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Figure 4.1 Geological Map of the Damsite
and Associated Works Site
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Chapter 1. INTRODUCTION

1.1 Scope of Investigation

The broad objectives of the materials exploration carried out from
February to November, 1984 with some intermissions, are to determine the
availability and quality of construction materials in the project area in

close association with the geological investigations.

After a brief field reconnaissance of the area carried cut duriag
the inception stage of February to March, 1984, to locate all likely
gources of earthfill, rockfill and gravel-sands, the most promising sites

were expldred'ih'detaii'from June- to November, 1984,

. The surface éxploration at thé‘iﬂception stage wag carried out
primafiiy at and around the Sondu/Miriu dam site jointiy by the geologiét
and. the soil mechanics engineer covering the river-bed upstream and
downstream of the lower storage damsite, possible quarry sites, possible
borrow area and proposed power station site. At the end of the inception
- stage, the location of the proposed borrow area and the specification for
the site investigation works and laboratory tests to be done by the local

engineering firm were prepared.

The construction material survey started on June 27, 1984 with test
pitting works.in the proposed borrow area. From each test pit, the
materials to be-used for the impervious core were sampled for laboratory
testing. Concerning quarried rock materials to be used for the rock zone
as ﬁellaas for the concrete aggregate, the rock materials were sampled
from the bored cores for laboratory testing{ 'In addition to those
samples; sands occurring at and around the power station site were also
sampled for.lahbratory testing. All the samples were hauled to the

Gauff's laboratory in Nairobi.

Ii-1



1.2 Prospective Material Sources

The'proposed borrow area for the core material is located on the
left bank just upstream of the dam site, and is situated on the flat area
and on the gentle slope in the northern part of the existing road between-

Ramula and Ramba,

The proposed quarry Site consists mainly of granodiorites with a
band of gneiss which seems to rum across the river and to extend to the

possible quarry sites on both banks.

‘The surface exploration along the fiver has revealed that'déposits_
of river sand are found‘in_quite limited localities and s¢carce in -
quantity. Thérefore, any idea'bf degignating the borrow sites along{the
river had to be abandoned for providing gravei—sands to be used.as filter’
and concrete aggregates. On the other hand, near the power station site,
there occur in places small streams and gﬁllies formed on the hill-wash
immediately on the north of_the escarbment. They'ére'expected to be
possible sites which will provide sands, but with minor problem of.

quantity available.

1.3 Site Investigation Works

1.3.1 Test Pitting

Thirteen test pits were-d&g by hand to a maximum-deﬁth'of-S m.
These test pits were explored for the sources of the earthfill material;
and numbered from TP._No.l-to.TPJhL13.TThe otﬁer-nﬂmbefs designated as
TP.No.l4, TP.No.15 and S/006 wére used for -the sources of sand material;
where only sampling was made from the sand deposits. The location of the
above test pits and sampling.is presented in Figure 1.I;~ :
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1.3,2 Laboratory Testing

"Al1l the materials sampled for the earthfill, the sand and the
quarried rock were hauled to the Gauff's laboratory in Nairobi. Field and
. laboratory test results for earthfill material are summarized in Table
1.1, The details of the results of laboratory tests are compiled in the
report "Site Investigation Works, Volume ITI, MATERTAL REPORT" prepared
by the GAUFF,
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Chapter 2, IMPERVIOUS CORE MATERTALS

2.1 General

The weathered granodiorite, which is widely distributed on the
gentle slope in the proposed borrow area, is able to.be easily exploited
with common bulldozers to prbduce a fine to medium grained soils and
could be considered for use as impervious earthfill. However, the soil
to be.exploited, even if some breakdown of the weathered granodiorite is
taken into dccount, is silty'sand'of moderate plasticity compared with
the commonly used core material, - And concerning the permeability
characteristics, which is the most important factor for evaluating the
suitability for thé impervious core,.theulaboratory permeability test did

not show the results as had been expected, due to insufficient test data,

2.2 Methods of Field Investigation

lPrior to determihing the location of any test pit on the map, a
brief ground recbnhaissénte along creeks and ridges around the proposed
borrow area was carried ount to check the_presence of the required
materials in the inception stage., ‘The loaétion map of the test pits was
prepared for tEndering.at the end of the inception stage. The test pits
are located within a band of 0.5 km wide and 2.0 kn long, All the test
-pits-were'excavated:by_man~powefit6=a_depth of 5 m, The upper portion of
each pit to 1.0 ﬁeﬁer below the ground level was shored and braced to
prevent.the collapse of.expOSed.wall'into the pit. The excavated
material was sampled fegularly ih each test pit for laboratory testing,

following the. sampling schedule. shown in Figure 2.1.

