcty factor for shearing (n) -

n =(EVxf+i1txB)/2XH (where, f=tand}.5°=0.88,
=(797 x 0.88 + 170 x 25.76) /643 t=1701f/m7)
=790 >40 ... 0.K

From the above, stability against i)overtwraing and ii) foundation rock were satisfied.
The typical cross section of the weir is shown in Figure §.9.1.

9.3.4 Foundation Treatment

To  improve  the foundation  stability against  ijcracks/scams and
fiypermeability ,consolidation grout and curtain grout were provided for the foundation rock
with following specification:

{(a} Consolidation grout:

- pitch : 2.5m altermative arangement
- depth :5.0m
- pressure : Max. 5.0kgf/iem’
(b) Curtain grout:
- pitch and row : 2.5m alternative arrangement, 2 rows
- depth 2 10.0m
- pressure : Max. 7.5 kgt/em’(by stage method)

9.4 Intake Structure
{D Component of Structure

Intake facility is composed of iYintake gate, ii) connecting channel to diversion channel
and iti} measuring facility at end portion of structure.

(2) Intake Gate

Intake gate was provided just upstream of weir portion of left side of the Kikuletwa river.
Width of intake structure was designed based on the velocity of intake water within 1.0nvs.
Number of gate is 2 sets with 2,30 m width and 3.00 m height. Intake gaic tower is of
reinforced concrete structure wilh 5.30m height and 5.60 m width. Gate facility were rofler gate

type stuice gale with spindle and hoist. In {ront of intake gate, steel made trash rack was
provided to avoid entering the floating debris to the intake.

3) Connecting channel

After intake gate, a basin with 30.0 m {cagth and  5.60m width of reinforced U-type
concrete flume structure was provided.

(4)  Measuring Facility

At the end of connecting channel, measuring facility was provided to control of intake
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discharge. A type of measuring facility is “45 feet type Parshall Flume”.
(5)  Protection Facility from Crocodile

To protect crocodile from entering into the diversion channel, a protection wall of
masonry was provided on the left side of Headworks. Leagth of wall is 200 mlong and 1.5 m
high.

{6) Control Facility

For the operation and nmintenance of headworks, a control house was provided near
intake structure. A control house is reinforced concerete construction with necessary facilities

such} as furnitire, communication equipment, cte.  Arca of control house is approximately
S0m’.



10. ENGINEERING DESIGN OF DIVERSION CHANNEL
10.1 General

As described in Chapter 8, the final route of the diversion channel was selected after
several alternative studies{Refer to Figure J.8.1 and following design conditions were
determined.

1) Design discharge  :9.0m3/s
2} Scection of channe!

Type Widihim) Gradient Heightim) Side slope Lining Water depthim) Velocity(m/s)
I 2.00 11060 2.60 1:0.30 shoterete 2.20 .54
i1 2.00 142000 2.00 {:1.25 concrete block 1.66 1.33
] 2.00 /1500 1.90 1:1.25 concieie block 1.55 1.48

10.2 Channel
(n Lining material

Lining materials of channel were studied from the view points of geology conditions and
following materials were selected:

(a) Shotcrete  : -Strength at age of 28 days  : 180 kgifcm?2
(Type-1)
- Ratio of water and cement 145 %
- Unit cement quantity : 360 kg/m?
- Max. size of gravel 215 mm
- Ratio of fine aggregate :sfa=55 %

- Agent for rapid cementation
- Thickness

(b) Concrete block lining:
- Strength at age of 28 days
- Max. size of coarse aggregate
- Thickness
- Joint

{c) Bottom concrete:
- Strength at age of 28 days
- Max. size of coarse aggregate
- Thickness

(2) Inspecied road

:5.5 % of cement weight
sdesign 0.07m. payviment 0. 10m

: 180 kgf/lem?
125 mm
010 m

: by mortar

: 180 kgffem’
25 mm
010 m

Along the channel, inspection road was provided with following conditions:

