(E)} Connection of walting factories

Large power demands are expécted from factories which
have waited for connection to the power system, and which
are being connected in the three years from 1987 to 1989.

These are listed in Table 2.2.3, and are summarized as

follows:
Ef fective power  Annual energy
(MW) (GWh)
Grid systenm 6.10 * 135.08
Isolated systems 26.89 118.51
Total 32.97 253,59

(Note): * Load of the Mufindi boiler (25 MW) is not
included, as the boililer is to be operated
during off~-peak hours.

Energy consumption in the industrial sector in 1986 was

545.49 GWh. Thus, the load of industrial consumers

waiting for connection over the subsequent three (3)

years amounts to 46.5% of the 1986 load.

In general, GDP growth in the industrial sector includes
demand growth caused by neﬁ plant construction and faci-
litiés expanéion. The load forecast here, however, also
takes into the load magnitude.of the waiting consumers,
and the expected new loads have been to the forecast by

use of regression models.
2.2.,3 Result of Power Demand Forecast
(1) Forecast for the Whole Power Systém

Using the regression models shown in Section 2.2.2 (2), and based on
the assumptions described in Section 2.2.2 (2), forecasts of
electricity demand for 1987 to 2005 were capried out_for the

following two growth scenarios:
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GDP growth rate:

Yedr . Base scenario Low growth scenario
1984-1986 3.1% 3.1%
1986-1990 4.6% 4,6%
1990-20605 4. 5% 4,0%

The forecast results are shown in Tables 2.2.4 to 2.2.9 and in Fig,
2.2,2. A Comparison of these results with those for the high-growth
Scenario A of the "TANESCO Power Sector Master Plan" is summarized

below!:

Forecast 1990 1995 2000 2005

JICA Team's forecast

- Base scenario:

Consumption (GWh) 1,470 1,843 2,299 2,872
_Generation (GWh) 1,755 2,195 2,744 3,428

Peak load {MW) 292 404 502 629

= Low growth scenario:

Consumption (GWh) 1,470 -~ 1,795 - - 2,190 2,670
. Generation (GWh) 1,755 2,143 2,614 3,188

Peak load (M) 292 349 - 480 585

Master Plan forecast {Scenario A)

—~ Updated in 1987:

Consumption (GWh) . 1,544 1,964 2,562 3,342
Generation (GWh) 1,926 2,451 3,199 4,175
Peak load (MW) 316 408 540 712

~ Original in 1985:

Consumption (GWh) 1,175 1,548 2,045 2,692

Generation (GWh) 1,390 1,843 2,423 3,189
Peak load  (MW) 262 342 449 588

(2) Forecast for the Arusha—Kilimanjaip Regions

. The pdwer demand fbrecast for the Arusha—Kiiimanjaro regions is

shown in Tables 2.2.5 to 2.2.9.

The.reéults'may be'summarized.as follo#s:'
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2.2.4

(1)

Energy consumption (GWh) Peak load (MW)
Year Arusha Moshi Total Arusha Moshi Total

Base scenario

1987 . 70.42 45,53 115,95 17.3 . 11.4 27.0
1990 83.09 34,13 137.22 2004 13.6 32.0
1995 104.73 68.37 173.10 28,2 18.9 44.3
2000 131.48 85.83 217.31 35.4 23.8 55.6
2005 164.82 107,59 272,41 44.4 29.8 69.7

Low growth scenario

1987 70.42 45.53 115.95 - 17.3 11.4 27.0
1990 83.09 54.13 137.22 20.4 13.6 32.0
1995 102.16 - 66.69 168.85 27.5 18.5 43.2
2000 125.14 81.69 206.83 33.7 22.6 52.9
2005 153,10 99.94 253.04 41.2 27.7 64.8

(Note): * Total of peak loads include a diversity factor of 0.94.

‘Power Development Program and Demand and Supply Balance

Power Development Program

The Power Sector Master Plan (updated in 1987) considers two types
of power development projects: (1) Hydroéiectrid.EXpansion Sequence,
and (2) Gas Expansion Sequence. Considering the problems, uncer-
tainties, and required time iﬁ developing offéhore natural gas, it
is more be appropriate to base the power development program, at

least up to around 2005, on the Hydroelectric Expansion Sequence.

The expected commissioning dates and geﬁerating capacities of the

projects considered in the Master Plan are as follows:
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Installed Energy

: capacity : generation
Commissioning Project name (MW) (GWh)

1990 Ubungo Gas turbine 20 -

1992 Pangani Talls 60 305
redevelopment

1995 . Downstream Kihansi 162 - 945

1999 Upstream Kihansi 435 438
- (Retire existing (-123) (=)
diésel)

200t Masigira 30 491

2003 Rumakali 204 1185

- As shown above, the development projects of the Master Plan are

limited to big.prbjects concentrated mainly in the 220 kV system.

From the standpoint of power system planning, however, spacial
attention.should be péid to the difficult conditions of the
Arusha¥Kilimanjaro regions. Because of the growing electricity
demand in these regions as weli as the need to alleviate the imme-
diate problem of.large voltage drop, the JICA team's study added the

following regional hydropower projects to those in the Master Plan.

Installed Energy
: : ~ capacity generation
Commissioning Project name. o (Mw) (GWh)
1991 Kikuletwa No. 1 . - 1.5 110,53
(rehabilitation)
1994 Kikuletwa No. 2 S 11,0 67,09

(2) Power Demand and Supply Balance
(1)  Reserve Capacity

The power: system must have é‘reserve_capacity; to be able to
. meet forced outages; shutdowns for scheduled mainténance;'and

unforeseen growth in power demand. Various criteria are
.available'fegarding reserve capacity, but the most commonly

adopted are:
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(i1)

~ Capacity equivalent to the largest and second largest

generating units.

~ Capaclty equivalent to a certain percentage of peak load (in

general, 15% to 20% of peak load).
= The larger of the above two criteria.

In the TANESCO grid system, the power supplied comes almost
completely from hydro power stations. : Most of load centers in
the isolated systems, where power 1is supplied by diesel power
stations, are expected to be incqrporatéd'into'the grid system

within one or two years.