2.3 Sources (onsidered For the Farthfill Materials

The horrow area is situated on the left bank of the Sondu River and

extends on the gently slope within a 3.0 km radius upstream of the
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damsite bounded to the south by the existing road between Ramba and

Ramula,

Exploration was concentrated in an area of a 0.5 km wide band for
about 2.0 km on the gentle slope. Inspection of creeks and eroded
gullies throughout the area confirmed that weathered grancdiorite is the
principal rock type and excavations showed the following general_pféfile:

. 0.1 m to 0.5 m of clayey or lateritic topsoil

. 0.5mto 1,0 m of weathered gneiss or granodiorite containing hard

fragments with 5 to 10 cm in size
. 2.0m to 4.0 m of heavily weathered granodiorite.
Samples of material were taken from the test pit excavations for

laboratory testing. Results are presented in the subsequent Section
3.4.2. |

2.4 Properties of the Earthfill Materials

- Under a precondition that'the.weathered granodiorite.was'conéidered
to be the most probable sources for'the'imperviOUS'eafthfill-materials,

the materials sampled from each test. pit were used for 1aboratory testlng"

to determine the basic englneerlng properths ‘such.. as sPeciflc gravity,g.

gradation, consistency, natural water content and compaction. On the
other hand the materials sampled from T.P. No,1, T.P. No.4 and T.P. No.8
being likely representative of the weathered-granodlorlte oceurred in the
proposed borrow area, were used for the 1aboratory permeabllity and
triaxial) shear tests., The follow1ng descriptions are made on the

engineering properties of the weathered granodlorlte.
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2,4.1 Field Testing

(a) In-situ moisture content and density

" The in-situ moisture contents of the weathered granodiorite ranged
‘around 3% to 30%, the average being about 9,0%, while the optimum

moisture contents were in the 'order of 10% to 17%4. .

Tn-situ density tests were carried out at a depth of 1.5 m at 6 test
pits., The in-situ dry density was of the order of 1.50 t/m3 to 1.95

t/m3, as 'shown in Figure 2.2,

(b)  General profile

The seil profiles of each test pit are presented in Figure 2.3,

2.4.2 Laboratory Testing

{a) General _

All lahoratdry testing was done either at Gauff's laboratory or at
other laboratories of Gauff's associates in Nairobi. 'Labqratory tests
conducted mainly on weathered granodiofite, included specific gravity,
gradation analysis,'consistency_and compaction tests, triaxial shear

strength and permeability tests.

{(b) Classification Tests

(i) CGrading aﬁalvsis

Tests were carried out only by mechanical sieving on 22 samples of
weathered granodiorite and & of lateritized red soil. The curves for the
weathered granodiorite lie within a relatively narrow band exéept for a
. few samples from T.P. No.12Z, of which grading curves_are.slightly on the

coarser side of the average band.
- "The cﬁrves'for the lateritized red solls are on the finer side of

thé'abovéwmentidned band,=and.show values of silt size fractions ranged
20% to 40%.
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Figures 2.4 show the results of the grading analysis.

(ii) Consistency Tests

Atterberg tests for liquid and plastlc Limxts were carxled out :on 22
samples and 5 samples for the weathered granodiorite and the lateritized

red soil, fespectitely; The result is shown below. .

liquid Limit Plastic Limit Plasticity Index

W (%). wp (%), ) Ip'(%) -
Weathered 39.5 (@=8.5)  26.3 @=6.0) 13,2 (@=4.2)
granodiorite (22 values & non-plastic for 2 samples)
Lateritized . o o
red soil 45 26 . : 19

Figure 2.5 shows the plasticity range of the weathered granodiorite

and the lateritized red soil on a Casagrande Classification Chart,.

(c) Engineering Properties

Compaction, permeability and triaxial shear strength tests were.

carried out on the weathered granodiorite.

(i) Compactlon
Standard laboratory compactlon for maximum dry density and optlmum

moisture content of weathered-granodlorlte were carried out on 10

samples.

