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Chapter 1. INTRODUCTION

The geological and geotechnical survey and investigations for the
Sondu River multipurpose project were carried out from January to
February and from June to November in 1984, The first survey includes the
field reconnaissance reférréd to the available geological maps of the
scale at 1/250,000 and topographic maps of the scale at 1/50,000 to

confirm the geological formation in the project area.

Based on this survey, the programies for field investigation in the
secohd'period which would be rendered to the local engineering firm were
wofked out including tender documents. In March 1984, the succeeding’
tenderer, the H.P,GAUFF XG, Nairobi was selécted among four bidders, to
complete mobilization for the wofks before the second visit of the JICA

team., -

Tn the middle of June, the foliowing works: the seismic exploration,
the core drilling with water pressure test, test pitting and laboratory
tésts were commenced at the site by the GAUFF under the direction of the
experts of the JICA team. In parallel with the above mentioned works, the
geéldgist of the team started the preparation of geological map covering -
the damsite, reservoir area, headrace, power station, prospective rock
quarfy and other assbciated work site.

. | o
By the .end of November, the following works had been completed:

~ Geological mapping 65 km?
Core drilling _ 970 m in 24 holes
Water testing 87 stages in 15 holes

Laboratory rock testing 10'épecimens

Seismic exploration 12,050 m along 12 lines.

The results of those works are presented in this volume,
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Chapter 2. = GENERAL, GEOLOGY

2.1 General

At the survey in the project area including damsite, reservoir area,
power gtation site, and irrigation area, a geological map of 1 : 125,000
(GEOLOGY OF THE XISUMU DISTRICT by E.P. SAGGERSON, B, 8C., F.G.58.) and a
geological map of 1 : 250,000 produced by the Ministry of Water
Development as part of the final report on PRELIMINARY HYDROGEOLOGICAL
INVESTIGATION were referred to.

.~ The former.one ié'eXclusively used for the determination-of the
geqlbgical'age and the stratigraphy in this area, Core boring. and
seismic exploration works were programmed to confirm the geological
condition at the proposed damsite, the headrace tunnel, the power station

site and the quarry site. .

The geological maps of the damsite and the associated work site, and
the reservoir area were produced thyough the intensive surface geological
exploration based on the topographic sheet 1 : 10,000, Figure 2.1 shows a

geological plan of the project area.

2.2 Physiography
- L . *- : : .

The Sondu River. in the Project Area runs through peneplain of the
elevation 1,400 m to 2,000 m, which is covered by post-cretaceous, pre-
miocene erosjonal surface. The Sondu River in this reach flows east to
west. . “Many bends of the river were observed attributed to the acticn of
small. faults which are to be, more or less, closely related to the
formétion of the Kavirondo Rift Vailey:during pleistocene times, with its

‘predominantly east-west faulting.

Shortly before the river leaves the Nyakach escarpment, it turns the

direction to the northwest, and continues to flow down the escarpment and
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across a flat'plain-of pleistocene alluvial deposit, until it enters the

waters of the Winam Gulf.
At the piedmont of the escarpment, near the 1ocatxon o£ the proposed

power station, extensive gulley erosion is taking place, due to rush of

stream flows originated from the escarpment.

2.3 Stratigraphy and Structure -

The pro;ect area can be lelded into two parts by a prom1nent
Nyakach escarpment running almost east-west. The prlmary 'dam structure,
gpillway, intake structure and ‘quarry -site are. located on the. peneplaln.
south. of the escarpment, an upthrown block formed by tensional forces aid

normal faultlng. The structures such as surge tank, penstock are
designated to be 1ocated at’ 31oping hilitop and on the slope of the
escarpment.Whlle the power station is to be 1ocatedcn1the downthrown_
graben, The normal fault between two tectonic blocks is known as the

Kendu fault,

The "graben" plain, called Xano Plain'ié bounded . to the north ‘also
by normal faulting and a huge escarpment called the Nyando escarpment.
The Kano Plain is bounded by the escarpments of granodlorlte in the north
and ‘the south, the lake Vlctorla in the_west and the east the Quaternary
lake sediment -of which ground level rises eaétWard“in the.  east.
Colliectively, the structures forming the Kav1rond0 Rift Valley and
offshoot of the Great Rift Valley of East Africa are plelstocene 1n age.

The stratigraphy is shown on Table 2.1 (Geological Legend)
general ‘geology of the catchment area of the Sondu Rlver(scale 1
250,000) is presented on Figure 2,2, -The main geological formations
which occur in the project area, are exPlalned in’ the order of younger

ages in the following.
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1) Recent . .

The Recent deposits include hill-wash, alluvial flats talus deposits
congisting of sand, gravels, lateritic ironstones and black cotton silts,
geeurred in the depressed Kano Plain énd the peneplain in the Nyakach

agcarpment,

Wide-spread hill-wash accumulation occurs at the foot of the Nyakach
escarpment and along the flat shaped creeks on the peneplain., The
thickness varies widely by locations, ranging 2 to 20 m, and accumulated
strata is wall compact: They stand rather uniform strata consisting
chiefly of silt at the foot of the escarpment and talus deposits
consisting of sand and gravéls on the peneplain,  FErosion by the streams
flowing-dff-the'steep.hills has cut into the deposits to depths of up to

10 m, and in some places, it reaches to bedrack.

Alluvial flats form the vast Kano plain, into which several rivers

flow and carry a large quantities of silt and sand,

Red brown lateritic ironstones widely. spread on the bedrock above
EL. 1,400 m on the peneplain, forming a cover to the large part of the
district over. the Nyanzian and Bukoban rocks and locally over the
'granodiorite rock. The thickness ranges 0.5 m to 6.0 m and the soil is

mostly classified as red soil type but is locally cemented,

2) Pleistocene 3

The Pleistocene inéludes ilake &eposits and river deposits forming
gemi-consolidated layer.of clay, sand and gravel. The strata of the
Pleistocene is overlaidrﬁith top so0il and hill-wash, and its outcrop is
rarely‘seén; The Pleistocene deposits are to a large gxtént seen as Jlake
sediments under the top soil of the Kano plain, ‘and to a small extent on
the alluv1al terrace along the Sondu River, Mostly they are ‘hocizontally
stratified and are of soft rock type, where fine-grained dep031t iz well
consolidated but coarse—gralned deposit of sand and gravel is not well

consolidated,



3) Tertiary
Tertiary volcanic. rock involves chiefly phonollte, of which lava

flow is seen on the Nyabondo platesu overlying the granodiorite on the
right bank of the river near the Sondu V1lldge. The rock with dark
bluish grey in colour is seen as hard block rock, but is easxly fractured

with hammering.

4) Upper precambrian Bukoban system

The widespread Bukoban System and the Nyan21an asystem w1dely ‘extend
in the south western part of the project area. ‘This involves malnly
andesites, dacites and basalts, and locally gquartzite and cherts. To a
large part near the Sondu River, are seen greenigh blue non-porphyritic
and fine-grained basalts. This system has a1hard rock with joints spaced

- at several ten centimeters in the fresh part but spaced a few centimeters

in the weathered part.

.5) Intrusives .

The intrusives consist mainly of granitic réecks such as granite,
granodiorite and dioriie, being regarded as batholith. ' Dolerite, aplite
or basalt is occasionally seen as dyke to a small extent. ﬁmongigranitic
rocks, Miriu granodlorlte 1s ‘dominant rock which belongs to the age
pbetween Bukoban and Nyanz1an, "and extends widely from: the Sondu - village
to the outfall of the Sondu River. The upper portion of the rock mass
forms slight relief topography on the peneplaiﬁ but the river channel of
the lower reach forms steep shaped valley by erosion. The Miriu
granodlorlte is in general bluish grey hard rock but varies con81derably

in colour, graln size and texture by 1ocat10n.

6) Nyanzian roof pendant

Tn association with the intru51on of the Miriu granodlorite dnto- the
Nyanzian System, xenollth or roof: penddnt is formed This occurs from
the right bank downstream of the lower storage damsite to the left bank,
extending further to the upper reach on:the left: bank. The Nyanz1an roof:
pendant may exist at many places inside the Granodlorlte rock-mass at the
damsite and the headrace tunnel, which was not detectéd at this

investigation, The rock facies consist mainly of ‘darkish grey hdrnblende
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gneiss with significant schistosity. The fresh rock is rather hard but
so susceptible to weathering that the outcrop rock is broken apart to
plate-like pieces, a few millimeters to a few centimeters thick with

light hammering.

7} HNyanzian system

The Nyanzian rocks are basalts, andesites and rhyolites with major
and minor tuff development. In general the rocks are hard but more ov
less sheared, moreover of which surface is highly weathered and jointed
closely. These rocks are seen in the upstream reaches of the Ngoino and

south of the Opanga.

8) DBasement system

The Basement System is seen in the eastern edge part of the Kano
Plain and in the far upstream reach of the Sondu River. The rock facies

consist of gneiss, schists and quartzites.

2.4 Faulting

In the project area, two prominent faults, namely Kendu fault and
.Sondu fault, are seen, which were active in Tertiary times but re-
established as a zone of movement iun Pleinstocene times, The Kendu
faﬁlts extend over a distance of about 13 km or more in east-west
direction with many associated minor branch faults. To the east it has a
drop of more than 300 m but diminishes rapidly as it goes westwards and
at Kendu is no greater than IOO_ﬁ. Tt consists of several parallel
féults, forming a shear-zone 90 m wide at maximum and steeply'dipping
‘northerly. 1In the granodiorite zone of the Nyakach escarpment, the drop
ranges betweén 100 m and 200 m. The Sondu faults consist of a lot of
faults with north-east to south-west direction, extending from the
vicinity_of Sondu village to the upstream along the Sondu River. They,

in many places, cut into Phonolite of Bukoban System.
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Chapter 3, SEISMICITY:
3.1 General

The seismic study on the Sondu/Miriu project was carried out based

on the following data and reports:

. Earthquake records in the western Kenya {Data collected through
1.s.c.1y

. A Catalogue of felt eérthquakes in Kenya by 1.S. Loupekine, 1971

_« Preliminary report on the Homa bay earthquakes by I.S. Loupekine,
1968 '

. Engineering report on Kiambere Project.

‘Ve requested to 1.5.C. the éeismicity searches around the proposed
damsite bounded by 5.389S - 4.62°N, 29,85°W - 39.85°E, in which the
1.8.C. Historical Hypocenfre File 1904-84 and the 1.5.C Comprehensive
Catalogue File 1968-81 were used. 'The results of these computer services
were presented in-DATA BOOK-2,

3.2 FEarthquake Records around the Propesed Damsite

" The 1.S.C. produced the follo#ing lists,

[iét 1 Contents.and hypocentres found from the Historical
Hypocentre File for the region coucerned., And the
“distances from the hypodéntréé'to the site and values of
theoretical intensity and ground acceleration at the
damsite. (It is notified by I.S.C. that these values must

be treated with great caution as they are computed with the

formulae derived from data with great scatter aad for



ground conditions prevailing in the southern California

which, of couree, is not globally true.)

Iist 2 Line printer plot of the region, in which magnitude and

location of the earthquakes are reproduced.

List 3 Hypocentres found in the region of the site from the L.S.C.
Catalogue Flle._

The list of earthquake records are summarized in Table 3.1.

3.3 Evaluation on Seismic Coefficient

The distinctive earthquake records are selected among the data
available for assuring the probable ground acceleratlon at the dam 31te
with three klndS of formulae convent1onally used. In addlthﬂ, the
probable ground acceleration was deduced from the Seismic Zoni g Map of
Kenya and the_World Map of Natural Hazards. These are all presented on
Table 3.2 and Figure 3.1.- '

Earthquake record A Earthquake record B

1928.1.6 1972.9.10
Magnitude 7.0 Magnitude 4.6
Distance 209 km - . Distance 32_km_

From those data, it might be conclﬁded that the probable ground

acceleration be 30 to 60 gals.

