is very geﬁtle at approximately 1/500, and the Kihansi,

while meandering, changes its course to the northeast.

7.3.2 Geologies of Upper Kihansi and Lower Kihansi Project Area

(1)

(2)

Rock Types

The Upper Kihansi and Tower Kihansi project sites,
as shown in Figs. 7-4 and 7-5, are composed of
gneisses, and slope wash and alluvium which cover

these gneisses at parts.

The "gneisses" mentioned here is a general term for

biotite gneiss, quartz gneiss, amphibolite, and

lamprophyre, -and of these, biotite gneiss is

distributed the most widely. According to existing
literature, quartzo~feldspathic  gneiss is
predominant in this afea, but at  least ‘in the
surrounding areas of the planned structures, since
biotite is found in comparatively large quantity in
the rocks, these rocks will hereafter be called
biotite gneiss in this Report.

Slope wash and alluvium -are mainly distributed
downstream of the Lower Kihansi dam site, and are
seen at the foots of c¢liffs and in the KXilombero

Valley.:
Geological Structure and Faults

The foliation.of the gneisses trends as a whole in
the NNE-SSW direction, and dips 20° to 70° to thé
west. According to aerial photo interpretation'df
this area there are predominant'1ineament.patterns
in the N-8, NEaSW,~Zand- WNW-ESE - directions.

Particularly, many of the 1ineament-patterns in the

. N-S and WNW~ESE directions among these areflongfa#d

continuous. Faults confirmed by-outcrdpping at the
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(4)

(5)

surface are only the. two in the vicinity of the
Upper Kihansi dam site, and even at Uzungwa Scarp
cbnsidexed to be a fault escarpment, there are no
sites .where faults have been confirmed at the

surface..
Weathering

Although not shown in TFigs. 7-4 and 7-5, a
comparatively thick weathered layer covers the area
upstream from the vicinity of the Lower Kihansi dam

site. . According to boring investigations made at

- the Upber_Kihansi dam. site, there are places where

a‘weathered.layér_30 m or more in thickness has been

.confirmed. Since outcrops of bedrock are seen

comparatively frequently at the river bed of this
area as a whole, it may be said there is a trend for
the weathered layer to be thick at the gently-sloped

ridges and thin in the vicinity of the river bed.
Landslides and Scars

Accordiﬁg to aerial photo interpretation and surface
reconnaissances, topegraphy indicating occurrence of
landsliding cannot be seen in this area. All of the
scars are of small scale, where soil or weathered

material at the'surface have slidden down.
Rock Evaluation

In cla551fy1ng rock as the foundation of a

structure, "weatherlng" "hardness“ and "intexrval of

~ cracks" of the rock may be con51dered as fundamental

factors governlng englneerlng ‘geclogical propertles.

In view of thls, the cores obtained in the boring

'1nvest1gat10ns of this, ~area have been classified

accordlng to the standard of rock classification
given in Table 7-3. ROCk_ClaSSlflCatlon, in the
first place, is to be . done on side walls of adits
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“and excavated surfaces of rock for classification

according to - five grades focusing on the

abovementioned three fundamental ~factors to
comprehensively evaluate the engineering geological
structures

properties of rock as foundations of

based on these classifications.

However, since adit excavation and rock excavation
have not been carried out in this investigation, the
rock evaluation criteria given in Table 7-4 were
tentatively prepared with boring core observation
‘results as the means for evaluating rock from the

standpoint of rock

éengineering geology. "The
evaluations (grades) based on the above are used in
the explanations of the geological prdpérties_of_the

various sites described below.

The rock evaluations and the results of tests
concerning rock strengths of boring cores obtained
at the various in Table 7-5.

Organizing the test results by rock type'and by rock

sites are g¢given

evaluation, they are as shown below, and it can be

seen that the rock evaluations used here reflect the

engineering geological properties to an extent.

Tensile

Rock Uncoﬂfined Com-
Evalu~ pressive Sgrength Strengﬁp
Rock Type ation (kaf/cm’} (kgf/cm”)

Av. values in ( )° Av. values in ( )

7 - 18.