One sample.of the lateritized red.éoilngave:distinctivelyjgreatér
optimum moisture content and lower maiimum dry density thén the;
corresponding average on the above-mentioned 10 samples for the weathered
granodiorite. The compaction curves for the two. ‘types of soil are shown

in Figure 2.6 and Figure 2.7 baged on the followmng data,
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0.M.C M.D.D N.M.C

(%) (t/m?) (%)
Weathered ~ - 13.4 (¢&2.0)  1.832 (0™=0,09) 9.0 (g=4.8)
granodiorite (10 gsamples) {10 samples) {36 gamples)
Lateritized
red soil 17.5 : 1.715 . 8.6

Specific gravities were tested on 20 samples for the weathered

granodiorite and on 4 samples for the lateritized red soil.

The field moistire contents of in-situ weathered granodiorite are
lower than'optimum, a0 that moisture will have to be sufficiently added
to the earthfill material during embaﬁkment operation to produce the

required moisture content, supposed to be 2 to 3% above optimum,

(ii) Permegbility

Laboratory permeability tests Were'carriéd out on three samples of
the weathered granodiorite, which were taken from T.P. No.,l, T.P. No.4
and T.P. No.8. The'felationship among moisture conteant, dry density and
coefficient of perméability'of:each gample is shown in Figure 2.8. The
: vafiébié?heéd,test:wSS'émployed-dn all specimens and values obtained
under no surcharge were in the range from 1.0 x IO"A cmfsec to 3.0 x 10"4
cm/sec, indicating.a'séil of_réther high'permeability that may be
marginally allowable, 1if adequate construction procedures are employed

. for use in the impervious core of a rockfill dam.

Theirélationship among in~situ, ‘optimum moisture contents, moisture
‘content at which the minimum coefficient of-permeability is expected to
be obtained and construction moisture content to be recommended, is
illustrated‘in Figure 2,9, Figure 2.9 is compiled based on the values
shown on Table 2.1, which are inferred from Figure 2,10. It will be
recommended that water should be added to such a large extent that the
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moisture content be increased to 3 to 4% above the OPtimum or more as far
as the trafficability of the construction equipment is not hampefed.
Consequently, what is most vital to the proposed core materials in the
construction stage will be a moisture control, that is, "On the wet gide
of the optimum moisture content” compaction in order to build an

impervious wall in the rockfill dam,

(iid) Trldx1al Shear Strength

Three samples of weathered granodiorite were tested in tr1ax1al
‘shear. The multi-stage triaxial shear tests were carried out under the
unconsolldated and undrained condition without pore-pressure measurement.
The test conditions are descrlbed on Table 2.2. Mohr- circle dlagrams have
been plotted for the three multi- -stage undrained triaxial tests as shown

in Figure 2,11,

Design shear strength parametérs on effective stress basis could not
be determined from these undrained shear tests, but the follpwing'
parameters are recommended to be tentatively adopted at this stage for

the impervious thin core of the rockfill dams:

Cohesion €' = 0.2 kg/cm2
Friction angle ¢= 30°.

More detailed triaxial tests inclusive of consolidated-undrained

tests with pore-pressure measurement will .be necessary at the_néxf stage.

2.5 Tentative.Design Values

The tentative design values for the embankment materials are

presented in Table 2.3 for the dam désign at the feasibility study - stage.
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‘2.6 Quantities Available

A simple and rough calculation based on the explored plan area
(about 500 m x 2,000m) and allowing a nominally proven depth of 5 m and a
prbbahle-top soil stripping and associated waste depth of 1 m to 2 m
yields an_availéble quantity in the borrow area of not less than

1,000,000 m3, even 1f much conservatively estimated.

The most portion of the earthfill will consist of weathered
granodiorite with a bulking factor of 0.95, offset by waste during
excavating, stockpiling, loading, hauling and placing. It is roughly

assumed that a net overall bulking factor be around 0.85.
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Chapter 3. ALLUVIAL GRAVEL-SANDS

3.1 General

. No significant reserves of gravel-sands occur within the project
area as alluvial deposits in the bed and banks of ‘the Sondu River. The
surfaée exploration along the river has revealed that deposits of river
gsand are found in-quite limited localities and scarce in quantity.
Furthermore, based on the brief reconnaissance in the project area and
the geological interpretations in the area concerned,  any idea of
designating the borrow site along the river had to be abandoned for
obtaining sand and gravel materials to be used for fllter and concrete
aggregates. Therefore, no exploratory excavation was carried out at
this stage except sampling river sands which occur in places along the
. small streams and the gullies formed on the hil l-wash on the foot of the
éscarpment., These sands are now seen to be used for the concrete works

such as bridge comstruction around there.