1) 1.5.C. (International SéiSmological Centre)
Intensity on the Modified Mercalli scale at SpBleled p031t10n is

calculated using the follow1ng formula‘zl
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i=80+1.5m=-2.51lnrvr
where m = magnitude
r = focal distance in km

1n = natural logarithm.

. Peak horizontal acceleration in cm/secz(ah)is calculated, using

the following formula: 3/
log ah = 0,014 + 0,30 i.

2) Est1va s method

The expected acceleration at the proposed damsite is given by the

following Estiva’s equation:

a = (5,000 x exp(0.8 x M))/(HD + 40)2 ..... (3)

D = »/D7+Zz.......... ..... S 3

D=2x3.14 xR (d/360) vvevennevrnreensnns {3)
d = cos™} ( sin(y,) % 31n(y) + cos(yo) x cos(y) x cos( x-x, ))
_ erressrees eeeea(0)
R = Ry2 Jﬁ(l - e % cos? ) S vesrenens {7}
= C/RX vnsavonsssvereracssaaasssnnsonns .. (8)
A TR )
2

~ where a Peak ground acceleration in cm/sec
M : Magnitude :

HD é'Hypocentral dlstance in km

- D ¢ Distance between damsite (xg, yo) and
epicenter (x,y)

: Depth of earthquake in km

Radius of earth in km : Rx = 6,378 and

Ry = 6,356 ' '

d,e,C : Parameters,

M=o
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N Kawasuml s method

Intensity in JMA (Japan Meteorological Agency) scale is given by the
following formula.

= M - 4.6052 log R - 0.00183 R - 0,307 .
_ (when R 2 100 km)

. 2 (M ~ log X) - 0,0166X ~ 3.9916
(when R < 100 km)

where S : Intensity in JMA (Japan'Meteerelogical
Agency) scale

M : Magnitude in Richter scale

j==]

: Distance from the epicenter in km ~

X Distance from the focus:in km,
The expecced.acceleration is‘giveﬁ by tﬁe'foilowing.forﬁulaz.
A - Q.;é-x 108/2 .(when 555, 5)
= 20 x 103/5. (vhen 5.5 < S < 7.0)
A Acceleration-in 'cm,/sec2

S : Intensity in JMA.

43 Maximum acceleration to be exﬁected.in a probable return

period of 100 years

Predictions have heen made of the: statlstlcal return perlods of

various magnltude seismic events in the ‘Sondu area. -

Frequency of earthquakes in each grade ‘of Mercalli Scale durlng ‘the
period of 1912 to 1982, of which all data come from I.8.C, is- converted
into frequency in 100 years, From the relatlonship between the 1ntensity
(i) ‘and the cumulative number of frequency (Ne), the expected maximum
intensity, that is, the expected maximem acceleration in a probable'

return period of 100 years is shown in Table 3.3
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Plotting the above on the coordinates i - log Nc as shown in Figure

3,2. The following equation 1s obtained by the least square method:
log Ne = 2.405 -~ 0,382 i,

For the case of N¢ = 1, the expected maximum intensity in a probable
'raturn'period of 100 years is estimated at i = 6.3, According to the
method adopted by I.8.C, this intensity corresponds to the ground
acceleration 80 in gal.

3.4 .ConcludingﬁRemérks

Based on the available data presented in DATA BOOK-2, a review of
the seismicity of the area was made to assess the earthquake coefficient
to be used for dam design.. Most records show that the area is in a low
risk zone. And the computation of the expected ground acceleration
indicates 50 to 60 gals, which correspond to seismic coefficient k # 0.05
-and 80 gals for the maximum credible earthquake, which tcorrespond to

seismic coéfficient k = 0,08,

Most engineéfs in the United States, who use a pseudo-static method
for seismic stability analysis, adopt some empirical value for the design
seismic coefficient, that is, 0,05 to 0,15 (H, Bolton-Seed & GR. Martin,
'11966); .The Kiambere prdject; now uvnder construction, which is located in
the samezlow-risk:zone as the Sondu/Miriu project site, adopts X = 0,10
as the oﬁeréting.basic earthquake which corresponds to the design

earthquake,

The seismic coefficient k = 0.05 could be adopted in such a low risk
zone'as in the projebf site. However, it is prudent for the feasibiiity
design purpose to adopt k = 0.10 as coefficient of earthquake in due
conéideratiéﬁ of the maximum credible earthquake to occur once in 100

years,
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Chapter 4. GEOLOGICAL TNVESTIGATIONS

4.1 Geological Mapping

The surface explorétion was first carried out in the whole project
avea with aid of the topographical map (1:125,000), to learn the overall
geologicél condition in the area concerned, And the proposed sites such
as dam, tunnel,'ﬁower station and reservoir area were intensively
explored and mapped with aid of the topographical map (1:10,000) and the
'geological map (1:50,000):é0mpi1ed from the available geological map
(1:125,000) published:by E.P. SAGGERSON, B, Sc., F.G.S. Geologist.

The geological_mép as shown on Figure 4.1 was produced in making
full use of stratigraphic information obtained in drilled holes and
surféce ekpoéures of outcrop. The geéological sections of main structures
such as dam, intake, headrace tunnel and power station were presented on
Figures 4.2 based on the drilled holes and the seismic exploration. The

quality classification of rock is based on Table 4.1.

4,2 Drilling and. Water Pressure Tegting

_ ~ The “drilling holes (Drilled logs are referred to DATA BOOK—?) were
“put down on the seismic traverse lines except BD-10 and BD-13. All the
holes were drilled vertically except BD-4 and BD-5, where the holes were
- put down at the angle of 50 degrees to the horizontal to detect vertical
faults, if any, All the boreholes with a total length of 970 m, are
‘located as follows: - |

. BD-1, BD-2, BD-3 and BD~4 on the right bank, and BD-5, BD-6, BD-7
and BD-8 on the left bank along the axis of the lower storage
damsite, also on the seismic line A..

. BD-9 and D-10 on the.fight,bank near the axis of the upper intake

daméitg,,ﬁhile BD-3 and BD-9 are on the seismic line B,
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. Bb-11 and BD-12 on the left bank near the river channél,_also on the

geismic line C.
. BD-13 on the right bank, downstream of the lower storage damsite.

BS-1 and BS-2 on the right bank along the axis of the spillwvay, also

on the seismic line E,

. BT-1 and BT-2 near the intake structure, on the right ban, also on

the seismic line N,

BT-3 on the half-way of the headrace tunnel, also at the cross point

of the seismic lines L and Q.

. BT-4 at the surge tank site-and'BP—l? BP-2 and BP-3 in the power

station area, also on the seismic line M,

. BQ-1 and BQ-2 in the quarry site on the right bank, also on the
geismic line F, while BQ-2 is located at the cross point of the

seismic lines ¥ and 1,

The boring depth and elevation were all presented on Table 4.2, The

results are shown in Flgure 4.3,

_ The water pressure tests (refer to DATA'BOOK—Z) were carried-out'for
the boreholes numbered BD-1 to BD-13 and BS-1 & BS-2. The results are
presented on Table 4.3. '

For reference, the methods of drilling and water pressure tests are
briefly described here-in-after, The dr1111ng was carried out by three
Craelius D-750 and one Rodio rotary diamond-core drilling rigs u51ng
impregnated diamond bits of 146, 101, 86, 76 and 66 mm diameters. _An
average flush of 60 litres per minute was used for drilling through rock
.and slightly more was used for unconsolidated materials, especially sand.
Digging with six inch diameter auger was made to start a borehole on

several occasions where overburden posed a problem, The use of driliing
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mud (bentonite, of barité and silica) was restricted to holes in which no
water pressure tests were to be performed, Drilling conditions were
‘generally favourable with very little caving in boreholes and few
‘instances of water loss, thus a minimal amount of casing was used.
However, in several boreholes, caving did pose a significant problem, and
at times these holes were cemented in the course of drilling through
them. While the borehole was being drilled, closed hole permeability
test was conducted in vertical sections averaging approximatelﬁ 5 meters
in length,  This was accomplished by using a single inflatable pneumatic
packer blocking the hole while water was pumped in. to attain pressure of
1, 4, 7, 10 kg/cm2 in an ascending and descending'pfogression. Each
pressure value was sustained for 10 minutes before moving to the next

step and the total discharge recorded,

4,3 Seismic Exploration

- Twelve seismic exploration traverses, with a total length of 12,085
m, wéfe made to amplify results on thickness of alluvium, weathered
granodiorite and fresh granodiorite as obtalned from core drilling, and
to obtain average bedrock:velocities. The traverses are located as

-follows:

. Traverse A, B, C and E in the lower storage damsite
- . Traverses F, H and T in the quarry site
. Traverses N, L and Q. in the intake and the headrace tunnel

. Traverses M and P in the power station,

1) Seismic refraction prospacting

a) Profile line arrangement -

Séismié refraction profile lines were arranged as shown in DATA
BOOK-2, Théée_were p¢rformed by the local consulting engineers, I.P.
GAUFF KG under the supervision of JICA engineer and LBDA engineer., Their
work quantities are listed on Table 4.4,

I-17



b) Fleld operation - _
The arrangement of shots and detectors was planuéd to_be laid out on
a line (profile shgoting). Béfdre the field rgcording began, ground

surface profiles were surveyed and shot, and detector stations were

marked by stakes.

In one cycle of operation, the distance range was érranged in such a
manner. that six or seven shots of an interval of 50 m or 100 m were
picked up by 20 detectors which were Spread”at‘an-interVal_of 5mor 10
m. The shot locations-and detector spreads in one opération cycle were
moved progressively to provide complete coverage over each refraction

profile line,
Main instruments and materials used are shown on Table 4.5.

¢} Time-distance plot and proflle 1ntegpretat10n

Travel time of the Selsmlc wave (primary wave) was read from the
recordlng paper with an accuracy- of 1/10,000. second, and plotted bn the
rime~distance graph. From this time- ~distance relatlon, the profile of
veiocity'layers was deduced by .the Haglwara-s.method. The time-distance
curves and the profile interpretatiohs are attached in this volume (DNTA
BOOK-2). ' |

4) Evaluation of seismic refraction prospecting

The geology in the project area consists mainly of top soil and
talus deposit as unconsolidated layer and granodiorite as bedrock. The
bedrock of granodiorite is locally. intercalated with gneiss and/or

dolerite to a small extent,

The results of seismic refraction prospecting are. shown on the
seismic refraction profile with time-distance plot and interpretation.
The- speed layers chiefly obtained are classified. into six groups, each of
which can be assumed to correspond to the'geological condition. shown in. -
Table 4.6. '
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6TH speed layer (5.6 to 6.0 km/sec)
This speed layer of which valué is the highest among the values

measufed in this investigation, corresponds to the basement rock into
which no weathering is recognized to develop. This rock designated as
granodiorite, is very hard and only slightly jJointed, indicating more
‘than 1,000 kg/cm2 in unconfined compressive strength, so that the rock is
very'much suitable for the foundation of the dam and the other struoctures

as well as for the tunnel excavation.

5TH speéd-layer (3.7 to 3.9 km/sec.)

This speed layer of which rock retains most of the same rock texture

. as OTH spéed layer, but is slightly jointed and weakened by weathering,
corresponds to very slightly weathered rock, . The rock itself is fresh
and hard. The seismic wave speed of this layer is likely to decrease due

to some development of joints.

The rock, indicating low permeability, is suitable for the
foundation of the dam. I case of tunnel excavation, some corruption of
small. scale rock fragment may be anticipated but it may not cause a big

problem. .

ATH speed layer (2.6 to 2.8 km/sec.)

This speed layer of which rock is more.weakened by weathering than
that of 5TH layer as well as more jointed, corresponds to slightly
-weathered rock. The rock is locally hard and fresh, but 4s a whole is
- jointed and some open cracks are observed in minor parts. Some speéiai
- foundation treatment will be required in case of large scale rock
excavation or of construction works on the'slope.. However, the rock is
rather gobd:fbr.thé foundation of the normal structures. Appropriate
' 1eakége;prevention measiures éfe required for the dam foundation due to

high permeability.