From the standpoint of wmaintenance cycle and forced outage
ratio of ﬁydropbwer stations, a 10% reserve margin will be
sufficient to maintain normal operation of the power sysiem.
Thus, thé JICA team's power development program for the study
period from 1987 to 2005 was formulated using the following

reserve margin criteria:

~ Until 1995, when Downstream Kihansi is expected to enter
service, the present total capacity of diesel power sta-

tions, 122.6 MW, shall serve as standby.

- When the Downstream Kihanshi project is completed,

the diesel power stations shall be retired.

~ From 1995 on, the reserve nargin of hydrdpdwer stations
shall be kept at over 10%Z of peak load or required

energy generation.
Commissioning Time Schedule and Demaﬁd_énd Supply Balance

Tables 2.2.10 and 2.2.11 and Figé. 2.2.3 and 2.2.4 show the

power and energy demand and supply balance for the whole power

systen (excluding JICA team's proposeé hydropower projects in

the Kilimanjaro region).
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Tables 2.2.12 and 2,.2.13 and Figs. 2.2.5 and 2.2.6 show the
power and energy demand and supply balance for the

Arusha-Moshi~Tanga regions.

All of the figures are based on the JICA team's forecast and

the reserve margin criteria mentioned above.
The results of study are summarized below:

a)' For the 220 kV systeum

Installed

- capacity Energy
Commissioning Project name (M) (GWh)
1990 . Ubungo gas turbine 20 -
1995 - Downstream Kihansi 162 945

3 : (retire diesel)

2000 Upstream Kihansi 45 438
2002 Masigira 80 491
2005  Rumakali 204 1,185

Hydropower capacity and énergy generation are insuf-
ficient to meet the demand up to 1995. During this
period, the shortage must be covered by the existing

‘diesel power staticns.

b). For the northeastern 132 kV system

Installed

: : capacity Energy
Commissioning Project name (MW) {(GWh)

1991 Kikuletwa No. 1 1.5 10.53

: {(rehabilitation)

1992 Pangani Falls 60.0 305.00

o redevelopment

- 1994 © . Kikuletwa No. 2 11.0 67.09
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In this system, a shortage of both pOWer‘and energy will
continue to 1992 when the Panganl Falls redevelopment pro-
ject is expected to be completed. The power shortage in
1991 will be 22.7 MW. The shbftage must be covered by

importing from the 220 kV power system.

I1f the Study Team's proposed hydropower projects Kikuletwa
No. 1 (rehabilitafion) and Kikuletwa No. 2 are not imple~
mented, a powér shortagé will reappear in 1996 even if the
Pangani Falls redevélopment project is commissioned in
1992, 1If the team's proposed projects are ilmplemented,

however, a power shortage would not arise until 1999, with

an energy shortage from 2001.

2.3 HYDROPOTENTIAL STUDY IN KIL!MANJARO REGION

The'Study Teaum, taking iﬁto éccouﬁt fhe forecast power deman through
2005, made a preliminary study and prdject priority study of nine (9) small
hydropower schemes that were proposed by TANESCO at Kilimanjaro Region
sites that TANESCO comsidered proﬁising; The features of each potential

site are listed in Table 2.3.1.

As a result of discussions between TANESCO and JICA based on the
study, Kikuletwa No. ! and-No. 2 sites were selected, out of the nine (9)
potential sites, for carrying forward into the feasibility study stage.

The reasons for this selection were :

- Evaluation by B/C and EIRR revealed Kikuletwa Wo. 1 Project to
have the highest priority, followed by the No. 2 Project. (See
Table 2.3.1). :

~ Kikuletwa No. I Project has a great advantage that the existing
civil dtructures can be used following the repair or rehabilitation..

This will greatly economize the constfuation costs.,

~ Considerable power discharge and potential head will be made
available by the Kikuletwa No. 2 Project. 1Its sizable generating
capacity — the largest amoung the nine potential sites, should effec-



tively strengthen the power supply in the Kilimanjaro region. The

Same area sites, by contrast, provided smaller potential scale.

- The runoff conditions of the Kikuletwa River are very advantageous

for hydropower development.

- The potential sites in the Same area located far from the Moshi and
Arusha load center, and are, therefore, deemed to be less effective
than the Kikuletwa No. 1 and No. 2 projects for reinforcing the

Kilimépjafo region's power supply.
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Table 2.1.1 CHARACTERISTICS OF GENERATING FACILITIES

_(1987)
Capacity  Installed Peak gene- Commis~
x unit capacity ration sioning
Power station {MW) (MW) 1986 (MW) year
Interconnected system
(1) Hydro
Pangani river basin:
Kikuletwa 0.6 x 1 1950
0.4 x 1 _ 1937
0.16 ¢ 1 1.16 0.20 1935
Nyumba Ya Mungu 4.0 x 2 8.00 8.00 1969
Hale =~ 10.5 x 2 21.0 15.75 1964
Pangani Falls 3.9 x 5 17.50 "15.50 1934
Sub-total 47.66 39.45
Great Ruaha river basin
Kidatu 51.0 x 4 204.00 163.00 1975/1980
Others
Tosamaganga - 1.22 - -
Mbalizi - 0.34 - -
- Total hydro 253,22 202.45
(2) Thermal {Diesel)
Arusha 3.16
Dodoma 2.85
Iringa 0
Iyunga 6.40
Singida 0.84
Ubungo 6.90
Total thermal 81.65 20.05
Total grid system 334.87 222.50
Isolated system
Total 63.47
398.34

Whole power system

Note: Mtera hydro power-stétion is now on line with an.insﬁalled
capacity of 80 MW (40 MW x 2 units). The No. 1 unit was
comnissioned in June 1988, and the No. 2 unit in December, 1988
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Tablé 2.1.4 ENERGY DISTRIBUTED AND PEAK LOAD BY REGION
-(Interconnected System)