Biotite gneiss (b 559 (559) - _

" © 80 - 543 (243) 10 - 32 (19)

oo @ 108 (108) 22 (22)

Quartz gneiss C) 784 - 1109 ‘(947) 40 - 68 (54)

. (© 701 - 799 (750) - =
amphibolite ® 1844 (1844) 152  (152)
| " © 571 (571) 25 (25)
Lamprophyre © 2335 (2335) 105 (105)



The rock evaluation criteria given in Table 7-4 are
of a nature that they should be modified if there
are any points to be changed on comparisons with
boring cores obtained when investigations are made
in the future through measures such as adit

excavation.
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Table 7-5 Results of Dyilled Core Test

‘EQlB No. Rock Rock Sﬁecific Absorp- | Unconfined Tensile
inbepth | Mamo | Bvln |G eion | Gomession | Splisting
KU-1 33.2-33.5 |B-Gn ¢ - (d) 2.1 2.8 110 | 10
" 35,4-35.6 |Q-Gn p 2.3 0.4 701 -
" 35.7-35.9 | v c 2.2 0.6 799 -
KU-3 30.5-30.8 |Am c - (d) 2.4 0.6 571 25
" 36,7-37.0 |Q-6n b 2.1 0.6 | 784 40"
KL-1 5.5-5.8 |B-Gn ¢ - (d) 2.2 3.9 80 -
" 15.0-15.3 | c - (by | 2.3 1.2 154 17
" 17.5-18.0 | La c - (b). | 2.9 0.03| _2,535' 105
KL-2 9.7-10.0 |B-Gn c - (b 2.1 2.6 138 15
" 15.5-16.0 Am b - (a) 2.9 6.03 i,aaa 152
KL-5 6.8-7.0 |B-6Gn | ¢ - (b} 2.3 0.6 424 32
s 7.5-7.8 | * c - (B 2.3 0.5 563 BETY
s 13.5-11.8 | * d - (c) 3.0 1.3 108 22
" 18.5-19.0 | ° b - (&) 2.3 0.5 559 - -
KM-1 18.3-18.7 ) Q-6n b 2.3 0.3 | 1,109 68
KM-2 17.2-17.4 | B-Gn c 2.5 0.3 252 -
site Q-2 Rock | - - 2.4 0.3 807 | 31

Note: "B-Gn" Biotite Gneiss
"Q-Gn" Quartz Gneiss
"Am" Amphibolite
"La® . Lamprophyre

7 - 22
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7.4 Geology of Upper Kihansi Project Site

7.4.1 Reséwoir

(1)

Topography

Upper Kihansi Reservoir of design high water level
at EL. 1,360 m is surrounded by comparatively gentle
mountains of elevation from 1,400 m to 1,500 m. The

“distance from the dam site to the end of the

reservoir backwater is approximately 8 km, and the
high water level valley width at the maximum point
is approximately 400 m.

-There are the two large rivers of the Kihansi and

the Ruaha in the projected reservoir area, and the
two merge approximately 2 km upstream of the
projected dam site. The average river-bed gradients

~inside the. projected - reservoir area are
~approximately 1/65 for the former and approximately

1/130 for the latter, and both of the rivers run

- down with small = waterfalls here and there.

Comparatively large tributaries which join the

mainstream in the vicinity of the dam site are the

one at the left bank immediately upstream of the dam
site, another at the left bank approximately 1.8 km

upstream, and one at the right bank approximately

1.0 km upstream.
Geology

The reservoir area consists of gneisses, in which
foliation can be seen in the N 0° - 37°E, 30° -

j60°NW-dire¢ti0n}rdughly parallel to the flow of the

_.Ruaha _River, ~and .slope wash and alluvium.

: COmparatively_fresh gneisses may be observed at the

river bed where small waterfalls are formed, but at

-the'géntly sloped=mbuntéinsidé-outcrops of rock are

extremely few since residual_:Soil lies on the
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(3)

surface over a wide area. 8lope wash and alluvium
are only found locally at parts of the Kihansi
River, Ruaha River; and their tributaries, all of

which consist mainly of fine sand.

According to aerial photo interpretation, lineament
patterns of NE-SW and WNW-ESE systems are
predominant in the reservoir area. The NE-SW
lineament pattern more or less coincides with the
direction of foliation of gneisses in the basement
rock. The WNW-ESE lineament pattern crosses roughly
orthogonal to the former, and there is a possibility

of existence of continuous joints or faults.