3RD speed.layer (1.7 to 1.8 km/sec.)

This layer of which rock is much more weakened by weathering than

that of 4TH layer as well as much more jointed, corresponds to highly
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weathered rock. Open cracks which are obgerved at many places, are
filled with clay. The weathering is well developed into the rock.

Strict leakage prevéntion measures will be indispensable for the dam

foundation and adequate supports for the tunnel excavation.

2ND speed layer (1.0 to 1.2 km/sec.) -
The layer consists of the rock which is severely weathered as well

as significantly jointed or of talus., This is treated as unconsolidated
‘layer in engineering works, even if some traces of rock origin are

recopnized.

18T speed layer (0,3 to 0.6 km/sec.) = .

This layer consists of top soil and talus.

b4 Test Pitting

Thirteen test pits were dug by hand'tO'a maximﬂm depth of 5 m.
These test pits were explored for the sources of the earthfill mdterial,
and numbered from TP, No.15 and $/006 were used for the sources of sand

material, where only sampling was made from the sand deposits.

The details are discussed in CONSTRUCTION MATERIAL STUDY (Appendix
1I, Volume IV), ' - : :

4.5 Laboratory Testing

All the materials sémpled fbr'the'eafthfilly the sand'and'thg
quarried rock were haunled to the Gauff's laboratory in Nairobi. - The
results are discussed in CONSTRUCTION MATERIAL STUDY (Appendix TII, Volume
. _ _ . R
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Chapter 5. SITE GFOLOGY AND ENGINEERING GEOLOGICAL ASSESSMENT

5.1 General Site Geology

5.1,1 Structure

The geoldgical-struhture.at the site investigated is a plutonic
intrusion of intermédiaté-rdck commonly known as the Mirie Granodiorite.
In some places, small;dykés of Dolerite run through the pluton in east-
wést and north-south directions, hinting that these directions may have

been the pattern of faulting during pre-cambrian times, It is possible
that the tensional forces during the pleistocene rifting may have
exploited these old lines of weakness resulting in the more recent faults

which generally trend in the same divections as the dykes.

Most of the granodiorite exhibits a marked sub—vértical (50° — 80° )
foliation, vividly revealed by the darker ahphibole minerals: Outcrops
in the area show. that the major dip direction is northerly, The
foliation probably derives from the intrusive process itself, since
'orthogenicfactivity_during Bukoban times and later have shown to be minor
and the_granodiofite does not appear to be metamorphosed to any great

extent,.

- In terms of'téchtonic structures, the.project area can be divided
into two regimés.. The primary dam structufe, spillway, intake, headrace
tunnel and quarry site are located on the peneplain extended south of the
Nyakach'esqarpment, an upthrown block formed by tensional forces and
normal faulting. 'Surge tank, penstock and powerhouse structures are
located just-down below the escarpment on the surface of the downthrown
graben.' The normal fault between these twa.tectonic bloﬁks'is known as

_the Kendu fault.
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5J42'iitholggl

The Miriu Granodiorite ihtrusion'predominantly consist of greyish
white, coarse-grained granodiorite, but rdck coresa obtéined by drilling,
révealed some variation in colour, texture, and petfology within the
pluton. Foliated coarse-grained granodiorite of'varying colours of blue,
mottled green and black aﬁd.deep red was observed. Although the
variations in colour have'nbt'béen investigated through petrographic
analysis, they are assumed to bé-the result Of'contamination_and
alteration of feldsparSchrough,'chloritizatidn, kaélinizatidnf
reﬁlacement,-ferxbus solutions and similar procesées. Alternatively, the

green colour may indicate the presence of minerals such as diopside.

While logging the fock cores, it was'freqUéntly noticed that the
rock changed its texture and . structure as well as colour, usually with
all the changes being contlnuous and gradational, and often these. varying
llthologles alternated repeatedly. For -convenience, all-blue, green, Qr.

dark grey fine-grained, non-foliated rocks were termed DIORITE.

Bes1des the petrolog1ca1 varlatlon within the M1r1u Granodlorite,
some ot whlch could be attrlbuted simply to maﬂmatlc dlfferentlatlon,
another llthology, petrolog;cally uarelated to the:Granodiorlte vas
encountered., Bluish black énd fiﬁe~grained,-thé rock consisted almost
entirely of amphibole witﬁ'some quartsz. banding, and ﬁas thus considered
to be an amphlbollte, ever though its texture was not very schlstose, but

rather like that of a gneiss.

Much of this rock can be seen at the Sﬁrface a feﬁ'hundréd metérs
downstream of the damslte, ‘although its occurrence in the boreholes was
rare, Only BS-2 showed a significant amwount of this rock at depth, that
being only seven meters thick. In the core log sheet this rock type is
referred to as AMPHIBOLITE GNEISS. . :

The amphibolite gneiss is a xenolith of Nyanzian'metamorphdSéd

basalts into which the granodioritic intrusion invaded. In othér.words,
as the intrusive magmatic fluids penetrated through the Nyanzién country
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rock, pleces of thé'métabasalt-broke off and travelled upwards with
.mégma. What is not clear is how much alteration of the amphibolite was
due to contact.metémorphism with the intrusion, and how much can be
éttributed-to the Xavirondian orogeny.' However, it should be noted that
the formation of amphibolite is often associated with thermal

metamorphism.

For engineering purposes, all the lithologies are basically the same
in terms of strength and stability, except for the amphibolite gneiss
which is weaker and easily parts along cleavage planes when struck

lightly with a hammer..
5.1.3 Jointing

~ Most of the joints in the granodiorite were of a sub-vertical nature
and the majority of them belonged to two major sets, one set trending in
the north-south directions and the other in ;he east-west directions. In
addition, there was a minor set of sub-horizontal joints treading 080
‘dipping to the north-north~west., When examining the rock cores, it was
-bbser?ed that many joints were.cqnsiStent with the sub-vertical amphibole
foliation with slight_Qipszto the north. Tt was noticed on highly and
moderately weathered ;ores, a séaly, pitted appearance on the outside of
the core. This was due to the."falling_but" of'amphibolé minerals, which
are not as stab1e as'quartz or plagiociasezﬂ:Surface conditions, thus
1eéving 1ine5 of weakness, - This may be the reason why many of the joints
are in parailél places to the foliation. It éhould also be noted that
the coarse-grained rock in the area appeared to be more susceptible to
.weathering than the finer grained homdgeneous rocks, and the joints may
not be relaégd to foliation in such cases,
i
The majority of joint surfaces were.smooth, with about 20% to 30% of
the.total-number recorded being rough. Most joints had at least some
1imoniteﬂand:pyr01usite:Staiﬁing,and.kaolinization of the surfaces was
.quité COMmMon,’ “Chlorite and sericite were also seen. In some hore-holes,
crushed and gduged-rock wasg obsérved, indicating some movement within the

rock mass, On the whole, this was not very common, being restricted to
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small zones in a.few boreholes (with the exception of Bl-4, BP-2 and BP-
3). Despite the fact that most joints were numerocus and stained, water
seepage, as revealed by wéter.pressure,tests, seems to be rather low,
This may be due to the possibility that many joints are 'discontinuous,

having been sealed by mineralization,
A higher degree of jointing appeared in the amphibolite gneiss,

being much more closely spaced than in the graﬁodiorite. The main joint

system was sub-vertical trending N40°W - N30°W.

5.2 Reservoir Area

Bedrock consists mainly of granodiorite with minor gneiss, basalt
and rhyolite.  In the main- part of the proposed reservoir area,
-granodiorites predominantly occur'albng~fhé river  up to near Sondu

village where Precambrian basaltic rock occurs on the left bank.
- The extent of weathering in the graﬁbdiorite fdrmation is moderate -

and no large scale land sliding is probably expected after fllling of the

water, except small collapse on the river banks and terraces. -
The geological map for the reservoir area is presented on Figure

2.1,

5.3 Lower Storage Damsite

The geology of the damsite and associated works site is shown on
Figure 4.1 while geclogical section A-a (Flgure 42) is a typical proflle
across the valley. ‘ '

The main geological features of the lower storage damsite are:’

. bedrock consisting of moderately strong intrusive rocks.
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. on the whole, bedrock is of granocdiorite with minor diorite;
excavation depths to hard rock (which is suitable for the foundation
of the impervious core of a rockfill dam) range up to 5m, averaging
about 3 m and excavation depths to fresh and hard rock (which is
suitable for the foundation of a concrete dam) range up to 8 m

averaging 5 m,

. bedrock is generally covered by thin top gsoil and/or talus of
~gravelly sand vhich is up to 1 m thick in average on both banks, but

possibly up to 5 m in places on the right bank above EL,1425m,

. granodiorite outcrops in many places along the lower bank of the
- river channel while gravel-sands occur in quite limited localities

and scarce .in quantity.

. Geologically the site is considered suitable for either a concrete
type dam or a rockfill type dam, The former is recommended to. be founded
principally-dn the hard and fresh rock, involving the excavation of
slightly weathered rock designated as CM -down to the bedrock which gives
more than 2.6 — 2.8 km/sec in wave speed. The latter is recommended to
be founded principally on the hard rock, involving the excavation of
highly weathered rock designated as CL down to the bedrock which gives
about ‘1.7 - 1.8 km/séc-iﬁ vave speed. Foundation stripping in the shell
zone wiii involve the removal of top soil, talus deposit and locally
'_-variably weathered rock, Because of the relatively thin layer of highly
weathered rock,'ﬁtrippiﬁg beneath_the impervious core is expected to be

slightly deeper than for the remainder of the embankment.

Foundation excavation for the concrete type dam will involve the
removal -of top soil, talus deposits and weathered granodiorite down to
" the hard and fresh rock., Over the most part of the foundation, average
éxcavétiqn depth will be roughly 5 m. .However, eXéavétion depths of up
to-15 m are anticipated in the flat area above EL. 1,425 m on the right
abutment,_'Alternatively,.&uch a method can be contemplated that
excaVation is .stopped when is encountered the hard rock, from which

consolidation grout be applicable.
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Over the most part of the foundation in the impervious core zone,
average-foundation excavation down to the hard rock will be roughly 3 m
However, excavation depths of up to 10 m are anticipated in the flat area
above EL, 1,425 m on the right abutmént. In addition, large shape
correction or dental concreté as partﬂof:fouﬁdation treatment is
envisaged in the river channel portion due to irregularity of rock
formation. Little deterioration of exposéd surface will be aﬁticipated

after excavation due to air slacking.

Pressure testing of the drill holes indicated that the granodiorite
rock is generally of fairly low permeability, in spite of the fact that
the joints revealed by core drllllng are numerous and stained. This may
be due to the possibility that: many joints are discontinuous, hav1ng been
sealed by mineralization. However, there were in places-losses of
drilling water and high leakage rates of 20 to 100 Lugeons in the'shallow
portion of the ground down to a depth of 15 m in. average. It is
considered prudent to assume that a conventional curtain grout with
subordinate blanket grout is neeessary for both types of the dam. No -

groundwater was recognized throughout the drilliﬁg works,

S.4 Spillway

_As shown in Figuré 4,6, the géology-along the prbposed spiilway
alignment is mostly 31m1lar to that of the lower storage damsite, -
involving the same sequence of granodiorite, The top 3011 is rather
thin, ranging 1 to 2'm‘in'thickness.'.However, in' 'the lower part,. gnelss

is found to be intercalated as BS-2 indicates.