Region 1980 1981 1982 1983 1984 1985 1986
Energy distributed (Gwl)
Arushé—Kilimanjaro Region 83.08 87.43  95.27 101.54 112.66 125.21 158.07
Tanga and District _ - 82,62 92.72 - 86.44 87.09 91.27 88.66 126.71
Dar es Salaam and District 427.07 430.78 429.01 438,11 452.38 468.80 511.40
Zanzibar L - 13.47 25,18 27.91 32,13 34.74  39.98  42.10
Morogoro Retion 36.37 36,92  33.61 31.23 32.9% 45,28 55.21
- Iringa o - - - - - 42.82  65.93
Dodoma - - - - - 3.57 17.60
Singida - - = - - - 0.66
Mufindi ' : - = - - - - -
Mbeya - - - - - - -
Total 642.61 673.03 672.25 690.09 724.00 814.32 977.68
Peak load (W)
Arasha-Kilimanjaro Region 14.9  14.7  19.5  18.5  20.1  21.9  26.7
Tanga and District 18.9 23.8 22.6 i9.4 22,0 23.7 24.3
Dar es Salaam and Distriet 73.1 75.0 75.8 75.8 79.7 85.7 91.0
Zangibar ' 4.6 5.2 5.6 6.6 6.6 8.0 8.6
Morogoro Retion. 7.3 7.6 7.3 9.1 2.2 10.0 i1.6
Iringa . - - - - - - 2.6 2.6
Dodoma _ _ - - - - - 3.5 4,2
Singida - - - - - - 1.6
Mufindi . - - - - = 19.3  15.2
" Mbeya . - - - - - 5.5 9.0
Coincident peak load 117.6 ° 124:.0  122.8 127.8 139.2 176.4 183.1

Note: Iringa interconnected in March 1985.
Mbeya interconnected in July 1985.

Dodoma intercomuected in October 1985,

' Singida interconnected in October 1985.

Source: Power Sector im Tanzania - TANESCO Pianning Directorate.
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Table 2.2.3 WAITING INDUSTRIAL CONSUMERS

Requested Start Effective .Energy

Location Plant power (MW) date load (MW)  (GWh)
Arusha A-Z Clothing _ 1.30 1987 Q.78 .42
Dae es Brewery Expansion 1.50 1988 0.90 3.94

S5alaam Sheet Glass 1.50 1987 0.90 5.52

Terry Towels 0.40 19338 0.24 1.05
Sewing Thread 0.40 1987 0.24 1.05
Morégoro Water Tfeatment ' © 0.50 1989 0.35 2.45
Textile Institute 0.50 1988 0.30 1.31
Textile Expansion 0.50 1989 - 0.25 1.10
Iringa Mufindi Boiler | 50.00 1988-90  (Off-peak) 109.50
Mufindi Tea Estates 1.00 1989 0.80 2.10
Dodoma Grain Mill 10.50 1988 0.20 0.70
Mbeya Tea Estates = 1.40 1989 1.12 2.94-
Total Grid - _ 6.08 25.58
+109.50
Mwanza Glass Containers o l.20 1988 0.60 3.68
: Oxygen - 0.20 1987 0.10 -~ 0.61
Leather Workshop 1.50 1987 0.75 2.63
Giuneries 6.30 1988 5.04 17.66
Shinyanga Mwadui 9.00 1989 9,00 51.25"°
Ningwa Dam 0.40 1987 0.24 1.05
Ginneries 11.60 1989 9.28 32.51.
Tabora Textile Mill C 2.00 1989 1.20 6.31
T.R.C. Depot = 0.40 1987 0.24 1.05
SiDO 0.50 1987 - 0.20 0.70
LocoShed _ o 0.40 - 1987 0.24 1,05
Total ‘Isolated _ _ 26.89 118.51
Grand total 32.97 253.59
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CHAPTER 3 FIELD INVESTIGATIONS FOR KIKULETWA NO. 1
" AND NO. 2 HYDROPOWER DEVELOPMENT PROJECTS

3.1 GENERAL

In order to céllect the basic data required for the feasibility

studies of the projects concerned, the JICA team carried out the following

work 1n Tanzania. The work was carried out from January to March 1988.

)y

(2)

3y

(4)
(5)

(6)

Aerial photographic.surveying and preparation of topographical maps
Preparation of topographical maps of main structure sites

Core drilling inveét#gations and detailed surface reconnaissances
Concrete aggregafe investigations

Hydroiogicél investigations

Environmental investigations

3.2 TOPOGRAPHICAL SURVEYING

3.2.1

Aerial'Photographic Surveying and Mapping

The aefial photographic surveying and mapping carried out by the

JICA team'waé ﬁs follows:

(1) Photogfaphy (including film development): - app. 300 8¢ km

(2 Flight courses: 9 courses

(3) Photogfaphié 1 1/20,000 for mapping, 1/8,0003f0f longitau-

" scales dinal and transverse profiles

(4) Séoﬁe'of mapping: approximately 30 sq. km and 9 km of longi-

“tudinal énd'transverse profiles



(5) Topographical scales: 1/5,000 for topographical map, 1/1,000

for longitudinal and transverse profiles
3.2.2 Preparation of Topographical Maps of Main Structure Sites

The surveying carried out by the TANESCO survey team with the advice

of the JICA team was as follows:
(1} Control point surveying (including levelling)} ... 13 points

(2) 1/500 topographical surveying
- Topographical surveying of viclnity of powerhouse of
-Kikuletwa No. 1 préject site _ "ees 32,500 sq.m
. Topographical surveying of vicinity of Kikuletwa No. 2 intake
 dam site - | g ver 30,000 8qem
- Topographical surveying of vicinity of Kikuletwa No. 2 Power
.Station : ess 120,000 sqem

3.3 BY CORE DRILLING INVESTIGATION

Core drilling investigation and permeability tests utilizing drill-
holes, were carried out by the Study Team between January and March 1988.
The extent and locatioms of this work are as shown in Table 3.3.1 and

Fig. 3.3.1.

These investigation and test results are described in Chapter 4.

3.4 CONCRETE AGGREGATE INVESTIGATION

The Study Team and TANESCO selected five sites in the project atea
to serve as sources for comcrete aggregates. Excavation of test pits,

sampling, and laboratory tests were then carried out at these sites.

The locations of the concrete aggregate sources are shown in Fig,
Fig. 3.4.1. 1Information on test pits, sémpling quantities, and test

items is provided given in Tables 3.4.1 and 3.4.2.

The results of these tests are described in: Chapter 4.

3-2.