- Geological Properties in surroundings of Reservoir

The point approximately 2.5 km west~southwest of

" 'the dam site, as shown in Fig. 7-6, comprises a‘
thin saddle. The results of seismic prospecting
performed there with the purpose of investigating
the geological properties are also .shown in Fig.
7-6.

On comparison of - the results of seismic
prospecting done at XU-1 drillhole at the dam
site, it is estimated that this thin saddle is
covered by residual soil or weathered rock of
thickness about 15 m and rock evaluation of Grade

Engineering Geological Evaluations
Evaluations of the Upper Kihansi reservoir area from

the viewpoint of engineering geology may be

summarized as follows:
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7.42 Dam

(1)

i) Slope Stability

The slopes of the reservoir and in the
surroundings are ¢gentle and are widely covered
by residual -soil. Landslide topography and
large--scale distribution of slope wash are not
‘recognizable., It is judged that the stability
-of reservoir slopes will not be endangered under
present conditions and by future storage of

water.
ii)} Watertightness

This area is mainly.constituted of gheisses and
their weathered products, and geclogically-
speaking, it is thought the watertightness of
the area will be high. However, the thin saddle
at the right-bank side of the reservoir
approximately 2.5 km west-southwest of the dam
site is adjacent to another river basin, and

.‘dependiﬁg”on the géological propertiés, it could
be possible that water will escape outside. It
is estimated from seismic prospecting that this

saddle is covered with fairly thick residual
soil or weathered rock, and it will be necessary
for investigations of permeability to be made
hereafter along with carrying out of accurate
topographic surveying.

poography

~The  dam :Sife:'ié'-100ated_ﬁappr0ximately 2 km

.downstream from the confluence of the Kihansi River
and the Ruaha River, where the Kihansi changes
course to the soﬁth at'a'river=bed elevation of
approximately 1,270 m. The dam site has

-7 - 29



(2)

inclinations of approximately 40 deg at both banks.
Immediately downstream of the projected dam site on
the right-bank side there is a gully in the WNW-ESE
direction roughly parallel to the Kihansi River so
that the right-bank side takes the form of a scraggy
ridge sticking out. The river-bed width is 20 to
30 m, and the Kihansi River which flows down gently
to this point starts dropping down in a continuation
of waterfalls 5 to 10 m in height downstream of the

projected dam axis.

Vegetation at the dam site is slightly dense with
the site covered with grass and bushes.

Geology
i) Rock Types

The dam site, as shown in Figs. 7-7 and 7-8, is
composed of biotite gneiss and guartz gneiss,

overlying with slope wash and alluvium,

'The Ibiotite gﬁeiss and guartz gneiss, which
comprise the basement rock are seen to be
comparatively fresh and sound at the surface in
the river bed of the Kihansi. River.  On the
other hand, slope wash and alluvium are
distributed in parts at foots of slopes and
gullies or.aldng the Kihansi River. The slope
wash is fine-grained on the whole,. while
alluvium contains large gravels in the fine- .

grained material.
According to boring investigations at the lefﬁ-

bank slope, amphibolitic gneiss is also found as

a basement rock,
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ii)

iii)

Geological Structure and Faults

The foliation of gneiss, although showing some
amount of wvariation in strike and dip locally,
indicates as a whole a direction of N37° - 47°E,
36 - 70°MW for a dip to the right-bank side of
the projected dam. Joints are seen in the same
direction as the foliation and in a direction
perpendicular to this. Two faults were confirmed
at the ground surface downétream of the dam axis
and parallel to the direction of foliation. The
widths of fracturing of the faults are from 200
to 400 cm. These faults do not extent in the
direction ~of the projected dam structure

foundation.

" Meanwhile, according to aerial photo

interpretation, lineament patterns in the WNW-

'ESE direction are seen along the Kihansi River

and along a gully downstream of the projected

‘dam axis. These have not been confirmed through

-outcrops, but it is possible they are faults.