- Fotal width .5.0m
- Effective width :4.0m

- Pavement
10.3 Related Structures

10.3.1 General Concepts of Design

: by Laterite, thickness

t=0.10m

Deep rock excavation with 10 m to 15 m would be required around 1 km from the
headworks on the channel route. Except this portion, a route would be run along the contour
line as much as possible to reduce rock excavation volume and head loss. A super-passage

i-
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structure would be required at place where the channel crosses with seasanal streams because it
water level is lower than the ground level. Either aqueduct or siphon structure will be necessary
for the channel to cross comparatively large rivers such as Longoi, Kikafu and Weruweru,
Chute structures of about 11 m and 34 m drop height would be provided at S .4 km point on the
route of high land arca and at the transfer point from high land to low land. As for connection
with the existing canals in the Existing Lower Moshi Project Area, attention shall be paid on the
bilurcation structure in order to make dual function of smooth water disteibution and proper
measurement of irrigation waler. The followings are major related structures designed and
provided for the diversion channel.

10.3.2 Structures
(1) Longot nver siphon

(a) Superstructure

Longoi river forms decp valley with 33 m depth and 40 m width. In the rainy season,
river water flow down with high velocily with many cobbles and debris. The structural
system for siver crossing was considered with alternatives taking inte account of;
i}safety against river flow during flood season , iijconstruction cost and iii}construction
workability. Ahernative design plans were i)steel pipe invested type siphon, ii) box
culvert type concrete siphon, iii) concrete aqueduct with approximately 30 m span, and
iv) combined type with steel pipe and concrete box culvert structure. As a resulis of
comparison study o the said structure systems, combined type siphon with steel pipe
and concrete box culvert is selected from the view points of 1) total water head acting to
structure at deepest portion of structure(approximaiely 30 m) and ii) construction ¢ost.
Longoi siphon has a total length of 130 m. Inclined portion of right and feft side of viver
are to be reinforced concrete structure with barre! size of 2.40 m x 2.40 m rectangular
section and 55.00m length. Centre portion was designed of ste¢l pipe( diameter; 2,200
mmy) structure supported by steet girder with 2.50 m height. Maximum span of siphon
at steel pipe portion is 25.0 m and total length of steel pipe portion is 55.00 m length.
To connect the diversion channel at inlet and outlet of siphon. transition structures with
each 10.0 m length were provided. Steel girder is designed as the main beam of
supporting struciure, and funciioned as T-beam of slab bridge for inspection road.

(b) Substruciure

Superstructure is supported by the substructure of reinforced concrete construciion. The
{oundation of pier was designed as a direct foundation on the rigid rock. The foundation
level of pier was set at approximately EL. 741 m, and a height of pieris 11.0 m. At the

joint portion between the steel pipe and the concrete box barrel, a gravity type of anchor
block structure was provided.

(2) Kikafu river siphon

Width and depth of Kikafu river are found approximately 20 m and 3m at crossing point
with the diversion channel. For the selection of river crossing structure, i)concrete box siphon
and maqueduct structure were studied. In case of aqueduct struclure, no clearance between
bottom levet of aqueduct and flood water level is kept, therefore, a concrete siphon with total
length of 66.0 m including inlet and outlet structure was selected. The size of barrel is 2.40 m x
2.40 m, rectangular shape. Existing clevation of river bed is found approximately EL..749 m to
EL.750 m, and keeping the covering depth of 2 m from top of siphon structure, centre
clevation of barrel at the river crossing portion was set at EL.745.0m. Apart from {5 1 to
upstream side, inspection bridge with total length of 36 m was provided. To protect the

structures from the siver flow, protection with masonry works were provided at right and left
banks.



{3) Weruweru river aqueduct:

(a) Superstructure

Width and depth of Weruweru river are found approximately 50 m and Sm, respectively
at crossing point with the diversion channel. For the selection of crossing structure,
iyconerete box siphon and ii)aqueduct structure were studied. As a result of alternative
study, aqueduct with total length of 60.0 m including inlcl and outlet ransition was
selected. The size of barrel is 3.50 m width and 2.50 m height and 12.0 m span.
Structure system of aqueduct is to be reinforced concrete and side wall is designed as a
main beam of structure.

(b) Substructure

2 number of abutmients and 3 number of piers were provided. Type of abutment was
designed as concrete gravily lype structure with 3.5 m height, and piers were of
reinforced concrete with 6.50 m height. Apart from IS m to upstream side, inspection
bridge with totai length of 48 m was provided.