The creek~11ke erosion topography indicated that the area was of
fault valley, but the weathered layer de51gnated by the low'speed wave
1ess than 1.8 km/sec. is found in the shallow portion within a depth of
10.m from the ground level, Ih{the deep seated hard and fresh;bed‘rock;.
around 15 to 20 m under the gfdﬁnd level, along the length:df-the3seismic'
measuring points between E~380 m and B-720"m, six bands with. 10 @ in
width of the 1ow~speed wave of 3.0 to 3 6 km/sec are- recognlzed Th;s
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indicates that the extent of weathering is rather variable with depth.
It is notsolear to regard this kind of weak zone as secondary product of
faults crossing the E-line or as gneiss. 'According_to the topography and
‘the logging of BS-2, it may be regarded as fault,

Ad jacent to the measuring p01nt of B~100 m, two bands of low-speed
wave which could ba regarded as fault, are recognlzed but their direction
of str;klng is not conclusive., Thege bands of low-speed wave ranged 2.4
km/sec to 3.6 km/sec are assumed to be considered as slightly weathered.
zone,-which corresponds to CM in rock classification.-_Therefore, the
bedrock is suitable for the.structures concerned, However, it should be
noted that the seepage patﬁ will be the shortest in the vicinity of the
‘crest of the spillﬁay gtructure and much attention be placed on the

leakage preventive measure,

5.5 River Diversion

Geologically any significant difference is recognized between both
banks in case of planning tunnel diversion. The right bank will be
rather . stable because of occurrence of prominent rock block. On the left
bank, follatlon is 81gn1f1cantly developed so that it will form some weak

zone,

.The . right bank upstréam of the lower storage damsite is of tervace
topography and the overburden is rather thick compared with the left
‘bank. Therefore, geologically and topographically, the right bank is
recommended for_const1uct;ng diversion tunnel, But downstream of the
:damsite, gneiss outcrops at places and there occurs cracky rock in the

weathered rock around the tunnel exit.

5.6 Uppgr_lntake-Damsite

The geology along the upper 1ntake dam whlch is 31tuated around 400

m upstream of the lower storage damsite, is similar to that of the lower
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'storage damsite involving the same sequence of grahodiorite rocks.
However, the sub-surface conditions are inferred to a large extent
because the sub-surface exploratlon in the upper intake damsite was of "

limited extent,

As a whole, {fine to medium gfained granodidrite”is commonly seen as

. rather hard block. 'Large joints at a spacing_of'l to 3 m are commonly

“seen and platy joints at a:spaciﬁg of 10 to 30 cm are also locally
developed, These joints mostly rumning parallel to the river course
predominantly dip to the left bank at an angle of 50°, '

- The bedrock of rather hard granodidfiﬁe is found around at EL. 1,380
‘m above which heavily weathered granodiorite overlies with & depth of -
about 3.0 m below the ground surface, In.the riverbed and in the lower
portion of the bénk are commonly seen rock outcrops. And the thickness
of the top soil on the erosion terrace, which is gently sloppd will be
within 1.0 T, ‘

Foundation excavation for a concrete type dam will;infql@e the
vemoval of top soil, talus deposits and weathered'granodiorite'down to
the fresh and hard rock zone or 1 to 2 m more,: Over the most part of the

foundation, average ‘excavation depth will be roughly 5 m,

No surface evidence has been found to indicate such faulting as to
‘affect a structure to be planied, but are seen at pléces'miﬁor'faults
without fracturing, Within the reach of 100 m upstream of the proposed
‘intake dam, a series of rapids which form é:fﬁli a fe§'méters high occurs
due to those faults. Although the site seems to be affected more or 1ess

by these facts, it may not cause any maJor design problem.

There are losses of_drilling‘Waterland high leakage rates during
water pressure testing in thé holes dowﬁ“tﬁ 5 m below ﬁhe.ggogndwsutfacea
The water tests indicate that slightiy Weafhéred'to rather fresh
granodiorite further below ig of falrly low permeabllity, the Lugeon
values belng less than 3. ' ‘ ‘ b

1-28



5.7 Waterwaz

_ _ The geology along the intake, the headrace tunnel, the penstock and
the power: statlon site, is generally gimilar to that of the lower storage
damsite’ con81st1ng mainly of granodlorlte. However, various rock groups
are seen at plaees over a lepgth of about 4 km of the headrace tunnel
cOnﬁectihgfthe intake to the power station, The intake structure is
located at the right bank of the Sonﬂu valley while the power station is

at the fcot_of_the escarpment.

The granodiorite,'predominantly occurring along the alignment of the
waterway structures, changes variably in grain size, that is, fine
gralned to. coarse gralned as well as in colour, being locaily

1ntercalated with gneiss and/or dolerite.

Fresh granodlorlte is a falrly hard rock, which shows more than ‘5,6
'km/sec in seismic wave speed and also mote than 1,000 kg}cm in

compressive strength

In the deep portlon of the ground through which headrace tunnel is
to be drlven, hard and rather fresh rock with little 301nt will be
'_predomlnant over the most part but weathered and rather brittle rock with
platy crack will be encountered in the vicinity of the fault,

It should be distinctively noted that weathering and crack are
falrly developed deeply into the bedrock, that is, down to 30 to 70 m
“below the: ground surface, along the escarpment originated in the Kendu
fault where such structures as surge tank, penstock and power statlon are
planned to be constructed, These faults run general in east-west
direction, dipping northerly at the angle of 50 to 80 , so that the route
of the penstock 1nev1tab1y crosses the escarpment. However, the rock of
the outcrop locally seen 1n the fault zone is fairly cracky but not

" fractured.
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5,7.1 Intake Structure

" Near the intake structure at the measﬁring points N-100 m to N-200 m
along N-line as'ehan:oh Figure 4.5, the bedrock is assumed to be reached
at a depth of 1.0 to 2.0 m below the ground surface, above which alluvial
deposits of gilty sand lie thlnly. " In the vicinity of the river channel,
bluish green hérd granodiorite occurs predomlnantly. However, at the
portal portion of the intake located between the measuring pointe'Nu?OO
and N-550, the weathered 1ayer of green coarse—gralned rock is thick and
some faults and rhyolite are locally seen, The bedrock is assumed to be

generally rather brittle and. sllghtly dlsturbed

It would be necessary to take such protective meesures ae guﬁite on
the excavated slope at the portal and concrete 1inihg in the portal

portlon of the tunnel

5.7.2 Héadrace Tunnel (Seetioh7of tﬁefheééUEing-pbints:N—SSOIm
to L-3,364 m) '

It is p0331b1y expected that the proposed tunnel is drlven malnly
through the fairly hard rock with more ‘than ‘5.0 to 6.0 kin/sec in seismic
wave speed,  but locally through the only sl1ght1y weathered zones Wlth
3.7 to 3.9 km/sec. ' R '

In the borlng cores WhLCh correspond to these low-speed wave zones
ranged 3() to 3.5 km/sec, the core itself is rather fresh, -with limonite
stained joints., These rocks are CM to CH in rock classification. :TheSe
IOstpeed wave zone may be regarded as fault or may be older- granodlorlte

intercalated W1th gnelss.'

It is generally ant1c1pated that the proposed ‘tunnel is drlven
across several wide faults. But " as those faults are well reconsolidated
and not severely affected by weathering due to thick overburden, much

difficulty in tunnel excavation would not be encountered
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5.7.3 Surge Tank and Penstock (Bection of the measuring points
1.~3,364 m_to M-650)

The structures of sﬁrge tank and penstock are planned to be located
in the zone between the shoulder of the escarpment and the foot of it, a
number of small fractured traces along the Kendu fault are seen, across
which the route of the penstock line runs 1nev1tab1y. Those faults seen
to be severely affected by weathering due to thin overburden. Especially
around the shoulder of fhe escarpment wheve the surge tank is located,
the fractured zone was recognized to develop up to a depth of 70 m below
the ground surface, Therefors, it is quite necessary to take a special

care in excavation of tumnnel and shaft in this portion,

. The core 1ogglng of BT—& 1nd1cates that recovered cores are mostly
of angular shape or of short cyllnder type, of which joints are stained
with limonite. Especially down to a depth of about 55 m from the ground
surface, corruption of the borehole occurre& at many_places,'seeming due
‘to loose bedrock. - Comparing the seiémic wave speed with the roCk
classification for the bedrock at the lower storage damsite, very
slightly weathered zone with 2.6 to 3.9 km/sec corresponds to CM to CH in
.rock.qlasSification. _Hdwave:, this area, even the same speed,
corresponds to worse than CM or,CL,in parts. It will bé difficult_to
evaluate the condition of the bedrock occurred along the escarpment with
the seismic wave?speed,‘ This seems to be due to the existence of weak
planes dipping-steeply parallel to the escarpment slope. Despite this
fact the . bedrock seems to be rather stable as a whole. According to the
drllllng progress records, in whlch encounter of much corruption was :
reported, it w111 be considered that the relaxation of the bedrock
progreéses very fast in case of stress release by tunnel excavation.

The penstoqk'is planned to be located jus£ along the escarpment, of
_ﬁhiéh surféce is inclined'at 309 or more. Over the surface, rock boulder
of granodiorite ranged 03 to 2.0 m in size are distributed. The bedrock
w11] be encountered at a depth of 1 to 2 m below the ground surface but

“be highly weathered and very cracky., It is recommended that the rock
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anchors for the foundation of the ‘penstock are constructed deep into the

hard bedfock.

5.8 DPower Station (Section of the measuring poihts M-650 to M-1380)

“Gentle slope with an ‘angle 5 to 100 1g formed from the measuring
pqlnt 700 ' m away from the escarpment. At the base of the escarpmena,
near the location of the prdposed“powerhouse, extensive erosion gulley
consisting of medium to coarse sand and 8ilt is seen, due to the rushed
flow of the streams originating at the top of the hills. ‘The thlckness
~of the hlllwash increases away from the foot of the escarpment. The
deposit of hillwash is 1 to 2 m thick at the foot of the escarpment and 5
to 10 m thick in the vicinity of ‘the ‘power ‘station site.

The bedrock . consistihg’mainIY'bf graﬁodibrite, is disturbed‘éd'that
it is characterized by the dlstinctlve developmént of - platy joints,
involving pegmatites and quartz’ seams at random,  In the vicinity of BP-2
and BP-3, the bedrock of which surface has.irrggular formation, is highly
weathered and extremely jointed as well toﬂé deep portién. The core log
of BP~2 indicates that the RQD was zefo at many places and the average
RQD for the hole with a léngth of 10 m was the lowest of all the
boreholes drilled except for BP-3 with a-length.df 30 m. Even when
bedrock was reached at'a"depth of 27.25 m'at BP-3, .it vas consi&brﬁbiy
broken and weathered.  TIn taking into full con31derat10n of these’ facts,
more precise investigation with an empha51s on bearing capacity will be
essentlal for shallow foundatlon, while for deep foundation, special
measures = to’ prevent falllng down of the excavated glope would be

1ndlspensable.

5.9 Quarry Site
' The quarry site is located on the right bank about 1.0 km doVnétfeam;
of the lower storage damsite, characterized by the gentle ridge extending

in the northeast to southwest direction. The geoiogical condition is
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gimilar to that of the 16wer storage damsite. The surface layer, 2 to 4
'm in thickness is likely to include small to medium size fragments of
Vgranodiorite as well as silty sand originated in weathered granodiorite.
Hard rock fragments with 0.1 to 2 m in size, are seen as outcrop at many
places, The surface layer is underlain by the bedrock consisting mainly

of granodiorite,

In the quarry site, core drilling was performed at two points, named
" BQ-1 and BQ-2 while seismic exploration was carried out along three

lines, named.Lines'F,lland 1.

As cdre logging indicates, hard and fresh bedrock of granodiorite is
not reached until a dépth of 19.75 m and 12,07 m in the borehole of BQ-1
and BQ-2, respectiveiyw Until both depths, drilled cores are
considerably weathefed and are of sand and/or angular shape; Until both
depths, drilled cores are of short cylindrical shape with 5 to 10 cm in
length or of angular shape with less than 5 cm in length, while
weatherihg is ﬁeyeloped albng the crack surface and some alteration is
observed. The drilled core which is of angular shape, is so brittle that
it is easily broken_with Light hammering.' As a whole, the rock is coarse
graihed and foliation is well developed. ‘These geological condition can

be assumed to some extent by existence of xenolith.