Weathering -

According to boring investigations, weathered
rocks evaluated as Grade (e) to Grade (d) have
been confirmed at the right-bank slope boring

gite to a thickness of approximately 24 m, at

the left-bank slope boring site to a thickness
of approximately 16 m, and further, at the
boring site at a ridge sandwiched by the Kihansi

River and a guily immediately upstream of the

dam axis to a thickness of more than 30 m. At

- the bed of the Kihansi River there is wide

distribution of comparatively fresh and hard
rock evaluated as Grade (:) or higher,
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iv) Bedrock Strength
If the weathered bedrocks at the right- and
left-bank slopes of the dam site are excepted,
the dam site is generally constituted of bedrock
of rock evaluation not lower than Grade (¢ .
The unconfined compressive strengths and tensile
strengths of these bedrocks are as given below
according to the results of boring core tests.
Rock Unconfined Com- Tensile
Evalu- ;pressive-S}rength Strenggh
Rock Tvpe "ation (kgf/cm”) (kgf/cm’)
Biotite gneiss  (c) 111 - 571 10 - 25
Quartz gneiss () 701 - 799 -
" ® 784 40
v) Groundwater Level and Perﬁeability

According to boring ihvestigatibns at the slopes
of both banks the groundwater tables of the two
banks are not very high and are thought to be of
a degree of rise only slightly above the river-

bed elevation.
The permeability of the beadrock may be

summarized as follows ffom the results of
permeability tests performed in boreholes.
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Permeability Lugeon

Rock.Evaluation Coefficient Value Remarks
' (k: cm/s)
Grade @ 3 x 107 . - k: an approximate
- (Residual soil) -6 x 107 value obtained
from water

level drop
velocities in

holes
Grades —() 2 x 107 . - k: Ditto
(Weathered rock) - 5 x 107
Grade and 5% 107 , 1.2 Packer test at
higher - 6% 10 1 section only.
{Fresh rock) Other k appro-

ximate - wvalues
obtained from
water = level
drop velocities
in holes

(3) Engineering Geological Evaluations

The engineering geological evaluations of the Upper

Ki

hansi dam site may be summarized as follows:

The dam site cannot be said to be of favorable
topography as the Kihansi River bends, while in

addition; there 'is a continuation of_waterfalls,

but in order;tdusecure-the design high water level

of BL. 1,360 m,_thé ?resent site is thought to be

.optimum in view of topographical and geological

constraints.,

It is- considered that  approximately 80 m
dqwnstremn from. the line connecting the boring
sites on the slopes of the two banks will improve

geological conditions with weathering thinner.

‘Consequéﬁtly, the dam. axis should be selected at
this line..
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~ The weathered rocks evaluated as Grade (:) to

Grade (d) distributed at the slopes of both banks
at the dam site have a thickness of approximately
16 m at the left-bank boring site and
approximately 24 m at the rightébahk boring site,
and these will need to be excavated and removed as

they are unsuitable for a dam foundation.

Bedrock distributed at deep parts is estimated to
generally be rock of Grade () or higher and it is
estimated that the strength possessed is ample for

foundation rock of a dam of height approximately

100 m. However, .as is c¢lear from boring
investigations, since deteriorated rock can be

‘observed at parts even at a depth, it is -

considered that further detailed investigation by

boring reaching deep inside and exploratory adits

"need to be done.

The permeability of the dam foundation rock is
seen to be fairly scattered at  places. It is
considered that further detailed investigations

with improved accuracies will be needed.

It will also be necessary for detailed

investigations for evaluation of the possibility
of faults and properties undergrohnd to be made
regarding the two lineament—pqtterns in the WNW-
ESE direction recognized at the dam site.

7.4.3 Waterway Route and Powerhouse

(1)

Topography

The waterway running north-south at approximately
900 m on the right-bank side of the Upper Kihansi
dam site and the powerhouse located downstream
consists of a comparatively steeply-sloped part of
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(2)

(3)

EL,. 1,410 m to 1,150 m, and a flat area of around
EL. 1,150 m. Except at steep cliffs, vegetation
consisting of grass and bushes similarly to the dam

site covers the route.
Geology

The waterway route and the powerhouse site, as shown
in Fig. 7-9, is constituted of gneiss and overlying
slope wash and alluvium. Gneiss, which is the
basement rock, is seen to be comparativeiy fresh at
steep cliffs behind the powerhouse, but at other
areas it is covered by weathered layers and there
are no places where bedrock outcrops can be
confirmed. Slope wash and alluvium are distributed
thinly at the powerhouse site, and mainly consist of

fine-grained material and gravels.

The directions of foliation and joints are thought
to be the same as at the Upper Kihansi dam site.
There are no faults confirmed to exist in this area.