(4) Road crossing structure

On the route of the diversion channel, there are many crossing portion with the existing
roads such as village roads, provincial roads, and Project road, ete. To minimise the head loss
and construction cost, reinforced concrete box culvert with 3.50 m width and 2.50 m height
were provided. Structure is composed of inlet and outlet transitions and culvert portion. Length
of barrel is determined in accordance with width of existing roads.

(5) Railway crossing structure

Near the trunk road of the Existing Lower Moshi Area, the diversion channet crosses the
national railway. Crossing structure is selected box culvert type culvert with 3.50 m width and
2.50 m height. Structure is composed of inlet and outlet transition and barrel portion.

(6) Drop and chute

A vertical and chute type drops werc provided at steep gradient section to adjust excessive
hydraulic head and to mamtain velocity of channel within the allowable limit. The applied
criteria was that a vertical type drop should be less than 2 m drop height, and a chute type is
more than 2 i and composed of following struclure system.

Vertical drop:

a) inlet structure with transition

b) basin for cnergy dissipaler

c) outlet structure with transition
Chute;

a) inclined flume

b) stilling basin

¢) outlet structure with transition

N Bifurcation_

At 21.4 km point, irigation water from the Kikuletwa headworks is bifurcated into the
irrigation command area of i)Existing Lower Moshi Area and ii)Extension Area in accordance
with irrigation plan. The distribution of irrigation water to respective areas is controlled by gates
and measuring facifity(Parshall flume type). Design discharge of bifurcation canal of left
side(Existing Lower Moshi Area) is 5.30 m'/s and right sidc canal(Extension Area, System A
arca) is 3.70 m*s. Both bifurcalion structures are designed of reinforced concrete flume with
5.30m at teft side and 3.70 at right side, respeciively. Height of both flumes are 3.0 m height.
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(8) Cross drain

To cross the scasonal and small viver portions, cross drain structure underncath of
channe! was provided. Structure system is applied for concrete pipe culvert type considering
flood discharge of scasonal and smail rivers with 5 years return period. Size and number of
pipes were determined based en the design discharge at the respective catchment arca,

(9) Footpath bridge

FFor the village people along the channel and for connection of the existing roads of
village road class, footpath bridges were provided as required. Width of footpath is 3.0 m and
of reinforced concrete slab.

(10) Wasteway struclure to Kikafu nver

During dry season, surplus discharge with 4.0m3/s (9.0m3/s-5.0m*/s=4.0m/s) is to be
returned to the Kikuletwa siver through the Kikafu river after generation of electricity at  No.2
hydropower station. Wasleway structure was provided at 13.5 km point on the diversion
channel and providing approximately 250 m length wasteway canal and finally flow into the
Kikafu river. Wasteway canal is of concrete block lining with design discharge of 4.0 m'/s.
Contro! of discharge is made by control gate and measuring facility.

(11y  End stucture at confluence of Rau river

At the end portion of the diversion channcl, end structure was provided. End structure is
composed of i)box culvert underneath of existing Rau Ya Kali main irrigation canal and flood
dike of right side of Rau river and ii) connecting channel in the high water channet of the Rau
FIVer.

(12) Bndge

On the diversion route, 3 bridges were designed at Longoi, Kikatu and Weruweru river.
Structure system of bridges at respective rivers were designed as follows.

L.ongei bridge: a) Span: 25.0 m
b) Width: total; 4.0m, effective: 3.50m
¢) Superstructure: slab; RC, girder; steel girder with 2.50m high
d) Substructure: RC pier, 11 m high

Kikafu, Wemweru bridge:
a) span: 12.0m
b} Width: total; 4.0m, effective: 3.50m
¢) Superstructure: stab; RC, girder, RC T-beam
d) Substructure: RC pier, 6.0 to 6.5 m high

A list of related structure with features is shown in Table 1,101,
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Table J.7.1 Water Level of Nyumba Ya Mungu Reservolr

Year Jan Feb Mar. Apr  May  Jun Jai  Aug

S¢p  Oct Nov

Dec

1911 687.53 687.29 686,75 686.63 638.10 63929 689.25 689.13
1972 687.45 687.18 686.89 68685 687.37 683. 33 68829 688.12
1973 687.88 687.69 687.36 687.14 683.26 688.54 688.57 688.31
1974 68637 68592 68541 68661 687.17 687.25 68746 6871.32
1975 685.18 684.68 634.08 684,19 684.57 684.66 684.60 684.26