Table 3.3.1 LIST OF DRILI, HOLES AND PERMEABILITY TESTS

Coordinate Elevation | Length Direction Permeabi?ity Remarks
X Y {EL.m) (m) test (times)

R-1  8,693.84 12,339.33  828.72 25.0  Vertical 4
KD-1  7,688.70 13,405.00  822.39 20,0 Vertical 4
KD-2  7,658.50 13,433.60 812.41 15.0  Vertical 1
KD-3  7,635.40 13,456.40  B817.45 20.0 Vertical 2
KD-4 6,925.37 14,152.01  825.89 20.0 Vertical 2
KD-5 6,264.53' 14,842.87  829.68 20.0 Vertical 4
KD-6  5,813.64 15,200.85  811.33 20.0 Vertical 4
KD-7  5,210.07 16,201.6% 807. 59 20.0 Vertical 4
Kn—é 4,458.82 16,837.42 779.57 30.0 Ve;tical 6
KD-9 4,407.63 17,049.50  730.74  20.0 Vertical 3
10 holes - 210.0 - 34

TOTAL

3-3



Table 3.4.1

LIST OF PITS

Remarks

Number of pits
R. Karanga No. 1 4 For coarse and fine materiais
" No. 2 1 For coarse and fine materials
" No. 3 3 For coarse and fine materials
" No. 4 3 For coarse and fine materials
" No. 5 2 For coarse and fine materials
Kiteto 15 Fine material
T.P.C. 1 Fine material
Hai (Crusher plant) - Coarse material
Nyumba ya Mungu - Fine material
Total 29

3-4



880 MLIZY ‘8=

821/L210 WISY . 4x

-3=5

(pavpuels EBIUBZURL) GGSZLI  TTx B8D WISV ‘lx QTT/LTID WISY I€x
21889 0T=x 880 HISY ‘Ox . . ZI88g iTsx
G%D WISV LG @m.H QLOHSYY 10x ﬁo.mumb..mmmn.o UM&OUWOHUMZ HE
< [ 6 11 A1 [4! 61 L ¥l ¥l 91 & TVICL
wmﬁdﬂ
1 o 1 0 T T 3 0 1 [ 3 1 v4 equniy
1 0 ] S S < t 0 9 9 k4 I - : 3831y
I 1 0 £ € 1) v K ¥ 7 S 1 13-4
i 0 1 1 1 T 1 0 T 1 T 1 BRI
0 0 1 1 1 T 1 T 1 T I I C oK
0 i ¢ 0 0 0 0 0 0 0 ¢ i ¥ oK
1 0 1 I 1 1 z 1 T T I 1 . gUoN
0 T 0 0 0 0 0 0 0 0 0 1 T oN
1 "oN
0 0 0 0 C 0 € T 0 0 € 1 eSupzEyy
noTIoEay Nﬂmmm.m¢ﬂozwm¢ = . mwummmyw .domumoog
2338% aniep 8213 : Jydtop ss2u uoTl  43taBIn sisLTBUy’ . -3y 30
-3183y Burysnipy -tandmy SPIoA 3y8TU  -punog uoiseaqy -diosqy o131o0dg 321§ UOTIBOTY
IIBHIY otue2Ig sdung L) . . -uTBIH ~-ISSBYH . WoIY
TT= 0= 62 8¢ Lx 9 G 2 €% Tx [£3

JIVOEYDOV HIZ¥ONOD ¥04 1S3l AMOLVE0LVT 40 MHHHZ<DG AR S A0






4 s

e

N s

~rr

pld

~—

R N
“-
-

-

13

sy
.

™~

B




./.u.L. ~

N

DRI
)

(R

1«

annec

LS

2'?1

VW& No.

/- KIKULET




JA

Fi

]
el
-

A .

: &M..n.‘...w.......,n N

..r..‘.\....

T e

. . .. A

4
-~

e e

- B X.u\\l.ﬁ

Va2 I IJ
YT .
.[..m.\




(m)

so0™
)

=
c -
o .
= £
o S @ .
Lz @ 20
L o W R
D .
Wl - .
— -l -
- - W
D v
Or

PR ———

b

JAPAN INTERNATIONAL COOPERATION AGENCY

KIKULETWA No.t EXISTING HYDROPOWER STATION

LOCATION OF DRILLHOLES

3.3.1.

Fig.

4§ AND KIKULETWA No.2 HYDROPOWER FROJECT

Nt

//y o

HFE SN
A

,1
- A N
TR

DG
Sy

i
P
',

T
H. :

*

- we i
. ./ Vgom i g
I .. = |
: e e e, . . L .
” * . |n..mm "——I. . . -
Coe. L N P :
'z w
Q| i
P } |

\ ot
b RELTE A Lio)

p la nn

- ‘
T Py

™~
P
., M










LEGEND

Area of Geological Plan

Sumpling Location for Loboratory Tests

Ku!‘un .No.5
5 _y_ﬁw
f

JAPAN INTERMATIONAL COOPERATION AGENCY

KI.KULETWA No.1 EXISTING HYDROPOWER STATION
AND KIKULETWA No.2 HYDROPOWER PRQJECT

SAMPLING LOCATION FOR
'LABORATORY TESTS

Fig. 3.4.1. |

39







o 'CHAPTER;A
. GEOLOGY







CHAPTER 4 GEOLOGY
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CHAPTER 4 GEOLOGY

4.1 GENERAL GEOLOGY OF PROJECT AREA
4:.1.1 Topography

The nine (9) potential sites are located in the following

topographical areas.

— Mt. Kilimanjaro Area : Kikuletwa No. 1, Kikuletwa No. 2, Himo No.

1 and Himo No. 2 ﬁétential sites.

— Mt. South Pare Area : Thindi, Gulutu, Ndﬁhgu, Hingi1il1 and Bombo
potential sites

The sites in the Mt. Kilimanjaro area are all distributed along
the south foot of Mt. Kilimanjaro. The potential sites in the
Mto_South Pare Area are on the esast slope of the 2000-m high Mt.

South Pare.

The'tqpogfaphiéal conditions of the Mt, Kilimanjaro Area, where the
geological”investigation work was undertaken for Kikuletwa No, 1

and Kikuletwa No. 2 sites, are described below.