Engineering Geclogical Evaluations

The engineering geological evaluations of the
waterway route and the powerhouse site may be

summarized as follows:

~ Of the waterway route, the ground surface of the
section including the projected intake and the
headrace tunnel is expected to have a distribution
of a slightly thick weathered layer. However, if
the tunnel elevation'is=as projected, the tunnel
'will pass thrdugh  comparatively fresh bedrock.

- Comparatively fresh rock is exposed at the slope
of approximately 35 deg back of the powerhouse,
and it is cﬁon'sideréd there will be no problem

 about stability of_thé slope.
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~ 8lope wash and alluvium covering the powerhouse
site are thin and it can be expected that sound
bedrock will be exposed as the foundation for the

projected powerhouse.

-~ Tt is considered that boring investigations will
be 'nécessary hereafter for confirming = the
thickness of the weathered layer at the headrace
tunnel section and grasping the hydrogeologidal

properties of the tunnel section.
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7.5  Geology of Lower Kihansi Project Site

7.5.1  Regulating Reservoir

(1)

(2}

Topography

Lower Kihansi Regulating Reservoir of design high
water level EL. 1,140 m is surrounded by gently-
sloped mountains of EL. 1,200 m to 1,300 I, The

.distance from the dam site to the end of the

. backwater of the regulating reservoir is to be

approximately 1.4 km, and the valley width at high

water level elevation an average of approximately

100 m.. The average river-bed gradient of the

Kihansi River within the projected regulating
reservoir area is approximately 1/50, and there are
no places along the way where.the river-bed gradient
varies abruptly Such as due to waterfalls. There
are three small tributaries from the right-bank side
and one from the left-bank side merging with the
Kihansi River within the regulating reservoir area.

Geology

The regulating reservoir area is constituted  of

 biotite gneiss showing foliation in the N10° - 30°E,

20° - 50°NW direction roughly parallel to the flow
of the Kihansi River, and alluvium distributed along
the - Kihansi River in very small . quantities.
Distribution of comparatively'frésh and hard biotite
gneiss -is. seen at the river-bed portion of the

.KihansifRiver,.and as'a whole, residual soil widely

covers the' gently-sloped mountainsides. Alluvial
deposits are thin, mainly consisting of boulders,
and the content of fine-grained material is little.
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7.5.2

(3)

Dam

(1)

Engineering Geological Evaluations

Evaluations of the TLower Kihansi rregulating
reservoir area from the viewpdint of engineering

geology may be summarized as follows:
i) Stability of Slopes

Residual sdil widely covers the regulating
reservoir area and the surrounding slopes, and
landslide - topographies and:  large-scale
distributions of slope wash cannot be seen.
Accordingly, it is Judged thexe is little
possibility of the stability'of the slopes being
impaired by storage of water, '

ii) wWatertightness

The regulating reservoir itself “is of small
scale, and it is judged there is no risk of
leakage occurring from the regulating resexrvoir

due to geological factors.

Topography

The dam site  is located approximately 0.9 km
upstream of Kihansi Falls, at a fivefébed elevation
of 1,115 m. The slopes at both: banks of the dam
site are inclined an average 30 deg,-and_slopés:Of
specific height 5 to 15 m rising from the river bed
are steeply inclined at 45 to 60 deg.. The right-
bank slope does not have any'large‘gullies,'but”at'

the left-bank side there are gullies at 100 m

upstream and 60 mn downstréam of the projected dam
axis, so that the left-bank side of the dam site

presents a ridge topography. Vegetation is dense on
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(2)

the slopes at both banks, which are covered with
small bushes.

The river-bed width is approximately 35 m, and the
river g¢gradient around the projected dam axis is
slightly steep at 1/40. There are falls of heads
3 m and 15 m, respectively, at 200 m upstream and
140 m downstream of the projected dam axis.