3.2 Methods of Field Invéstigation :

Since no sighificant sources were found out except, there find sand
de9051ts 1n several places along the small streams and gullles on the
foot of the escarpment., TFrom there, sands were taken for laboratory

testing, where no exploratory excavation was carried out,

3.3 Sourées Considered for Concrete Apgregate and Filter Materialg

Pr1nc1pa11y, the sand and gravel materials are intended to borrow
from the quarry site, for the use of concrete aggregate and filter,
Therefore, the engineering properties are discussed on the quarried rock

in the subsequent Section 4.3,
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3.4 Properties of the Sands

The wmaterials were sampled from the sand stockpiled.néar'the stream,
which was used for bridge construction, designated as T.P.15. The others
were sampled in the gully near the proposéd power Statioh-site;.the
material designated as T.P.14 being from the deposit of the dried stream
base of gully and the material designated as $/006 from the exposed wall
of the guily. Baged on-the basic engiﬂeeriné.properties such as specific
gravity and gradation as shown in Figure 3.1, the sahdS'occurring dlong
the stream are considered to be suitable for fine aggregateé but the
materials forming the gully itself are considered to be unsuitable, No

survey of available quantity for the sands concerned was carried out at

 this stage,
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Chapter 4. QUARRTED ROCK (ROCKFILL AND CONCRETE AGGREGATE)

4.1 General

The mest promising source 6f quarried rock was investigated with one
bore-hole and ‘one line of seismic exploration on the right bank
immédiately downstream of the dam site., Tn addition to the samples taken
from drilled.cbres, those taken from the drilled cores obtained in two
bore-holes made'aidng the dam axis were used for laboratory testing,
because the rock condition of the dam foundation was considered to be
guite similar to those in the gquarrvy site, Both are in granodiorite
areas.’ The right bank ridge downstream of the dam site is designated as
 "the quarry site". The rock to be excavated from the dam foundation may
be.-also a pbtentiél‘SOurce for concrete aggregate and rockfill, or
random-Fill, Another source of granodiorite on the left bank immediately’
downstream of the dam site was initially considered but was judged to be

of inferior quality because of the intrusion of gneiss,

4.2 Method-bf Field Investigation

The quarry site is located on the right bank, about 1 to 2 km

downstream of the damsite. Its location is shown on Figure 1.1.

o Geologicallylthe feature is dominated by granodiorite, but
.occasionally by gneiss.. Oﬁtcrbp exposures of granbdiorite appeared
" mostly to be hard and durable, Exploration of this feature included 84-98
mm diametér.core boring of 80 m and one seismic traverse of 2,000 m on
the ridge of the:quarry mountain, It is expected that most of the deposit

with a thin overburden is capable of yielding rock up to riprap size.
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4,3 Engineering Properties

- Total ten samples of drilled core were taken from the exploratory
holes in the quarry site and the dam site, Thesé-samples were subjected
to unconfined cbmpressive tests in both the.air—dried and saturated
conditions together with specific gravity, abéorption, abrasion and
sodium Sulphéte soundness tests,Specimens;for unconfined compressive
strength we;e'cut_to have length of core at.a length/diameter ratio of
2.0, However, for the remainder of the tests, the individual pieces from -
| thé core éampie_were:combined for testing, The test results are

summarized in Tgble 4,1, .

The granodiorite in the quarry site and the dém_Site is strong and
durable, suitable for rockfill and it would be. suitable for .use as
aggregate for coucrete_aftef processing which would include crushing,

screering, and washing.

The gradétion for filter materials to be produced from the. quarry

mountain ig recommended as shown on Figure 4.1,

4.4 Quan;ities Available
It is conservatively-éstimated'that the depbsit-of the pfdposed

quarry mountain contains about 4,000,000'm3 or more. for the granodiorite

bedrock with a seismic wave velocity of 2.6 to 2.8 km/sec.
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Chapter 5., RECOMMENDATIONS FOR FURTHER INVESTIGATION

5.1 'Génerai

The investigations carried out during the feasibility study have
identified the various aspects of the study warranting further work at
the next stage. These will be direéted towards clarifying uncertainties
and confirming the information now available., Comprehensive data are
' 8till necessary for detailed design, tendéring and guidance during

construction,

5.2 Farthfill Materials

‘ .The earth-bofrqw_area_for the roékfill dam as an alternative plan of
fhé:SQnﬁu/Miriu devélopment scheme, is considered to provide sufficient
material. Additional investigation is.however very necessary to clarify
énd éonfirm'the permeability characteristics which indicate the
rvelationship between moisturé.content and compaction. This is vital to
the final judgement on the suitability of weathered granodiorite for use

of the impervious core.