. The 1ayer.ihdicating 2,6 to 2.8 km/sec in seismic wave speed,
corresponds principally to fresh and hard tock with joints_spaced at 20
,_to“SO'cm,-élaséified as CH, while the layer with 3.7 to 3.9 km/sec
corréépondS-tb féitly:hard and fresh rock with joints spaced at 30 to 80
cm, classified as CH to B, The joint surface of both rocks is slightly
weathered 16ca11y.'

It is unlikely that quarried rock be exploited as rock block in the
surface layer with 1,7 to 1,8 km/sec in seismic wave speed because rock
is weathered deep into the core and well jointed. It is assumed that
rather hard rock to be.used for rockfill and concrete aggregate could be
exploited from the layer with more than 2.6 té 2,8 km/sec.
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Chapter 6. .RECOMMENDATIONS FOR FURTHER WORKS

"A number of geological aspects affecting the various engineering
structures of the Project will require further study in the next

anestlgatlon stage,

A requiremeﬁt will be the review of seismic risk. This will involve
the study of an assessment methods of probable maximum seismic
coefficient. In connection with this study, it should be re~examined
whether the earthquake event dated on September 10, 1972 is really caused
bY'or'related?te the movement of the Kendu fauit;

Further geological work is anticipated in the dam foundation area.
Thls will include the determination of Stratlgraphlc structures with
spec1al emphasis on the weethezlng condition im relation with
permeablllty. InAaddltlon more precise geological mapplng ‘ghould be
extended to covér the whole dam and spillway arrangement. Additional
dfillihg'in.spiilway area is also required to determine the thickness of
the highly weatheriﬁg'layer. All this recommended work will enable the
preparation’ of accurate bedrock contoufs which will be necessary to
establish design levels for the spillway chute foundation as well as for

the dam foundation.

It is recommended that the problem of the slope stability of the
deep excavations to beeaﬂficipated in the vicimity of the intake,
spillway crest structures and the power station shall be studied because
of the thick weathered bedrock. In addition to stratigraphic data,
further information is required on the orientation, location and spacing
of 301nts and any other geologlcal dlscontlnulties in the vicinity of

these deep cuts,

The following additional geologlcal work is recommended in tHe next

stage 1nvestlgat10n°
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Lower storage damsite

Geologlcal mapping on a scale of 1:1, 000

. Depending on design requirements, drilling with water pressure
testing may have to be done to pr0v1de addltlonal information on
stratigraphy and structure in close association w1th the seismic low
speed layer as well as on the permeabllity of the foundation with
1,7 to 1.8 km/sec in seismic wave speed as a guide to grouting

requirements and foundation excavation depths.

Upper intake damsite ‘

. Drllllng may have to be done to pr0v1de more prec1se 1nformat10n on
the geological condition of the foundation, core dlilllng w1th_water

testing is required at four points along the dam axis at. mindimum,

Waterwax . . :
» The h1gh1y weathered area needs to he fully re- examined at the suyrge

tank gite; addltlonal drlllins aﬂd test adit are required to
rellably determine their depth and areal extent ‘and to define more

precisely the existence and 1mportanee of the underlying fault.

Power statlon

. The area where several faults strike and weathering is well_
developed deep into the bedrock, should be fully re-examined for as
reallstlc an assessment as possible of the weathering of the bedrock
~and of the excavation line of the foundation; comprehen51ve_plan of
core drilling is reﬁuired to Qfovide precise infOrmation.for.the

detailed structural design.

Splllwag ‘ , : . _
. The area where weatherlng is well developed deep 1nto the bedroek

needs to be intensively re—examined additional drilling, some of
which is accompanled by water. testing around the overwflow weir, is
required to rellably determine the excavatlon depth and to provide
precise information on the permeability of the over-flow weir

foundation as a guide to grouting requirements.
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. The area should he intensively re-examined with additiconal drilling
~and test aditting for as realistic an assessment as possible of the

strata in close association with seismic wave speed zones, 1.7 to
1.8 km/sec and 2.6 to 2.8 km/sec.
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TablenZ.l VGeoiogimal Legend

TERTTARY

PRE CAMBRIAN

- PRE CAMBRIAN

PRE CAMBRIAN

ARCHEAN

Age’ Symbol ._ Description
RECENT Al -.Superflc1a1 Aluvium
' Sand, Gravels, 3ile, Cldy
PLEISTOCENE Pl pl Undifferentiated-inCludes Lake deposits
: plt Mau and Londiani Ashes and Tuffs
ply Londiani Matic Basalts and Basanites
Tv | - Tv Tertiary volcanics Kericho phonolite and

Nyabondo phonolite

(BUKOBAN SYSTIM)

B BA Rhyolites and tuffs, porphyritic felsites
: and Andesites
B Quartzites with some cherts

: B% Basalts and porphyritic basalts

Gn Nyanzian r00f pendant (Hornbiende gneiss)

(NYANZIAN SYSTEM)

N |. Ny Rhyolite with Jntercalated tuffs (Np, and
' Agglomerates, Basalt,

Na Ande31tes, D381tes and Tutts

(BASEMENT -SYSTEM)

M “Undifferentiated gneiss, schists and quartzites,
includes MN-Nyan71an schlsts and My-Kavirondian
schlsts.'

INTRUSIVES _
Gd Granites (63 - Post Kavirondian
' (G2 -~ Post Nyanzian Miriu Granodiorite
(G - Undated

1] Dolerites D; - Dq.  Post Nyanzian




Table 3.1 List of Earthqﬁake Records (1/9)

. . P : _ " I.8.C
No. Date Epicenter Depth Magnitude ' ; 5
N , . L - _ cm/sec km
Year Month Day Latitude Longitude Int. Ace. Distance
1 1912 7 9 3,00 N 33.00 B 6.7 3.0 8 - 428
2 1913 9 16 6.00 ‘N 36,50 R 6,2 0.8 2 730
3 1915 5 21 6.00 N 31.00 E 6.6 i.1 2 826
4 1924 7 1 1.00 N 32,00 E _ _ - 353
5 1928 1 6 050N 36,50 E - 62 7.0 5.1 -36 209
6 1928 1 10 0.50 N 36.00 E- 62 6,0 4.3 20 162
7 1945 3 18 0.00 "N - 32.00 E - 6.0 2.6 6 320
8 1949 106 1 '7.50 § 30,00 E . 6.0 0.0 1 951
.9 1951 8 20 3.80 S 33.60 E o : 400 -
100 1951 11 1. - 4,008 35,25 E - 6,0 2,0 4 400 -
11 1952 1. 31 4,00 § 30,50 E - 6,2 1.3 2 626
12 1952 4 4 4,00 § 29,60 E 706
13 1952 6 30 0.30° 3° 30,10 .E 528"
14 195y 722 0 - 1.42 N 30,52 E 5.0 0.0 -1 522
15 1955 9 4 . 1,66 N 30.90 E . 6.3 .. 1.9 4 495
16 1955 12 15 6.25 85 30.99 E- 5.0 0.0 -0 775
17 19%6. 2 3 5,00 8 30,00 E 5.5 0.0 1 740
18 1956 4 4 4,98 35 35.44 E 6.5 2.2 5 510
19 1958 4 15 0,00 N 30.50 E 5.0 0.0 1 486
20 1959 1 23 3,000 N 35,00 E 4,9 0,5 1 - 376
21 1959 127 1.000 N 31.00 E 4,2 0.0 1 455
22 1959 3 8 3,78 N 36.94 E - _ 517
23 1959 3 19 4,50 S 30,00 'E . _ 704
24 1959 5 10 3.00°°s 34,50 B 4,2 0.1 .1 290
25 1959 5 17 4,505 33,00 E- 4,5 0,0 1 497
26 1959 6 19 0,17 S 29,38 ‘K- 5.4 0.1 1 609
27 1959 6 24 3,56 5 31,08 E- 4,5 © 0,0 1 545
28 1959 8§ 9 0.50 N - 29,00 'E . 5.1 0.0 1 658
29 1959 8 24 - 4,24 S5 35,04 E 6.1 2.0 4 4250
30 1959 10 25 4.83- 8 35,64 E- 5.2 0.3 H 497
31 1260 -5 4 1.21 8§ 32,46 % : - 5,7 2,5 6 280
32 1960 g 22 3.40 S 29,10 E. 29 ‘5.6 0,0 1 720
33 1960 10 6 4,00 § 32,50 E 476
34 - 1964 1 3 -3.00 8 35.00:E- 288
35 1964 | 9 4,00 S 34,00 F 409
36 1964 3 5 3,40 S - .35.00 E : ' _ 332
37 1964 5 7 "3.88 § 35,06 .F 49 6,3 . 2.5 6 385
38 1964 12 21 3.67 S . 29.93 E 10 5.6 0,2 1 655
39 1965 4 ‘65,0008 3500 E. .- , : _ 508 .
40 1965 4 28 4,00, N 35,50 -E . : 491
41 1965 . 5 -3 4,79 S5 34,92 .8 13 4.8 0,0 1 485
42 1965 5. 12 4,83 S 35.00 E 12 : : C - 490
43 1965 6 21 4,10 8§ 35,10 E 24 5.1 0.6 2 410
& 1965 11 26 5,30°S  35.60 E 49 S - 548
45 1965 12 7 2,00 S 32,00 E : - . 363
46 1966 1 1 5006 S 35.00 E 3,9 0.0 0. 508




Table 3.1 List.of_Earthquaké Records (2/9)

Date " Epicenter’ _ ' 1.5.C

_ N ‘ ? _ Depth Magnitude : 7

- Year Month Day Latitude Longitude cm/sec km
. : Int, Acc, Distance

1 1966

. 1966

1966 12 30.00

_ 1 4,00 S E _ _ _ 670
“ 1966  2° 10 3.93 S 35.75 E 0 ' 402
1966 2 15 4,00 S 35.00 E 3.6 0.0 0 398
1966 2 22 4,00 S 38,00 E 3.7 0.0 0 530
1966 2. 25 4,50 S 35.40 E° 3.5 0.0 0 457
1966 31 400 S 35,00 E- 3.6 0.0 0 398
1966 3.9 2,27 N 3L.42 B 35 5.4 0.6 2 482
1966 - 3 -9 2,17 N 31,30 E 42 4.6 0.0 1 486
1966 3 18 0,108 30,60 E .0 474
1966 3 19 0,60 N 29090°E O o 561
1966 3°20 0,81 N 29,90 E - 34 6.0 1.1 2 566
1966 320 030 S 30.10 E 4.5 0.0 1 528
1966 3 20 030 $ 30,10 E - 41 0.0 0 528
1966 3 20 1,09 N 29,92 E - 16 5.4 0.2 1 572
1966 3 '200 0,30 S 30.10 E 4,2 0.0 0 528
1966 -3 20 0,30 S 30,10 E 4,0 0.0 0 528
1966 3 .20 0.8 N 30.05 E 4 5.1 0.0 1 550
1966 3 '20 0,30 S 30,10 E 4.0 0.0 0 528

. 1966 3 .20 0,30 S 30.10 E 4.1 0.0 0 528
1966 3 20 0,78 N 29,92 E 1 5.6 0.6 2 563
1966 3 20 0,30 S 30,10 E 4,0 0.0 0 528
1966 3 20 0.30 S 30.10 E 4,0 0.0 0 528
© 1966 3 20 0.30 S 30.10 E 4.0 0.0 0 528
1966 3 .20 0,30 S 30,10 E 4,0 0.0 0 528
1966 - 3 20 0:30 S 30,10 E 4.1 0.0 0 528
1966.° 3 21 0.8 N 30.00 E 6 5.0 0.0 1 556
1966 3 21  4.,00 S 35,00 E 4.4 0.0 1 398
1966 3 24 0.30 3§ 30,10 E ' 4.3 0.0 0 528
1966 - 3 25 0.8 N 29.90 E 0O ' 568
1966 ~ -3 25 -0.50 N 30,70 E 59 4.8 0.0 1 472
1966 3 25 1,00 N 30,40 E 33 , 518
1966 3 .29 1,02 N 30.20 E = 31 _ 540
1966 ¢ 3 29 0,30 S 30,10 E - h.b 0.0 0 528
1966 4 6 0,79 N 29.86 E 41 570