Gaology
i) . Rock Types

The dam site, as shown in Figs. 7-10 and 7-11,
is constituted of biotite gneiss interbedded
‘with an amphibolite dyke and a lamprophyre dyke,
and overlying ‘slope wash and alluvium. The
‘biotite gneiss which is the basement rock is
seen to be fresh and sound at the river bed. On
the other hand, , there are hardly any
distributions of slope wash and alluvium, which

are surface layer deposits.

ii) .Geological Structure and Faults

The foliation of biotite gneiss of N7° - 27°E,
27° - 48°WW, is of a form te dip toward the
right-bank side of the 'KihanSi River, The
amphibolite and- lamprophyre confirmed by bdring
are considered to be distributed along the
direction of this foliation. Joints have been
confirmed in the direction of foliation and in
a direCtion perpendicuiar.to'it. Abcording to
aerial photo interpretations, there are
1ineamen£'patterns_in a direction orthogonal to
: the foliation at’-the left-bank side 100 m
. upstream and €0 m downstream of the projected
- dam axis. TFaults have not been found within the
limits of site réconnaissance_ and boring
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investigations, but a fractured zone of width
approximately 2 m is seen at the boundary
between biotite gneiss and amphibolite by
boring. '

iii) Weathering

According to boring investigations, weathered
rock classifiéd=as Grade ()' to Grade () in
rock evaluation is distributed at the dam site.
in a thickness of 4.5 m at the right-bank slope,
and a thickness of 7.0 m at the left-bank slope.
Deeper inside at both banks, there is slightly
fresh bedrock of rock evaluation Grade () the
same as the bedrock exposed at the river bed.

iv) Bedrock Strength

Excepting the weathered rock at the surface
layers of the right- and‘left4bank'810pes at the
dam site, the dam site is conStiﬁuted'of bedrock
of rock evaluation Grade () and highexr.
According to the results of boring core tests,
the unconfined compressive strength and tensile
strength'of bed-rock of Grade C) and higher
éxcepting the weathered rock at this site are as

given below.

Rock Unconfined Com- . Tensile

Evalu- pressive Sgrength ' Strenggp

Rock Type ation {kaf/cm”) (kgf/cm’)
Biotite gneiss C) : . 80 - 154 | 15 - 17
amphibolite ) 1,844 152

Lamprophyre © 2,335 . 105
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v) Groundwater Level and Permeability

According to-boring investigations made at the
slopes of both banks, the groundwater levels at
the two banks are not wvery high and are thought
to be of a degree to rise only slightly above

the elevation of the river bed.
The permeabilities of rocks may be summarized as

follows from the results of permeability tests

performed in boreholes:

Permeablllty Lugeon

Rock Evaluation Coefficient Value Remarks
: (k: cm/s) )
Grade @—- @ 8.0 x 107 - k: an approximate
{Weathered rock) - 1.8 x 107 value obtained
' from water
level drop
velocities in
_ holes
Grades @ - 9,1 x 107 . 7-28 According to
(Fresh rock) ~ 3.6 x 107 packer tests

(3) Engineering Geological Evaluations

Evaluations of the Lower Kihansi dam site from the
v1ewp01nt of englneerlng geology may be summarized
as follow5° '

- It -is'.conSLdered that the present dam axis
. location lS “optimum 1n view of the facts that
'waterfalls are- aVOlded the_ river width is
'narrowed by protruSLOn of the rldge at the left
bank, and surface dep031ts do not exist.

-~ The weathered rock evaluated as Grade to Grade
. ‘assumed to be dlstrlbuted in thicknesses of 5§
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to 10'm at the surface layers of the slopes at
both banks of the projected dam axis will need to
be excavated and removed since it is unsuitable

as a dam foundation.

The Grade: () bedrock deeper -inside, although
slightly weak in terms of strxength, is judged to
possess ample capability as the foundation rock of
the planned concrete dam of height around 30 m.

The permeability of the dam foundation rock is
comparatively low. It is also considered possiblé
for adequate waterstop treatment to be provided
this bedrock through cement grouting of the kind
normally employed, and it is-judged'that problems
concerning waterstopping will be slight.

However, detailed  geological :investigations
including permeability tests of the upper parts of -
the slopes at both banks near the dam abutment and
deep parts in the vicinity of the river bed will

still be necessary hereafter.

7.5.3 Headrace and Penstock Tunnels

(L

Topography

The projected'headraCe and penstock tunnels have a
length of approximately 4.2 km and pass the left-
bank side of the Kihansi River. The route of the
headrace tunnel pdrtioh is of a comparatively géntle
hill topography of elevatidn approximately 1,200 m,
while the penstOCk'tunnel pbrﬁioﬁ'is of a rugged
t0pograpﬁy of continuations of'éteép cliffs.

The thickness of cover from tunnel to ground surface
is 50 m at minimum near the middle of the headrace
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tunnel and 300 m at maximum at the penstock tunnel

portion.