68894 683.58 688.08
681.94 68171 687.82
688.02 687.64 637.21
68701 686.60 636.08
684.08 683.68 683.12

68763
687.82
686.30
68560
68264

1971-75 68688 686.55 636.10 686.28 687.09 68761 687.63 68743

687.20 686.84 686.46

636.11

1976 €82.11 681.56 68003 680.38 681.28 68149 631,71 681.62
1977 67997 67981 679.99 68178 684.07 684.96 685.15 684.80
1978 68340 68367 684.40 686.12 687.56 68829 68875 68890
1970 68844 68870 63895 639.64 689.69 689.66 689.36 689.12
1980  687.59 687.36 687.16 68728 639.02 689.25 689.12 689.01

681,50 681.33 68063
68447 683.86 68332
688.78 68833 68794
633.94 68368 638.28
688.82 68842 638.02

680.19
683.13
68833 -
687.92
687,78

197680 684.32 684.22 634.20 685.14 686.32 636.73 63682 636.69

686.50 686.12 635.64

68547

J9/6-8U 03432 O64.22 BOA.c7 035,13 DBOO.Je BOMLIS D008 O e e & el o
1981 63767 63127 68706 63827 689.43 68231 680.15 683.88 688.62 68838 688.04 681.77
19382 68127 636.80 686.27 63620 68693 687.10 687.16 68698 686.73 636.8% 687.32 687.54
1983 68726 63690 68640 686,16 63695 687.38 687.34 687.13 686.80 68649 68601 685.76
1934 68545 634.98 684.37 684.45 685.24 685.34 68539 68528 684.94 684.57 684.61 684.75
1985 68440 684.20 6383.71 684.65 685.71 686.07 686.00 685.76 68542 685.08 684.73 68445 °

198185 63641 68603 68556 68595 63685 63704 687.01 686.81 686.50 68628 686.14 636.05

1986 63146 68408 633.47 63186 63495 636.09 63607 685.70 68531 684.85 684.27 684.25
1987 68396 683.37 682.80 68270 63349 684.01 683.87 683.80 633.65 683.32 63293 682.67
1988 682.33 68195 68229 684.38 68546 685.90 68597 685.77 685.55 68525 684.94 684.73
1989 684.67 68445 684.12 68537 687.03 687.84 687.99 687.68 687.27 68682 68640 686.28
1890 63621 685.80 686.34 68875 689.71 689.36 689.12 68893 688.70 633.46 688.36 688.25

198650 68433 633.93 633.30 68501 686.13 636.64 686.60 686.38 686.10 685.74 685.39 685.24
1991 637.04 63757 681.06 63692 687.42 687.63 68741 687.09 686.74 686.27 685.68 63549
1992 68496 63441 683.68 634,11 684.98 685.57 68547 685.19 684.67 684.03 683.34 682.81
1993 68291 683.00 682.96 68296 683.17 683.31 683.51 68368 68371 683.76 683.74 63369
1994 68363 68360 683.78 684.06 638536 685.73 68582 685.85 685.85 685.8! 685.58 635.67
1995 68530 634.85 634.77 68547 686.58 68746 687.25 686.76 686.29 685.85 685.29 (34.81

159195 63405 68460 63445 684.70 68550 685.94 68589 685.71 68545 685.14 684.73 63449

1996 684.35 634.08 683.77 634.82 636.29 687.19 687.28 68697 68664 686.22 685.60 685.14

1997 684.56 683.91 683.29 68441

Resource : Pangani Basin Waler Office
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Table J.8.1 Comparison Table for Altcrnative Plan of Water Source Facility(1/2)

Description Alternative-A | Alternative-B | Alternative-C | Alternative-D | Alternative-E

LileakeWL | ELS17. | ELSIS | EL802 | EL761 | EL760
1.2EL. of river bed _EL8IS. | ELSI0 | FL789 gL752 | BL73O