_ 4.7 0,58 N 29.93 E = 33 4.8 0.0 1 558
. 1966 4 9 4,00°S 33,00 E. 3.5 0,0 0 448
1966 4 12 1,200 N 30.07 E 40 560
1966 4 13 0,99 N 30,07 E 17 5.5 0.5 1 553
1966 © 4 13 1,16 N 30,26 E 43 539

-+ 1966 4 13 1.50 N 30,20 E 0 : 558
1966 4 14 0,93 N 29.94 E 33 . 5.3 0.1 1 565
4 15 0,77 N 2998 E 26 4.9 0.0 1 557

1966 4 16 . 0,76. N 29.86° B 11 - 5.1 0.0 1 569
1966 4 17 1,00 'S 32.00 E 3.9 0.0 1 324
1966 4 17 - 0,50 N 30,40 E 0 505
1966 < 4 17 1,00 8 31.000 E* 3.7 0.0 0 433




Table 3.1 List of Farthquske Records (5/9)

e . . “T.5.C
b . I ter : o
No. ' ate pieen _ Depth Magnitude

Year Month Day Latitude Longitude

'cm/secz' km
Int. Acc. Distance

93 1966 5 9 1,000 § 32,00 E 3.6 0.0 1 = 324
94 - 1966 5 9 1,00 § 31.00 E . 3.5 0.0 0 . 433
95. 1966 5 10 1.60 N 31,10 E- 0 i _ 472
96 . 1966 5 12 0,00 N 31.00 E . - 4.2 0.0 1 - 430
97 1966 5 16 0.61 N 30.13 FE 33 5.4 0.4 1 537.
98 1966 5 17  .0.76 N 29.95 E- 35 5.5 0.4 1 560
99 1966 5 .18 0,00 N 31,00 E 3.8 0.0 0 430
100 1966 5 29 0,62 N 29.93 E 33 5.2 0.0 1 559
101 1966 6 4 0,90 N 29,90 E - 33 - : 569
102 1966 6 14 0.19 8§ 30,28 K- 34 ; . - 509
103 - 1966 6 14 1,07 N 30,00 E 33 5.2 0.0 1 . 563 -
104 1966 6 17 0.75 N 29,91 E - 33 5.3 0.1 1 564
105 1966 6 19 0,68 N 29,96 E- 33 5.1 0.0 1 557
106 -.1966 7 2 076 N 30.05 E - 12 4.6 0.0 1 549
107 1966 7 6 1,30 N 30,50 E 65 o 519
108 1966 -7 .10 3.5 S 3535 F 0 R 351
109 1966 7 1 4.00 S 36,00 E . 41 0.0 - 1 418
110 1966 7 11 1.00 S 35.00. E 3.7 -3.0 8 . 68
111 1966 7 11 3,60 S 35.60.E 3.7 0.0 0 363
112 1966 7 11  3.90 S 35,40 E 4.0 0.0 1 3917
113" 1966 7 14 5,00 3 3500 E 3.6 0.0 0 508
114 1966 7 1%  0.60 W 29.90 R . 33 5.1 0.0 1 561
115 1966 7 14 4,00 $ 3500.E - - 35 0,0 0O .398.
116 1966 7 1l 5,00 S 3500 FE 3.1 0.0 0 - 508
117 1966 7 15  4.00 S 35,00 E'.. 3.7 0.0 0 398
118 1966 7 15  4.00 S 36.00- E 3.7 0.0 0 418
119 1966 7 21 3.90 S 3553 E 33 L TR | 394
120 1966 7 22 0,00 N . 3100 E. 3.8, 0.0 0 430
121 1966 7 23 4,00 S 36,00 E. 3.6 0.0 0 418
122 1966 7 264 3,00 8§ 36,00 E- .- 3.4 0.0 0 314
123 1966 7 30 0,90 N 30,40 E. O o o .. - 515"
124 1966 7 31 0,67 N 3002.E 6 5.0 0.0 1 - 550.
125: 1966 8 1 0,67 N 30,00 E - 38 . T 552
126 1966 8 1 1,00 N 30,03-E - O - 558
127 1966 8 15 - 4.00 'S 34,50 E_ 4,1 0.0 1 400
128 1966 9 2 1,03 N 30,18 E =20 e . o 543
129 1966 9 2 0,60 N 3L.60 E . | 4,0 0,0 1378
130- 1966 9 -8 3,30 § 3540 E - 3,9 .0.0 1. 326
131 1966 9 18 4,08 S5 .33.63 E- 33 B e 428
132 1966 9 23 5.,00.8 33,00 E 3.7 0.0 0 548
133 . 1966 9 24 0,70 N -36,20.E 0 R o 193
134 1966 9 24 1.00 N 30,00 E -~ 3.8 000, 0 . 561-
135 1966 9 26 0,50 N. 36.50 E : 4.6 1.5 3 . 209
136 1966 9 .26 0,50 N 30.20 E - 0 - o S 527
137 1966 - 10 1  0.40 S 31,70 E 3.6 0.0 0 . 350
138 1966 10 5.30 § E 3.8 0.0 0. 551

- 35.80




Table 3.1  List of Earthquake Records (4/9)

1967 10 31

" : T IqS.C
No. ' Dgte. ' Eplcenter Depth Magnitude )
' ; ' cm/sec “km

Year ﬁonth Day Latltgde Longitude Ynt. Ace. Distance
139 . 1966 10 5 0,02 N 29,94 .F 28 5.3 0.2 1 548
140 1966 16 -9 5,30 S 30.90 E 3.5 0.0 0 697
141 1966 ° 10 10 0,20 N 32,40 E 3.8 0.0 1 . 280
142. 1966 10 .18 4,00 -8 31,00 E . 4.0 0,0 0 584
143 1966 10 26 0,10 ¥ 30,80 E 4,0 0,0 0 454
144 1966 10 30 1.60 S 33.00 B~ . 3.8 0.0 1 245
145 1966 .~ 10 30 3,62 S8 29.97 E 33 5.2 G.0 1 648
146 1966 ~ 11 9 3,50 8- . 30,40 E 3.6 0.0 0 601
147 1966 11 12 4,00 5 34,00 E 3.8 0.0 o 409
148 1966 11 14 5.08 8§ 35,80 E "0 528
149 11966 . 11 17 0,50 N 29,90 R 33 559
150 1966 11 .20 4,50 8 35,40 E &,0 a.0 0 457
151 . 1966 13 23 3,80 N 31.30 B 0 609
152 1966 11 .25 0,80 N 30,02 E 33 4,6 0.0 i . 553
153 1966 12 5 1,00 N 30,00 E 3.9 0.0 0 561
154 . 1966 12 10 5.00. 8 36,00 E 3.9 0.0 0 524
155 1966 12 14 2,00 ' N 31.00 E 4.1 0.0 0 503
156 1966 12 29 1,30 N 20,90 B 0 582
157 1967 - 1 12 5,008 36,00 E 4.0 0.0 0 524
158 1967 1 12 2,10 N 31,21 E 18 490
159 1967 1 17 4,00 § 36,00 E ' 3.7 6.0 0 418
160 - 1967 2 7 0.70 S 30.60 E 0 474
161 1967 2 14 0.20 N 30,36 E 0 504
162 1967 2 16 5,00 S 36,00 E 4.1 0.0 0 524
163 1967 2 25 500 5. '35.00 E 3.9 0.0 0 508
164 1967 . -3 10 0,63 N  30.19 R 43 ' " 530
165. 11967 4 6 1,00 - ¥ 31.00 E . 3.9 0.0 0 455
166 1967 4 9 3.00 8§ 32.50 E 3.7 6.0 0 388
167 1967 & 16 4,70 8 34,70 E 4.0 0.0 0 475
168 1967 4 16 3,00 'S 356,00 E : 3.8 0.0 1 314
169. 1967, 5 8 4,10 N 35,40 E O _ 501
170 . 1967 5. .23 4,20 8 37,00 E _ 3.6 0,0 0 483
171 1967 ‘5 .28 1.86 N 31.39: ' E 51 5.1 0.3 1 4589
172 1967 6 g 0,10 - S 30,80 E 4.0 6.0 0 452
1731967 6 19 0.64 N 30,15 E 34 4.7 0.0 1 535
1741967 = 6 28 3,80 § °36.50 E 4,7 0.0 1 418
175 1967 - 7 4 - 3,00 5 37,000 E 4,3 0.0 1 374
176 1967 7 '8 3,00 8§ 36,00 E 4,2 G.0 1 314
177 1967 7 13 5,36 8§ - 35.i7.. & 33 549
178 1967 -9 9 4,00 N 32,30 - E.. 33 4.7 0.0 1 563 .
179 1967 - 9 15 3,99 8§ 35.74 'E 0 ' _ 409
180 1967 10 14 3.32 8 38,19 E 33 5.1 0.1 1 492
181 1967 10 .19  5.28 S .34.90 E 33 - 539
i82 1967 10 30 1.80 ¥ 31.80 E 107 417
183 1967 . 10 30 2.60 N .31.60 E 128 490
184 1.99 N 31.21 E 33 5.2 0.3 1 483




 Table 3,1 List of Earthquake Records (5/9)

. g . . . : ’ IoScC
No. Pate ‘ Epicenter Depth Magnitude - )
_.Year Month Day Latitude Longitude " : Tnt. Ciégfc Distaniz
185 1967 - 1t 2 1,70 N 30,40 'E. !0 4.3 0.0 0 546
186 1967 ~ 11 11 2,02 N 31.48 .E 33 5.3 0.6 2 . 460
187 1967 . 11 .13 1,90 N 31.61.E 33 5.1 0.4 . 1 441
188 1967 11 29 2,00 N 31.20.E .. 0 4.6 0.0 1 485
189 1967 11 29 1.90 N 31,80 E O - B 424
190 . 1967 - 12 2 4,00 S 36,00 E. 3.9 0.0 0 418
191 1967 12 .28 1,00 § 31,40 E. 3.6 0.0 0. . 389
192 1967 12 .29 0,20 § 32,20 . E. O 4.2 0.1 1 295.
193 1967 12 29 3,00 N 31,40 E. O A 0.0 0 537
194 1967 12 29 2,80 N 31,20 .E. 0O WA 0.0 0 538
195 1967 12 29 1.30 N 34,00 B 4.1 0.8 2 210
196 1967 12 29  1.30 N 34,00 ‘E. 4.0 0.6 2 210
197 1967 12 30 2,10 S 29,95 E . 0 4,7 0.0 1 ' 576
198 . 1968 1 17 5.20° 8 31,10 E 3.4 0.0 0 674
199 1968 ~ 2 17  5.20 § 35.70 E = 33 B o 538
200 1968 - .2 17 509§ 35,72 E o0 . . . . ' 527
201 1968 2 17 5,10 S 35,80 B . 33 _ 530
202 1968 2 17 5,10 $§ 358 E 33 I 530
203 1968 3 13 5,00 8§ 38,00 E ‘3.4 0.0 0 - 617
204 1968 3 14 1,00 § 33.80 E 3.9 1.6 3 134
205 1968 3 14 1,00 S 33,80 FE = A1 1,9 4 134
206 1968 3 16 0,61 S 34,40 E 0 55
207 1968 3 18 0.50 s 300 E - - 39 - 25 6 . -9
208 1968 3 20 0.61 S 344z E . 13 A - 53
209 - 1968 3 21 0,58 S 34,38 E 41 o .56
210 1968 3 21 0,50 § 34,20 B 4.0 3.3.. 10 13
211 1968 3 21 0.5 S 34,30 . E: 4,0 3.7 13 62
212 1968 37 21  0.60 8 34,37 E 0 : - 58
213 . 1968 3 .21 0,30 S 3446 E 0 47
214 1968 3 3 4,67 § 34,96 E - 33 472 -
215 1968 - 4 1 0,66 S 34,41°FE .0 . 57
2161968 4 .21 4,00 S 33,00 E 3.6 0.0 0 448
217 1968 5. 6 4,30 S 30,40 E 3.6 0.0 0 - 656
218 1968 5 10 0,69 S 34.40 E .18 - 59
219 1968 5 20 3,17 s 37,10 E. 33 - 395
220 1968 6 - 1 3.30 8§ 33,50 B 4.0 0.0 1 354
221 1968 6 6 3.80 8- 36.60 E. 3,8 0.0 0 423
222 1968 6 7 4,00 8 3500 E . 0 . : 398
223 1968 6 10 3.80 S 3530 F 0 o 379
224 1968 6 13 2,21 N -.33,95 B 66 o 305 .
225 1968 6 23 4,57 § 30,35 E .0 o . 680
226 1968 6 24 0,50 8 29.90 E .0 o ‘ 551
227 1968 6. 24 0,36 S 29.89 E 33 5.0 0.0 1 . 552
228 1968 7 2 0,00 N 30,00 E 44 0.0 0 541
229 1968 7 3 4,81 S 34,98 E 33 N - 487
230 1968 7 6 5,04 S £ 0 : - ¥ A