_ Subsurface explorétion by test pitting on 200 m grid across the
necessary area would be recommended at the next stage, with supplements
of excavation-by bulldozer or back-hoe trenches, is available, In
association with these works, a detailed record of the magnitude and
variation with depth of in-site moisture contents of weathered

granodiorite throughout the borrow area will be necessary,
A programme of careful sampling and laboratory testing will be

necessary to provide a clear but common characteristics of permeability

in association with moisture content.
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5.3 Sands

An extensive programme will he requzred to confirm the quantity and
distribution of sand deposits in the small streams and gullles formed on
the hill-wagh close to the proposed power station site. Extengive

sampllng will be alsc necessary in all deposits explored

5.4 Rockfill and Concrete Aggregates

‘A programme of core drilling and geological mapping should be
carried out in the quarry site in con31derat10n of- prellmlnary
construction plannlng.' This information will assist in developlng

quarrying methods,

Trial QHarry blasts should bé performed to'asséss the effects of
joints on fragment size and the yield of the explosive, The quarried
rock after these blasts will be sampled for laboratory testlng to

reconflrm the physical propert1es.
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Table 2.1 leference between 0.M. C and
Moisture Content

{a) Permeability characteristics for decomposed granite in Japan

0.M.C. Moisture Content® Difference

1 12.5 % 14.0'% 1.5 %
2 10.5 2 13.0 % 2.5 %
3 10.0 2 15.0 % 5.0 %
4 11.5 % 12.5 % 1.0 %
5 11.0 % 14.0 % 3.0 %
6 10.5 % 13.0 % 2,5 %
7. 8.0 % 10,0 % 2.0 %
8 8.5 % 11.0 % - 2,53
9. 9.0 % 11.0 % 2 %
10 10.0 % 12.0 % . 2. %
11 9.0 % 10.0 % 1%

EA . . 2 ® 27% .
6n-1 1.10%

(b) Permeablllty characterlstlcs for the core materlal
of decomposed granite in Andong dam of South Korea -

0.M.C. Moisture Content* -  Difference
1 11.0 % 14.5.7 - 3.5%
2 11.5. % 15 % 3.5 %
3 12,03 - 15.°. % 3 7
4 13 % 17.5 % 4.5 7
5 13.5'% 18 7 4.5'%
6 14.0 % 18 7 4 %
7 10.5 3 14 % 3.57%
8§  11.0 % 14,5 7 3.5 7
9 11.5 % 4% 7. 2,57
10 i1.5 % 16 % 4,57
11 . 13.5 % 17 % 3.5 7
12 . 14.0 % 14 % oz
X. . 3.375%
5

: -1 1.23%



Table 2.2 Triaxial Shear Strength Tests
on Weathered Granodiorite

Compaction Specimen Condition Shear

Sampie No. _ Test Prior to Shear Test Parameters
MDD OMC d W St Cu fu
v/ t/m3 % KN/m? o
T.P. No.l 1.78 14 1.750  15.8 81,5 60 23
T.P. No.b  1.88 12 1.843 14,2 85.9 25 30
TP, No.8  1.838 145 1,796  17.0  94.6 65 27

Note: The multiple stage type is applied for the undrained shear
tests. Specimen conditions prior to test are as follows:

Moisture content OMC + 2%

Dry density ' 98% of MDD



Table 2.3 Tentative Design Values of the Construction Materials

Earthfill Filter

Drain - Rock/
Filter Random Riprap

Specific

Zone (1) Zone (2) Zone (3) Zone (4) ~ Zone (5)

gravity GS 2.65 2,62 2.62 2,60 2.60
¥a (t/m3) 1.80 1.82 1.92 1.95  1.90
oW OB 15 10 8 6 A
3 L | | _
E ¥ e/md) 2.07 2.0 2,07 2.07 1.98
Ysat (t/m3) 2.12 2.13 2.19 2.20 . 2.17
§ ¢ (emh) 2 0 0 0 0
%5 | - - .
ERENANC) 30 33 33 38 40
g A4 K (cm/sec) 551072 1x1073 1x10™3 Free Free
s 3 : - drained = drained
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