Looabutmentslope | 102 4

mgverbed PR NN NN SO RN SRR RO

- abutmeat

ocheighqey o o4 bbb 3

_.oexcavationvolume(m3) §

__-concrels volume(m3)
od | ..].openg
oo workability

b _}.open charnel

open channel

|, good | good  }osteepslope | lowldeepvalleyy | good
_-estimatedcost(US$) 6499201 @ 1,777200f 2,934,000  7,214.400] 36,232, 00C
1.6 Evaluation

| tow workability|

2. Diversion Channel | e e
2iHighladportion {4 ] R
2 pography ...} EL3850t0760; EL.84010760] EL 84010760 EL.770t0735 EL 55
212Geology ... had o q hard 1 hard ) scam and distarbed | seam and disturbed

2.13Rivercrossieg | .2 places dplace L dplace |} Zptaces 1 2places

214 Ground water level Lodew ow Jow . Jow e JOW

2.1.5 Dimension
4 6 .. 12

o pottomwidd(my 2 e 2R b B
e d025 ) 1025 1025
A3 153 . ]....k33

....5de slope.
_ - velooty(mis)

)| 3-10(max. 15} )

|- hardness of bedrock hard weathered weathered

{10 be continucd)
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ﬂmh]&lCmmmﬂmnﬁmhhrmmeWeHmuﬁWMwSmnmemwu&)

Description

Alternative-A

A!lemalive-ﬂ

Alternative-C

Alternative-D

Alternative-E

2.1.7 Work quantity
i k(m3)

- advanlag
_.-disedvantage

vation,soil(m3) |
..o lining concrete(m3)
2,1 8 Estimated costUS$) |

219%valuation |

988,000

12,000

S =) I
..34.356000f

high cost

10,400

p excavalion

o 3000

o 2200

..! 0,4%

.. 26651,000)

Tow cost

.. 10,830,000

less

fess

2.2 Low land portion

2.2.1 Topography
222Geology

2.2.3 River crossing
22
2.2.3 Dimension

water le

8%

_AAlluvial soitfstff

- height{m})

2.2.6 Workability

L.oobottom widthGm) 4

2

_ocsidestope L

_{{All alternative plans are same route and conditiong)
EL755-M0}

ame feve

..36270400)

| Yow workability |

of ground

342 Y e |

2.3.1 Estimated cos(US$)
12.3.2 Overall evaly

3. Evaluation as Water Source

_.-excavation, soilm3) |

23Overallchannel } L
.. 37,634,400

__-depth of excavation(m) |

-embankment{m3)  {

gh

LZRI32800L

14,108,400

39,548,800

3.3 Workabiliyy

3.0 Topography |

clion cost(US$) I

.. hard & stiff
~good

3.5 Ranking

3

_hard & stiff

J3L710,0008 170420001

2

_hard & stiff

_steep at high land

o> high cost|

steep at high fand

seam and v eathered

seam and weathered
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Table J.9.1 Calcutation Sheet for Stability of Headworks Weir

Force Arm length Moment
Load Mark Formula Force(tf) Formula Length(m) (f.m/m)
1. Vertical Load
Sclf-weight W1 [05x280x336x23 108.19] 1/3 x 3.36 + 2248 23.60 2,553.33
W2 [05x280x224x23 721.28)2/3 x 22.40 14.93 10,771.11
Water weight | Ww1]0.5x25.0x3.00x 1.00 37.50)25.76 - 113« 3 24.76 928.50
Sediment Wel [0.5x250x3.00x1.00 37.50]25.76 - 113 x 3 24.76 923.50
Up-iilt U |-05x8333x2576 -107.3312/3 x 25.76 17.17 -1,843.20
I. Total 797.14 MR=13,338.25
f. Horizont 1]
Dynamic load{ Pl |108.19x 0.12 12.98]1/3 x 28.00 933 128.17
by seismic P2 |721.28x0.12 86.55]1/3 x 28.00 933 807.83
Static water Ps 05x25.0x25.0x1.00 312.50| 113 x 25.00 833 2,604.17
pressurc
Sedimentpre }| Pe [0.5x06x250x250x1.00 187.5011/3 x 25.00 833 1,562.50
pressure
Dynamic Pd |0875x0.12x250x250 65.63|2/5 x 25.00 10.00 656.25
wateq pressurc
II. Total 665.16 MT=5,751.92
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