Thé'sites of the Kikuletwa No. 1 Hydropower Station (which would be
fehabilitéted'under the prOposed-p£ojECt) and the proposed
Kikuletwa No. 2 Hydropower Project are located om a vast plain,
. which has én elevation of 700 to_BOO m; at the south—-southwest foot
of Mt:'Kilimanjaro (EL. 5,895 m). The two sites are approximately
45 km from the peak.

The Himo River, Karéhga'River, Weru Weru River and Kware River, the
_éoﬁfcés of which are_ﬁear.the sumnit, flow down the southern slope
of the_mountaiﬁ'in é.fan—like pattern. These streams ultimately
drain into the.Kikuletwa River south of the city of Moshi. The
Kikuletwa River,. after passing the Nyumba Ya- Munga  Reservior,
fbecomes the Pangani River which empties into the Indian Ocean at

'Tanga.

Mt. Meru (EL. 4,566 m) is located about 70 km west of Mr.

' Kilimanjaro, and also has a fan~like pattern of streams flowing down
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4,1,2

its slope. One of these streams 1s the main tributéry of the

upstream portion of the Kikuletwa River.

The Kikuletwa No. ! and Kikuletwa No. 2 sites are both located in
the vicinity of the confluence of the Kware River, flowing from

Mt. Kilimanjaro and the Kikuletwa River, flowing from Mt. Meru.
The topographical cdnditibns cof the other seven potential sites
are described in APP. III.

Regional Geology

The nine (9) botential sites can be broadly divided geologically

into the following areas.

~~ Volcanic Rock Area : Kikuletwa No. 1, Kikuletwa No. 2, Himo No. 1

and Himo No. 2 sites

- Gneissic Rock Area : Thindi, Gulutu, Ndungu,.HingiIili and Bombo

sites

Volcanic products of Mt. Kllimanjaro are spread widely over the
volcanic rock area; gnelssic rocks of the Usangaran System of . the
Pre~Cambrian Age are distributed widely over the gneissic rock area.
The geological conditions in the. volcanic rock area, where the
geological investlgatlon work was performed for the Kikuletwa No. 1

and Kikuletwa No. 2 sites, are described Belowe

Radiometric da;ing ofIVOICaﬁic rocks in Kenya has yielded a value of
i3 to 15 x 106 years BP, so that Mr. Kilimanjaro's volcanic ectivity-
is thought to have started bét#een the Miocene and Pliccene eras.
it is thought that the frequency of activity gradually decreased
from the Plelstocene to the Holocene eras. In present times, volca-

nic activity is limited to localized eruption.

Past_activity can be_divided into three'stages, which were respec-
tively involved in forming,Kilimanjaro's three main peaks, known as:
Shira, Mawénzi, and Kibo. Shira; coﬁposed'predOminantiy of lava

with pyroclastic rocks, is considered the result of the first of



these stages. Mawenzi developed at the next stage, with volcanic
products = chiefly basaltic lava accompanied by tuff breccia and
agglomerate — flowing mainly down Kilimanjare's southern and eastern

faces.

Kibo is the formation of the most recent activity, duriﬁg which
voleanic products were released mainly on the northern and southern

sides, The lava of Kibo is divided into the following 10 groups.

Inner Crater Group

Caldera Rim Grogp

Small Rhomb Porphyry Group
Lent‘Group.

Rhomb Porphyry Group

Upper Rectangle Porphyry Group.
Upper Trachyandesite Group
Lower Rectangle Porphyry Group
Lava Tower Trachyte Group

Lower TrachiandeSite Group

‘These lavas mainly consist of volcanic rocks or porphyry such as
t;achyandeéite, trachyte, phonolite, and rhomb porphyry. In addi-
tion, a volecanic deposit known as "Lahar" is also present where the

Kibo velcanic producits are distributed.

The Kikuletwa No. 1 and No. 2 sites are loéated both in- the areé of
the Kibo volcanic pfoduct distribution;‘_For both sites, the volea-
nic products are of the Rhoﬁb Porbhyry Group partiaily overlayed
with Lahar.

A reglonal geological map® showing Mt. Rilimanjaro, and the Kikuletwa
No. 1 and No. 2 sites is provided in Fig. 4.1.1. The geological
-conditions of the other sites are described in App. IILI.

* "Geological Map of Kilimanjaro" by Miﬁiétry of Iﬁdustriés,
Mineral Resources and Power {Geological Survey Division),
1965, ' .



4.1,3 Geology of Kikuletwa No. 1 and No. 2 Project Area

The results of the JICA team's aerial photo interpretation, detailed
geological field surveys, and core drillings indicate that the
geology of the Kikuletwa No. 1 and No. 2 Project Area may be sum-

marized as follows:

(a) The sub-area upstream of the proposed site for the Kikuletwa
No. 2 intake dam. This area Includes Kikuletwa No. 1 project

areda.

(b) The sub-area from the proposed site for the intake dam to the

proposed powerhouse site for Kikuletwa HNo., 2.

(¢) The sub-area downstream of the proposed site for the Kikuletwa

No. 2 powerhouse.

The topographical differences of these sub-areas are considered to
be due to the geologies which formed them.- fhe geologieé concerned
are those of the Kibo "Rhomb Porphyry Grouﬁ".aﬁd'of.the "Lahar".

The former within the project area, consists of dark grey tuff brec-
cia, with part of the top layer containing liﬁestbné.'.The "Lahar"
is itself of reddiéh brown colbr; the "Lahar” studied in the'surface'
reconnaissance and core drilling, however, had a high degree of con-
solidation, and presented the appearance of tuff breccia. This
consolidated Lahar contains numerots blocks, which abpear’to'be ph04

nolite characterized by megé—phonocrysts.

In this report, the Rhomb Porphyry Group will be referred to Tuff
Breccia (2); and the gedlogy containing Lahar will be referred to as

Tuff Breccia (1).

Sub-areas of (a) and (c¢) are composed of Tuff Bréccia'(Z); sub—area

{b) is composed of Tuff Breccia (l).