35,70




Table 3,1 List of Earthquake Records (6/9)

' i I.5.C
No. _ Date o Eplcentgr Depth Magnitude " 7
. -3 : . cm/sec” km
.Year _quth Day Latitude Longitude - _ Int. Acc. Distance
231 1968 7 6 1.26 S 33.35 'E 30 192
232 1968 8 7 4,28 § 35.07  E 0 : 429
233 1968 8. 7 4.00 S 33,00 E 3.8 0.0 0 448
-234 1968 g 7 4,63 .5 35,66 E . 0 _ 476
235 1968 9 21 1,00 N 30,30 E .0 : 529
236 -1968 11 6 3.30 N .35.50 B 0 415
237 1968 11 13 1.809 N 31,52 E . 23 448
238 1968 . 11 26 0.80 N  30.02 E 0 ' 553
239 1969 1 4 5,20 ‘N 34,200 E 3.9 - 0,0 535
240 1969 1 .25 3.81-8 .35.63 B 34 : 386
241 © 1969 1 25 3.62 S8 -35.80 E 33 Y |
242 - 1969 226 5,22 § 338 E . 0 . 543
243 1969 3 .13 ° 0.60 N 30,60 % o 4,0 0.0 0 485
244 1969 3 14 0.80. 8 29,900 E. 33 552
245 1969 4 5 4,50 N 31,60 E 29 651
246 1969 4 14 4,26 5§ 31,10 R 0 : 596
247 . 1969 4 14 4,95 8 30.40 E 0 705 .
248. 1969 4 14 4,86 S 30,200 E. - 33 : : 714
2491969 4 18 3.20- 8 -36.44 E- 33 : ' 356 -
2501969 & 22 1.96 N 31.49E 32 456
251 1969 4 29 0,76 8 -30,91 E 27 4.6 0.0 1 440
252::1969 = 4 30 4.48 S5 35.24 B 0 453
- 253 71969 - 510 3.84 8§ 35,69 E.- 33 _ : 391
2541969 5 23 4,50 § 31.00 E _ 3.5 0.0 0 623
- 2550 1969 5 .25 3,90 5 36,00 E 33 407
256 ~ 1969 5 30 4,30 S 36,16 R 0 453
257 1969 - 6 20 3,900 S 35.70 E 0 398
2581969 - 7.-15 3.00 8 33,60 E 40 0.0 1 319
259.1969 . 7 .15 3,62 N 31,44 E - 15 584
260 1969 8 16 4,50 S 33,00 E : 3.3 0.0 0 497
261 1969 8 23 1.10 N 30,00 R 0 4,2 0.0 0 564
262. . 1969 8 .26 0,40 ¥ - 30,20.E° O : 525
2031969 .. 9 -5 0,30 8 30,80 E . O 450
264 1969 12 3 4,14 S 35,40 E 0 418
265. 1969 12 14 1.25°°' S 34,02 § 0 132
266 - 1969 12 26 3,28 § 36,00 E - .33 343
267 1969 12 29 4,900 § 38,40 E 0 634
268 1970 © 3 - 16 4,64 S 38,40 °FE - O 612
-269- 1970 o 6 4,60. S 32,10 . E 3.5 0.0 0 555
2701970 . 7 1 3,70 S - 35.60 E 0 . 374
271-1970 0 12 - 11 5.30 § 30,00 E:. . 3.3 0.0 0 763
2721971 1 3 1.85- ¥ 30,65 E 38° 4,0 0.0 0 529
273 1971 i 4 3.88 N 32,63 E 0 4,1 0.0 0 534
2747 1971 1 5 4,70 'S 36,79 E - .0 4.0 0.0 0 522
275 - 1971 1 19 4,29 8§ 30,29 E - .0 4,0 0.0 0 664
276 - 1971 1 20 3.4 S 35,18 R 0 3.9 0.0 1 339




Table 3.1 List of Farthquake Records (7/9)

Tat ' : - I1.5,C
No. Date , Epicenter . Depth Magnitude 7
' : . cmfsec km
Yeg? _Month Day Latitude Longitude Int. Ace. Distance
277 . 1971 3 6 3,64 8 35,49 E = O 4.1 0.0 1 - 366
278 1971 . 3 13 5.30 'S 30,00 E O 3.7 0.0 0 763
279 1971 4 18 0,28 N 30,03 E O 4,6 0.0 1 541"
280 1971 4 18 0.20 N 30,05 E - 32 . 4.8 0,0 1 - 537
281. 1971 - 4 21 0,19 N 29,86 E. .. 0 4,3 0.0 O 558 -
282 - 1971 5 19 4,14 5 30.24 E -0 3.8 0.0 0. - 658
283 - 1971 9 7 6,30 N 33,60 E . 0 C - E - 537
284 1972 1 8 0.58 N 30,08 E 33 4,3 2,0 . 0 541°
285 1972 1 12 4.00 § 33,30 E - 0 4,2 0.0 1 - 433
286 1972 2 13 4,50 S 34,14 E 33 4.8 0.0 1 . - 460
287 1972 2 17 417 8 34,41 B 0 4.6 0.0 1. - 420
288 1972 4 15 5.10 S -33.00:E" 0 3.8 0,0 0 558
289 1972 . 4 22 5,10 S 30,20°E° 0 ‘3.8 0.0 0 732
290 1972 5 4 4,10 5 35,51 B 0O - 5.0 0.4 1 416
291 1972 8 25 3.44 'S 35,98 - E. 0 4.2 0.0 1 358
292 1972 9 10 0.29 § 25,11 'E: 0 4,6 6.3 - 78 32
293 1972 10 30 3.27 § 36,66 E 33 4,6 0,1 - 1 376 -
294 1972 100 30 3,57 § 358 E- O 4,4 0,0 1 366
295 1972 106 30 2.58 5 3.55 E -0 4,4 0.4 1 - - 307
296 1972 10 30 3.41 S 36,49 E O 4,6 0.1 1. 380
297 1972 11 - 7 . 3.50 8§ 36,41 E - 0O 4,3, 0.0 1.7 - 385
298 1972 11 8 3.59° § 35,96 E 0 4,5 0.0 1 - 375
299 - 1973 329 3,30 S 38,86 . E O 4,5 - 0.0 1L~ 550
300 1973 4 11 4,93 S 36.96 E -0 4,3 0.0 0 516°
301 1973 4 22 4,14 N 31.31 E 0 3.9 0.0 0 - 638
302 1973 7 7 3.04 S 3556 E. 33 4.5 8,5 1 © 303
303 1973 7 28 5,14 .8 '35,13 E. 0 - 3.9 0.0 0 526
304. 1973 - 8 5 5.30 S 30,00°E 0 3.7 0.0 0 763
305 1973 8 8 4.85 8§ 29,90 E 0 4.0 0.0 0 737
306 1973 9 11 . 4,85 S 34,44 B .0 - 3.7 0.0 00 - 4G4
307 1973 . 11 15  4.90 'S 34,90 ' E 0. 4,2 0.0 0 497
308 1973 1119 - 4,28 N 31,32 K- 0 5.4 0.0 1 649 -
309 1973 12 29 3.31. 5 .35,48 E . O 4,0 0,0 L 330
310 1974 1 10 0.49 N 29,90 E 0 4,7 0,0 1 ©559.
311 1974 - 1 14 4,50 § 34,30 E- 0 3.8 . 0.0 -0 457
312 1974 117 0,17 § 30,09. B -0 4,5 0.0 1 w529
313 1974 2 2 510 S 33,69 E 0 4.8 0.0 .~ 1 . 535 .
314 1974 4 . 25 1.10 N 30,04  E - ‘1t 4,6 0.0 1 . 559"
315° 1974 4 - 25 1.27 N 30,10 E 0 4.5 0.0 - 0 559
316 1974 7 13 3.30 § 32,30 . E 0 4.4 0.0 1 428
317 1974 - 9 19 3.61 8§ 3472 B .0 4,2 0,0 L o 356
318 1974 10 26 3,94 8§ 33,30 K. 0 4,8 0,1 1 427
319 1974 11 9 4,89 'S 32,08/E .0 4.3 0.0 0 ¥ 584
320 1974 12 6 3,00 § 33,000E. .0 4,5 0.1 . 1 353"
321 1975 3 5 434 N 31,09°E- O 5.3 6.0 - 1 ... 670
322 1975 - 3 23 500 5 30,17 E : 0 4.3 0.6 0 727




Table 3.1 List of Earthquake Records (8/9)

. . - 1.5.C
No. - Date S Eplcenger. Depth Magnitude . :
‘ ' Fud . cm/sec”. . km
Year  Month  Day Latitude Lougitude Int. Acc. Distance
323 1975 3. 2 4,97 8 30,73 E 0 4.2 0.0 0 681.
324 1975 3 25 4,91 $ 30,8 E 0 4.3 0.0 0 668
325 1975 3 26 5.33 8 30.13 & 28 4.8 0.0 0 756
326 1975 3 26 3.35 8 . 32.33 E 0 4,2 0.0 1 430
. 327 1975 3 26 4,23 S -33.39°F 0 NS 0.0 1 453
328 1975 3 28 4,76 S 30,10 E 0 4,2 0.0 0 715
329 1975 5 9 3,00 S 30,00 E 0 4,0 0.0 0 611
330 1975 5 23 5,06 S 30.74 E 0 4.5 0.0 0 - 687
331 1975 7 28 4,12 S -35.23 F 0 4.7 0.0 1 414
332 1975 8 -2 2,80 8 371.50 E 0 5.0 0.5 1 397
333 1975 8 5 2.3 § 38,76 E 0 4,6 - 0.0 i 486
334 1975 8 6 4,35 S5 35,75 E 32 5.4 0,8 2 448
335 1975 8 26 4,51 S 30,90 © -0 3.8 0.0 0 631
336 1975 9 "26 2,64 .S 38,28 E 0 4.6 0.0 1 455
‘337 1975 10 22 3,915 35.62 E 0 4.4 G,0 1 398
338 1975 11 29 2,39 S -36.15 E 0 4,1 0.2 1 264
339 1975 11 .29 2,74 8 37.01 E 0 4,7 0.4 1 353
340 1975 12 '23- 2,71 s 37.86 E. O 4.6 0.0 1 421
341 1975 12 26 3.28 5 30.06 E 0 4.5 0.0 0 620
342 1975 12 26 3.4 S 36,47 E 0 4,4 0.0 1 - 379
343 11975 12 .29 3.61 § 37.15 E 0 . 4.6 0.0 1 438
344 1976 1 9 - 2,44 S 38,41 E 0 4.4 0.0 1 456
345 1976 - 1 16 3,10 s 37.20 E- O 4,2 0.0 1 396 .
34671976 1. 16 2.11 N 31.44 E 0 5.0 0.1 1 470
347 1976 - 1 19 2,94 S 37,46 E 26 4.9 0.3 1 404
348 1976 1T 21 2,81 5° 37.34 E 0 4,5 0.0 1 385
349 1976 2.5 2,78 S 36,97 B 41 4.8 0.5 1 354
350 1976 2 9 2,85 5 37.38 E. 0 4.5 0.0 1 g
351 1976 . 6 8 3,30.5 36,30 E O 4,4 0.0 1 359
352 1976 7 .31 0.60 N 30,40 F a 4.6 0.0 1 507
353 1976 11 .29 . 2,66.3 36,93 E 0 4,2 0.0 1 341
354 1977 3 19 3,00 § 37.00 E 0 4,1 0.0 1 374
355 1977 3. 25 2,80 S 37.06 E 0 4.3 0.0 1 362
356 1977 & 27 4,25 S 36,09 E 0 4,1 0.0 0 447
357 1977 10 7 .0.90 N 30.60 E 0 4.7 0.0 1 . 494
358. 1977 12 15 4,798 3491 °E 0 5.2 0.3 1 486
359 - 1977 12 28 2,02 N 31,19 E = 20 4.9 0.0 1 487
360 1978 1 4 4.91 -8 34.84 E 0 4.5 0.0 1 498
361 1978 216 5,00 8 34,40 E 0 4,5 0.0 1 512
. 362 1978 2 20 3,73 S 33.63 E 0 4.8 0.3 1 392
363 1978 = 3 2 5,30 S 30,20 E 0 4,0 0.0 0 748
364 1978 - 4 5 1.7 § 37.15 E 25 4.3 0.3 1 294
365 1978 4 10 3.59. S 34.53 E 0 4,6 0.2 1 355
366 1978 5 4 4,96 3 30.61 R 0 3.7 0.0 0 690
367 1978 5 23 2,96 N 36.22 E 7 3.9 0.0 -0 402
368 1978 7 13  0.22 N 30.44 E 0 4.6 0.0 1 496