Geology

i)

ii)

Rock Types

‘The headrace and penstock tunnel route, as shown

~in Fig. 7-12, is constituted of gneiss as the

basement rock and a surface layer of slope wash.
The gneiss, besides fresh bedrock outcropped
more or -less continuously: along the Kihansi
River, 1is. exposed at steep cliffs along the
tunnel route. Slope wash, in addition to being
widely distributed at  the left-bank slope
downstream of Kihansi Falls, is found at foots
of ‘cliffs and along gullies, although in small

areas.,

Geological Structure and Faults

Foliation of gneiss shows a direction of N2° -
27°E, "30° - 48°NW, roughly parallel to the

direction in which the tunnel extends.

ACCording to aerial photo inﬁerpretation, there
are lineament 'patterné which intersect the
direction of this foliation diagonally or
perpendicularly seen at the tunnel route. The
intersécting=ang1es of these lineament patterns
and the projected tunnel are from 30 deg to 90

' deqg, and athough the true nature of these

llneament patterns cannot be confirmed in the

'fleld there is con51derable possibility that

they are contlnuous 301nts or faults.

Outcropplng of faults has not been confirmed

-along the tunnel route.
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iii)

iv)

v)

Weathering

Weathering of the surface layer is thick along
the headrace tunnel portion where the topography
is gently sloped. According . to boring
investigations, weathered rock evaluated as
Grade (e) is distributed in a thickness of at
least 20 m from the ground surface at the saddle
portion. On the other hand, the penstock tunnel
portion is assumed to have small thickness of
weathering in view of the fact that outcrops of
fresh Dbedrock have been confirmed at wvarious

places of the steeply-sloped topography.
Scars

Although colluvial scars are not found at the
gentle hill area of the headrace tunnel route,
there are numerous scars seen at the steeply-
sloped penstock tunnel route. The areas of
collapse at all of the scars are small with the

degree. being that of surface layer soil or

weathered parts having fallen and depths are

small,
Bedrock Strength

Since the minimum cover to the ground surface
for the projected tunnel is 50 m, it is
considered that almost the entire section passes
through fresh bedrock. Although data concerning
strength of fresh rock at this route are not
available, based on data obtained in the projeét
area as a whole, fresh bedrocklis estimated to
have strengths of about 560 to 1,100 kgf/cmz-iﬁ
terms of unconfined compressive'stréngth and 40
to 68 kgf/cm’ in terms. of teﬁsile‘strehgth.'
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vi) Groundwatexr Level

‘ACCOrding to boring investigations made at the
headrace tunnel portion, the water table exists
only below at least a depth of 20 m from the
groﬁnd surface, and it was confirmed that the
groundwater level in this vicinity is low. On
‘the otherx hand, at the penstock tunnel portion,
the grouﬁdwater level is assumed to be high in
view of the <facts that fresh bedrock is
distributed at comparatively shallow parts and
water is visible at the surface in most gullies.

Engineering Geological Evaluations

Evaluations of - the headrace and penstock tunnel
route from the viewpoint of engineering geoldgy may
be summarized as follows:

- For the headrace and the penstock, it is
considered that a tunnel proposal will be more
advantageous than a surface proposal in view of
the facts that there are many places of steeply-

sloped topography and numerous scars can be scen.

- As a whole, although it is thbught there are no
fatal drawbacks geologically for the projected
tunnel ‘at the headrace and penstock tunnel route,
it is expected there  will be the . following
problematic-pbints at parts.

- Weatheting is thiCk_while-there ig a part of the
headrace tunhel~ﬁhich will have thin-cover, but if

Cat 50 m underground as projected, there is a great
possibility that the tunnel will pass through
fresh bedrock.
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7.5.4 Powerhouse

(1)

- However, in the event that the tunnel passes

through a so~called weak bedrock layer such as a
fault at the portion of thin cover, it will be
necessary to provide measures such as installation

of steel liners for that section,

There is a possibility that the lineament patterns

discerned- in aerial photo .interpretatioh are
faults. Considered from the total length of the
tunnel, the freguency at which they would be
encountered is not high, but it is expected that
there may be «c¢ases in- which it  would be
unavoidable for the tunnel to pass through a
section of deteriorated rock. It will be
necessary for the precision of investigations from

the ground surface to be improved.