Origins and Stratigraphies

It is estimated that Tuff Breccia (2) was accumalated in the volca~ -
nic activity of Mt. Kilimanjaro and was subsequently.subjected in

part to the sedimentary énvironment of limestone. Tuff Breccia (1)



is coﬁsidered to be a secondary deposit of volcanic products and is
thought to have covered Tuff Breccia (2) in the form of filling
valley topography when flowing down the slopes. 1In the area
studied, the thickness of Tuff Breccia {(2) is greatest.in'the
vicinity of the midpoint of the headrace planned for Kikuletwa

No. 2, where it is estimated to exceed 50 m.

Hydrogeological Conditions

Springs which flow into the Kikuletwa River are located about 2 km
"upstream of the exisﬁing-TANESCO Hydropower Station, in an area of
Tuff Breccia (2) distribution. The volume of spring.water is com-
paratively stable throughout the year. This, together with ﬁhe fact
that the existence of confined water has been recognized in Tuff
Breccia {2) through core drilling investigations at the Kikuletwa
No. 2 intake dam site, downstredm of the spring locatfdn, make it
seem quite likely that some part of the Tuff Breccia (2) layer is an

aquifer.

Talus deposits and alluvium are present’ as unconsolidated deposits
overlying the basewent rocks. These deposits are either distributed

over small areaé, or are thinly and widely distributed.

No prominent fault struétures, landslides or slope failures have

been recognized in the project area.

The'gedlogical plan of this project area is presented in Fig. 4.1.2,
and the géologiéal logs of all drillholes are shown in Fig. 4.1.3.

4.2 TOPOGRAPHY AND GEOLOGY OF KIKULETWA NO.1 SITE
4,2,1 progféphy'

Kikﬁletwa No. 1 Hydrdpéﬁer.StatibnIis'located adjacent to the
.existing TANESCO power station, on'the left bank of the Kikuletwa
Riﬁer'imﬁédiately dpétféam of the cbhfluence of the Kikuletwa and
Kware Rinrs.fTThé topography of the_areé'from.the intake dams on -
both the Kikuietwa and the Kware to the ﬁowerhouse site, is that of
a flat table at an elevation of approximately 830 m. A head of
approkimately 15 m from this tableland to the bed of the Kikuletwa

River is used for power generation.
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4,2,2

4.2.3

From the intake dams to the'powerhouse, the average river gradients

are 1/30 for the Kikuletwa River, and 1/110 for the Kware River.

Geology along Canals

The existing Kikuletwa and Kware canals are located in Tuff Breccia
(2) interbedded with thin tuff layers and tuffaceous sand layers.
The tuff breccia is generally fresh and hard, although siight
weathering can be seen near the ground surface. The tuff layers are
associated with the tuffaceous sand 1ayers,.and the maximim c¢ombined
thickness of the two is 1.5 m. The two are horizontally distributed
only in the upstream area of the Kware Canal. A very thin layer,

(less than 1 m), of talus deposits covers these basement rocks.

Geological Engineering Assessment

Judging by the geologies of the canal routes, thére seems little
possibility_of natural water leakage from the rock layefs along the
canals. Neﬁertheless, canal repair will probably be necessitated as
a result of leakage.from bedrock due to scouring, and leakage from
embankment due to long—term water flow. The geological profiles of

the existing Kware and Kikuletwa canals are shown in Figs.

"4.2,1(1-2) and (2-2).

Geology of Powerhouse Site

The powerhouse site consists of a 10-m thigk'lens of limestone inter-
bedded between Tuff Breccia (2} and Tuff Breccia (1). Core drilling
has revealed that both rock masses are fresh and hard, and that
except for the limestone lens, there are fey cracks. The per-
meability coefficient of.the iiméscone lens 13'16"3 cﬁ/sec, but that
of the underlying Tuff Brecciar(Z) is 1077 cm/sec. The grouﬂdwater
level is found in the limestone lens at EL. 820 m, approximately 3 m

above the river—-bed elevation.

Unconsolidated deposits consisting of talus deposits and alluvium,

cover the basement rocks. These depoéits, however, are very thin.,



Geological Engineering Assessement

It is believed that Tuff Breccia (2) is distributed at the foun-
dation of the'ﬁroposed powerhouse site, The Tuff Breccia (2)
possesses ample bearing capacity to serve as the foundation rock for
the.ﬁowerhouse. No problems are anticipated in construction of the

powerhouse.

As for slope stability in foundation excavation, the bedrock is
massive and hard, while unconsolidated depoéits are very thin. It,

therefore, appears that ample stability can be secured.

The geological section of the power station site i1s shown in Fig.
4,2.2.

4.3 TOPOGRAPHY AND GEOLOGY OF KIKULETWA NO.2 SITE

4.3.1

Topography

The intake dam and the powerhouse site for the Kikuletwa No. 2
Hydropower Project are located approximately 2 km and approximately
6 km, respectively, downstream of the existing TANESCO power sta—

tione.

The topography from the intake dam éite (including the regdlating

reservoir area) to the powerhouse site is that of a gently sloped
tableland, of elevation from 800 to 840 m. The section from the

intake dam site to the powerhouse site excluding the reservoir area

shows a predominance of small mounds on the tableland.

The Kikuletwa River flows down the tableland from the intake dam

site toward the powerhouse site, gradually descending to form a "V"

.shaped valley, and meandering slightly. The average river bed gra-

dient in the regulating ‘reservoir area (1nc1ud1ng the intake dam

_site) 13'1/500,_ The gradient between the intake dam and powerhouse

site is 1/50.



4.3.2

Geology of Repgulating Reservoir and Intake Dam Site

The regulating reservoir and intake dam site are composed of Tuff

Breccia (1), Tuff Breccia (2) and limestone. The Tuff Breccia (1)

thinly overlies the Tuff Breccia.(Z) almost horizontally, with

limestone interbedded at the boundary between the two. The

limestone lens is limited to the vicinity of the intake dam site.,

All of the bedroéké are generally hard, and except for Tuff_Breécia
(1) at the surface layer of the right bank of the intake dam,'fhe
permeabllity coefficients are 1074 o 105 em/sec. The groundﬁater
level at the intake dam site is EL. 813 m, approximately 2 m above
the water surface on both banks of the Kikuletwa River.
Unconsolidated deposits, consisting of Eélus deposgits and alluvium

overlie the basement rocks. These deposits, however, are extremely

thin.