Table 3.1 List of Earthquake Reéords'(Q/Q)

- ' > T.5.C
Dat - Eplcent +De
ate : preenter Depth Magnitude

No. . .
. cn/sec? km

. ) ) » d . )
_Year Month - Day Latltude. Longitude Tnt. Ace. Distance

369 1978 7 26 4,8 S 3844 E . 0 4.1 0.0 0 434
370 1978 11 3 5,14 S 30.71 E 0 3.5 0.0 0 69
371 1978 - .11 3 4,83 S 31,15 E 0 4.3 0.0 0 639
3721978 11 26 5,25 8 36,37 E .0 4,2 0.0 0 0 563 .
3731978 12 7 454 8 30,29 E 0 b4 0.0 0O 683
374 1978 12 8 4,70 S. 3030 E. O 3.8 0.0 0 693
375 1978 12 8 4,60 S 30,40 E -0 4,1 0.0 0 678
376 1978 12 8 4,40 S 30,40 E. O A 0.0 0 - 663
377 1979 2 26 1,84 N 30.93 E 6 4,1 0.0 0 501
378 1979 . 3 .9 1,29 N 30.51 E 33 4,8 0.0 1 518"
379 1979 3 20 2,00.8 36,00 E. 0 bub 0.2 1 - 34
380 1979 4 15 1,10 N 30,30 E . 0O 4,7 0.0 1 . 532"
381 1979 6 26 4,04 N 30,47 E. 0 - 5.2 0.0 1 . 699
382 1979 7 2 4.29 'S 32,69 E 0 b4 0.0 1 492
383 1979 11 4 4,18 'S 34,53 E 19 3.7 0.0 0 . - 420.
384 1979 12 4 1,74 B 31,28 ' E = 57 5.0 0.1 .1 462
385 1980 0 2 29 4,96 S 30,07 E .0 47 0.0 -0 731
386 1980 3 24 4,70 S 39,00 E. 0 4.1 0.0 0 . 662 .
387 1980 4 5 3,70 S 33,60 E 0 4,1 0,0 1 390
388. 1980 5 19 3,78 3 3542 E 0 3.9 0.0 1 379
389 1980 5 20 4.6 S 34,68 E 33 3.6 0.0 0 416
390 1980 6 9 0.74 N 30,14 'E .0 4,4 0,0 0 539
3911980 6 13 2,00 S 31.00°E 0 44 0,00 1 463
392. 1980 9 23 1.75 N 30.67 E 0 3.3 0.0 0 522
393 1980 9 26 1.02 N 29,94 E . 33 . 29 0,0 . O 568
394 1980 10 29 3.85 S 36,00 .E . 33 4,4 . 0.0 1 403
395 1980 11 20 5,27 S 3543 E .0 3.5 0.0 0. . 543
396 1980 12 4 2,13 § 39,75 E .0 4,3 0.0 0 578
397 1980 12 .11 1.00 § 30.20°E . 0 . 4,2 0.0 0 . 521
398 1980 12 12 0.39 N 30,17-E.. 0 4,7 0,0 1 . 528
399 1981 2 7 1.8 W 3086 E 0 43 0.0 . 0 508
400 1981 3 4 1.37 N 30,54 E 2% 4,8 0.0 1 - . 518
401 1981 10 19 2,10 S 31,77 E._ O 4,1 0.0 - 1 391
402 1981 12 19 4,90 S§ 30.02°E .. 0 3.7 0.0 0 . 731
403 1982 . 7 24 1,22 N 30,10 E = 10 3.7 0.0 0 . 557
4,76 'S 345 E 10 2.2 6.0 0

404 1982 8 14

483




Table 3, 2 th1mat10n of Ground Acceleration

gt Sondu/Miuri Damsite

1578, 1.6

Magnitude 7.0

Digtance 209 km

1972, 6, 10

Magnitude 4.6
Distance 32 km

1.8.¢/1
Estiva's formula

Kawasumi's formula

5,1 (MMS) 36 gal

20.3 gal

2.63 (JMA) 93 gal

6.3 (MMS) 78 gal
38,2 gal
1.67 (JMA) 3.1 gal

Seismic Zoﬁing
Map of KENYA /2~
(Figure 3.2)

-Y} (MMs)

21.0 - 44.0 gal

Middfé third of.
- (JMA)

IV (JMA) 25.0

80,0 gal

World Map of /3
Natural Hazards

VI and VIT (MMS)
{

VI (MS) 21.0 ~ 44,0 gal
VII(MMS) 44.0 - 94.0 gal

Latter third of
IV (JMA)

IV (JMA) 25.0 - 80.0 gal

/1 International Seismological Centre

/2 Seismic Zoning Map of Kenya
- Showing Maximum Observed Intensities (1892 - 1969)
1. S LOUPEKlNE -JULY 1971

/3. World Map of Natural Hazards
-Maximum Intensity (Mercalli Scalc) once in 50 years,
for average ground conditions



Table 3.3 Earthquéké Intehsitﬁrand Frequehcy

" Freguency Frequency - Cumylative number

Tovensity (i) in 71 years in 100 years __ for 100 years (Nc)
0.4 264 s am
0.5~ 1.4 16 23 5
1.5~ 2.4 7 0 Y
2.5 - 3.4 7 10 - " 17
3.5  bub 2 3 | 7
4.5 = 5.4 1 2 &
5.5~ 6.4 1 2 :

Total - . 208 421



Table 4.1 Quality Clasgification of Rock

Classification -~ Characteristics

Rock~forming minerals(l) are fresh and not weathered or
A altered, Joints and cracks are very closely adhered
- with no weathering along their planes. A clear sound is
emitted when hammered.

_ Rock~forming minerals are weathered slightly or
B partially altered, the rock being hard. Joints and
: cracks are closely adhered. A clear sound is emitted
when hammered. :

Rock~forming minerals are weathered but the rock is
fairly hard. The bond between rock blocks is slightly
reduced and each block is apt to be exfoliated along
CH joints and cracks by strong hammering. Joints and
cracks sometimes contain clay and other material which
may be coloured by limonite. A slightly dull sound is
emitted when hammered. .

Rock~forming minerals are weathered and the rock is’
- slightly soft. Exfoliation of the rock occcurs along
L6 S joints and cracks by normal hammering. Joints and
cracks sometimes contain clay and other material. A
somewhat dull sound is emitted when hammered,

~ Rock-forming minerals are weathered and the rock is
- CL o soft, - Exfoliation of the rock occurs along joints and
E cracks by light hammering. Joints and cracks contain
clay, - A dull sound is emitted when hammered,

Rock-forming minerals are weathered, and rock is very
soft.. There is virtually no bond between rock blocks,

D and collapse occurs at the slightest hammering. Joints
and cracks contain clay. A very dull sound is emitted
when hammered, - o

(1): Except quartz



Table 4.2 Boring Work Quantity

Boring  Location  Elevation Boring Perme~ _ ~ Remarks
Number (M) Depth(M) ability SRR
BD - 1 4-1270 14647.14 15 3 90° Damsite(Right Bank)
-2 A-930 . 1430,9 30 L "
-3 A~ 780 1397.86 50 "8 " " "
- 4 A~ 590 1352, 24 70 13 500 0 om u
-5 A= 520 1350.44 70 13 509 " (Left Bank)
- 6 - A~ 350 1369.22 35 6 - og° " "
-7 A~ 190 1409.74 45 8 " L. "
-8 A~ 70 1450.40 30 4 o o no
-9 'Bs 50 1392.02 45 4 v " (Right Bank)
~10° TUpstream  1371.00 20 3 W o R
-11 G- 100 1370.75 30 -5 even (Left Bank)
-12- C- 610 1362.02 30 5 om .m0
~13  Upstream 1370 30 5 " " - {(Right Bank)
BS - 1 A-1100  1429.91 30 3 moo o m (Spillway)
~ 2 E- 500 1384.12 20 3 " " "o
Sub~total -~ ‘ 550,00 m 87 times
Br -~ 1 N~ 300 1389.61 20 ' 90° Tunnel Line
-2 N=T770 1443,28" . 70 : " - "
-3 1-1620 - 1431,46. .70 . | "o om
-4 M- 305 1431.80° 70 oo Surge Tank
BP -1 M- 700 1275,10 30 _ " . . Power Station
-2  M-1090 1243,64 50 SR "
-3  M-1260 1229.5%6 30 -~ " - .
Sub~total ' 340,00 m
BQ -1 F-200  1481.30 4 - 90° " Quarry Site
-2  F- 900 1442,97 40 o R "
Sub-total : 80.00 m

Total 24 holes '. 970.00 m 87 times
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TPable 4.4 List of Seigmic Refraction Profile

Profile No. Length (m) Locations
A 1,355 Lower storage damsite
B 610 Diversion tunnel
C 800 Upper intake damsite
E 800 Spiliway
¥ 1,080 Quarry site
H 500 "
I 500 f :
N 1,000 Intake of waterway
L. 3,610 Waterway _
M 1,380 Surge tank and Penstock
P 230 Power station
Q 300 Waterway

Total 12,085

Tahle 4.5 List of Instruments and Materials

Iten Name Description Quantity
Oscillograph SIE, R-6AB 24 CH, 125 H=z 1 No.
Amplifier MR-4600, ADIY-MDF 24 CH, 100 db 1 No.,
Blaster GB-106A microphones 3 Nos.
o inclusive
Geophones Marsh type 14 Hz 24 Nos,
Takeout cable GT-T-10-12 - 24 CH 2 rolls
Linagraph KODAK, Type 1895 SPEC 2 10 rolls
Geligunite 100 kg
Detonator 500 pes.




Table 4.6  Relationship between Seimic Wave Speed
and its Corresponding Geology

Speed Layer

© Seismic Wave Velocity

Agsumed Geology

15T

ZND

3RD
4TH

5TH

6TH

velocity layer

velocity layer

velocity layer

velocity layer

velocity layer

velocity layer

0.3 to
1.0 to
1.7 to
2.6 to

3,7 to

5.6 ﬁo

0.6 km/sec.

1.2 km/sec.

1.8Ikmfsec. :

2.8 km/sec.,

3.9 km/sec,

6.0 km/sec.

Top soil and talus

Talus or severely weathered
rock

Highly weathered rock

Siightly weathered rock

Very slightly weathered

" rock

Fresh rock
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