The thickness of slope wash widely distributed at
the left-bank slope downstream of Kihansi Falls is
not so gréat, and it is expected that adeguate
bedrock cover can be provided if at the projected
tunnel depth. '

Popography

The powerhouse site is located_at'the left-bank side
of the Kihansi River approximately 3 km ddwnstréém
of Kihansi Falls. . TFhere is a gentlyfsloped area of
approximately 0.2 kmzalong the Kihansi River at ﬁhis
location, and the powerhouse is planned here, while
ih the downstream direction from this'locatioﬁ, a

tailrace tunnel is to be provided.

The powerhouse site is a'gently:Slbpéd area of an
average gradient of approximately 5 deqg, and because
there are numerous small gullies, the area has a
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- large number of small undulations. Vegetation is

very dense with large trees and grasses covering the
area. On the other hand, the slope behind the
projected powerhouse site is comparatively steep,
and vegetation - is sparse when compared with the

powerhouse site.
Geology
1) Rock Types

The powerhouse site, as shown in Figs. 7-~13 and
7-14,  is constituted of biotite gneiss as
foundation rock, and slope wash and alluvium at
the Surface. Biotite gneiss which is
comparatively fresh is found as surface outcrops
at the slope behind the powerhouse planned along
the Kihansi River. The slope ‘wash at the
surface layer is widely distributed over the
entire gently-sloped area of the powerhouse
site, while further, alluvium is seen along

-gullies in the' area.

ii) Geological Structure and Faults

The foliation of the biotite gneiss, although
seen to vary locally, indicates a direction of
N2° - .27°E, 30° - 45°NW, roughly parallel to the
projected direction of the waterway. Joints are
seen 1in varidﬁs diréctions in relation to this
foliation =~ parallel, diagonally crossing, and
perpendicularly crossing.

According to aerial_photoﬁinterpfetation, there
is a lineémént péttern Which is fairly distinct
and continuous over a thg distance'in'the N76°W
direction along the boundary between the steep
and gentlyQSIOped areas. Since this lineament
pattern also passes a site which appears like a
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iii)

iv)

fault saddle east of the powerhouse site, there
is a strong possibility that it is a fault.

Weathering

According to boring investigations, there is a
distribution of a weathered layexr 4 m to 20 m in

thickness at the powerhouse site.

The weathered layer is assumed to be thickest in
the vicinity of the previoﬁslynmentioned
lineament pattern, gradually becoming thinner
toward the Kihansi River. BAs for the slope at
the back, it is thought the weathered layer is
thin because of a comparatively steep gradient.

Bedrock Strength

Regarding strengths of the comparatively fresh

bedrock underlying the weathered layer at the
powerhouse = site, unconfined compressive
strengths of 108 kgf/cm® to 559 kgf/cm® and
tensile strengths of 22 kgf/em® to 32 kgf/cm’

have been obtained.
Groundwater Level
According to boring investigations, the water

table at the powerhouse site is high, and it is
estimated to exist at around ‘1.5 m below the

‘ground surface at an elevation roughly equal to

the water level of the Kihansi River.
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(3)

Engineering Geological Evaluations

Evaluations 6f @ the powerhouse site from the
viewpoint of engineering geology may be summarized

as follows:

- Régarding the .location for  the. pbwerhouse, it
should be selected inside this gently-sloped area .
as there is no other suitable place from the
standpoint of topography. However, there is a
possibility that the lineament pattern in the

'N76°W direction is a fault, and it is considered

desirable for this to be avoided.

~- Slope wash 1is distributed - at the projected
powerhouse site, but the thickness is small, and
it ‘is expected that bedrock will be exposed at the

foundation of the powerhouse.

- The bedrock expected to be exposed at the
powerhouse foundation is judged to be
comparatively fresh and possess adequate
capability strength-wise to serve as a foundation
for a structure.

- Colluvial scars are séen.here and there at the
slope behind the powerhouse, but they are all of
small scale, and it is judged there will be no
concern about large-scale collapse of the slope or
landsliding.

- It will" bef necessary hereafter to carry out
investigéﬁions' of the foundation part through
boring at the projected powerhouse site, and

' diagbnal.boring“and tréndhing for aécertaining the
trué-nature of the lineament pattern in the N76°W
direction.
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