Geological Engineering Assessment

Tuff Breceia (1)}, comprising the left and right abutments of the
intake dam, appears fully satisfactory with regard to bearing capa~-
eity and watert1ghtness. A high permeabllity coefficient of 107 3
cm/sec is found on the right-bank. However, the tesi site was
located above the proposed high water level, and does not provide

data to determine whether or not watertightness may be endangered.

In regard to the Tuff Breccia (2) in the'riverbed of the intake dam,
slimy core samples were recovered from.long sections; and ﬁﬁefe
remain many unknowns regarding the distribuﬁion of fissures and the
hardness of the bedrock. However,.investigation has clarified the

following points.

- The slimy core and rock Cores_in.the same drill hole ére-bf_the
sane petrographical quality. Accdrdingly, there is little'possi— '
bility that the slimy cores are unconsolidated deposits such as

sand layers.

~ According to permeability test results, the Tuff Breccia (2) shows
small permeability coefficients of 1(}‘4 to 1077 cm/sec, indicating

that there are no large leakage’ seams.'
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For these reasone, it appears that the Tuff Breccla (2} will satis-
factorily serve as the foundation for the intake dam, and as

probléms will arise.

It should be noted that spring water, of about 5 lit/min, was
observed at the top of Drillhole ¥KD-2. Attention will, therefore,
be required regarding the handling of this water, during excavation

for the dam foundation.

There is no risk of landslide or collapse of the surroundingé of the
regulating reservoff; nor does there seem to.be any geological
insufficiency in this respect. Considering the geology and the
results of permeability tests at the intake dam site, there also
appears to be no problem regarding the watertightness of the regu-

lating reservoir.

The geological section of the intake dam site is shown in Fig.
4.3,1. ' '

4,3.3 Geology along Headrace -

The geology along the headrace route is Tuff Breceia (1) overlain at
pafts:byiﬁefy_thin talus deposits of not more than 1 m. So far a$
ascertained in core drilling, the Tuff Breccia'(i) is well=-
consolidated and hard to a depth of 20 m from the ground surface.
Bldcks thought to be phonolite, which exist in large numbers in the
bedrock, ére véry hard, and their hardness differé from that of the

fine material surrounding themf

For all drill holes, permeability coeffiéiénts at depths bﬁer 10 m
from the ground surface were found to be 1077 cm/sec or leéss. The
groundwater ievel is highest near the midpoint of the probosed
headrace, while it i$ about the same as or lower thah:the'headrace
elevatioh in fhe'vicinities of the intake dam, loca#ed upstfeam, and

the head tank, located downstream.



4.3.4

Geological Engineering Assessment

It is expected that excavated high slopes will be formed at the pro-
posed headrace because of topograﬁhical features of the route. The
properties of the Tuff Breccia (1) indicate that the cut slopes will
be stable. As the headrace route runs through a gentlj—sloped ‘
tableland, there 1s little risk that of debris and loose soil from

the surrounding ground surface will slide into the canal.

If 2 tunnel were to be proposed for the headrace, however, the

following two problems would have to be faced:

~ The rock cover to.the ground surface is thin for tumnel execava-

tion.
- The midpoint of the tunnel Qould pass below the groundwﬁter table.
A geological section of.tﬁe headface is shown in Fig. 4.3.2
Geology of Penstock and Powerhouse éites

The geology of the pensﬁoak_and powerhouse sites consists of Tuff
Breccia (1), Tuff Breccia (2), and limestome. The Tuff Breccia (1)
overlies the Tuff Breccia {(2) more or less horizontally. There is

10-m of limestone interbedded at the boundary.

The Tuff'Breccia (1) is wellwcqnsﬁlidated, éﬁd, at depth of 10-m and
more, the permeability is a low 1072 cm/sec. ‘The limestone and

Tuff Breccia (2) are hard, but, are also brittle in many places. The
groundwater table along the élope is approximately 10 m below the

ground surface.

The unconsolidated'deposits'covering the basement rocks are very
thin with talus deposits several tens of centimeters thick observed

on the tableland.

Geological Engineering Assessment

Along the penstock roﬁte; the hasement rocks are of;Tuff.Breccia'.
(1), limestone, and Tuff Breccia (2). The poﬁefhouée'site will be

located on Tuff Breccia (2)'bésement rock.l'All the rocks here are
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thought to pogsess ample bearing capacity. Bedrock is exposed at
the penstock'sldpe, and there is no risk that unconsolidated depo-
sits will slide.

The geological sections of the penstock and powerhouse sites are

shown in Flg. 4.3.3.

4.4 CONCRETE AGGREGATE

4.4.1 Test Results

The test results are shown in Table 4.4.1 and Fig. 4.4.1 The

test items and results are described below.
(1) Classification of Aggregates

The samples subjécted to aggregaté tests may be broadly
classified as follows: perCIastic materials, such as alkaline-
basaltic sand and sand-gravel, which are of Mt. Kilimanjafo-
volcanic'ofigin and which were taken from R. Karanga, T.P,C.,
and Hai; and déposits of quartz, feldspar, and'limestone, which
are of Precambrian sedimentary origin, and which were taken from

Nyumba ya Hungu and Kiteto.
{2) Sieve Tests

8ilt and éiay fines of less than 0.074 mm which were contained
in the samples, were washed away; and sieve tests were carried
-out on the larger sizes, which would actually be used as aggre-

gates. Test results revealed the following:

- The natural materials from borrow pits for fine aggregates at
Kiteto (No. 5, No. 7, No. 8, No. 12) and from Nyumba ya
Mungu, and the 1/4*inch.cr05hed.material of Hai, show very

similar gradatiOns,

= The_natﬁral materials édﬁﬁaining fiﬂe and coarse aggregates
.éhbﬁ_a greater value than that of the gradation curve.

..]These.materials can be broadly divided into the two groups of
R._Karénga (No. 2, ﬁo. 1-3 1 No. 1-3 2 ) and R. Karanga
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(3)

(4

(5)

(6)

(No. 3-3, No. 5-1), T.P.C. (No. 1), the former being higher

in coarse material content.

Specific Gravity

Specific gravity figures obtained on samples'were 2,60 tb 2,73
for Kiteto, 2.71 for Nyumba ya Mungu, 2.54 to 2.57 for Hai,
2.43 to 2.46 for R. Karanga, and 2,52 for T.P.C. The values
for the samples collected in R, Karanga and T.P.C. aré on the

low side, as there was a high content of fines below 0.074 mn.

Absorption

Absorption tests revealed values of 10.7 to 14.2%
for fine aggregates (Kiteto, Nyumba ya Mungu, Hai
1/4"), 1.9 to 2.8% for coarse aggregates (Hai 1/2", 3/4", 1"),

and 15.2 to 24.17%7 for mixed materials (R. Karanga and T.P.C.).

Thus, for fine aggregates and mixed materials, the values were

_'large.

Abrasion

Abrasion tests of coarse aggregates ylelded average

values of 22.3 to 24,9% for Hai, and 25.2 to 27.2% for R.

Karanga.

~ Soundness

Soundness tests on fine aggregates yiéldéd'values:of 4.6% to
7.2% for samples from R. Karanga, and 5.2% for Nyumba ya Mungu

=~ Indicating that these materials would strongly resiét .
weathering. Values of 6.4% to 14.1% were found for Kiteto

suggesting some slight‘weakness in'weathering'teéistance.

For coarse aggregates, the values for Hai were 2.3% to 3.2%;
the values for R. Karanga were 2.7% to 3.0%Z. These materials

will strongly resist weathering.



(7)

(8)

Unit'Weight and Voids

The results of unit weight and void ratio tests on samples were

ags follows.

Unit weight (kg/cu.m) Void (%) Remarks

Kiteto 1,942,2 ~ 1,994,7 24.4 - 26.7 TFine aggregate
Nyumba Ya Mungu  1,890.0 29,2 o

Hai (1/4™) 1,698.4 33,6 "

Hai (1/2") 1,542.7 39.0 Coarse aggregate
Hat (3/4") 1,542.7 39.2 "

R. Karanga No. 3 1,739.3 29.8 Fine and coarse

) materials
R. Karanga Ne. 5 1,990.5 17.7 "
TPC 2,040.6 8.7 . m

Clay Lumps

Tests were perfqrmed by two methods: ASTM C 142, for
material coarser than 1.2 mm; and BS 812, for material coarser
than 0.075 mn.

The test results were as follows.

ASTM-(1142 BS 812 " Remarks

Kiteto 1,3 - 2.8 4.1 - 4.6 Fine aggregate
ﬁyuﬁbé Ya Mﬁngu - 2.5 "

Hai (1/4") 0.7 6.3 "

Hai (1/2?) 0.5 - Coarse aggregate
Hai (3/4") 0.8 - oo

R. Kafanga 1.5 - 1.9 20,6 Fine and coarse

SR _ materials

T.P.C No. 1 1.4 16,9 "

The BS-method tests yieldéd 1argef values. - The difference

befween'the two . methods was'ﬁéfticﬁiatly large in the case of

Lmiked ma;erials from'R; Karanga and'T.P.C.
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(9) Organic Impurities

Tests of samﬁles from Kiteto and Nyumba ya Mungu pfoducéd
light yellow colors close to the standard; samples from R,
Karanga and T.P.C., however, showed dark brown. This indicates
that the latter samples contain large quantities of organic

impurities.
(10) Crushing Test

Crushing tests ylelded values of 22.0% for the Hail samples, and
15.0% for the R. Xaranga samples.

(11) Alkali-Aggregate Reéctivity

Alkali-aggregate reactivity was tested by Tanzanlan Standards
(TZS 58), The test results indicated that fine aggregates of
5 mm and under T.FP.C., Hai, and R. Karanga were sllghtly high
in reactivity when compared with other samples.. However, all
the coarse and fine aggragates tested were within tﬁe éilowable

limits,
(12) Concrete Tests
Tests on fresh concrete and'hardened_concrete were performed

on the aggregate combinations shown in Table #4.4.2

Table 4.4.2 COMBINATION OF AGGRECATES

Coarse "y . ;

. s + Tt * + T + 117
agaregate Hai (1/2 1")  Hai (1/2 1) Karanga Hai (3/4 + 1™)
Fine. Kiteto .N umba ya Mungu Karanga T.P C
aggregate ytmba. y £ g e

(a) Tests on Fresh Concrete

Tests on fresh concrete were performed for slump, compace-—
tion value, air pore content, and density. The test

results are given in Table 4.4.3.
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Table 4.4.3 RESULTS OF TEST FOR FRESH CONCRETE

Aggragates KITETO/HATL NYM/HAI' KARANGA TPC/HAI
in concrete Values for: Values for: Values for: Values for:
Test _ Fresh Mix Fresh Mix Fresh - Mix Fresh Mix

Concrete Design Concrete Design Concrete Design Concrete Design

WORKABILITY: medium medium medium medium medium medium medium medium

~Slump . mm*} 36 30~60 39 30-60 40 30-60 34 30~60
=Compaction  1.11  1l.1-1.24 1.12  1.1-1.25 1.12 1,1-1.25 1.13 1.1-1.25
Vz_ilue*2 . .

AIR PORESZ*3 3.0 1.5 2.4 1.5 1.8 1.5 2.0 1.5

DENSTTY t/m3 2.37 2,32 2.43 2,33 2,24 2.42 2.36  2.29

*1: Bs 1818 *2: pg 1048  *3: Bs 1881

(b) Tests on Hardened Concrete

Compressive strength tests were carried out for hardened

concrete., The results are given in Table 4.4.4.

Table 4.4.4 RESULTS OF TEST FOR HARDENED CONCRETE

MEAN COMPRESSIVE STRENGTH (N/mm?%)-

'After 7 days After 28 days

. AGGREGATES 1N
'CONCRETE_ Méésured Target _Meésured Target
KTTETO/HAL 202 19.0 26.9 31.6
CNYM/HAT O 18.4 . 19.0 28.2 31.6
RARANGA 8.6 19.0 L 15.9  31.6
TPC/HAT 19.0 190 27.1 31.6
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